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FORCES ON | ‘A TALL BUILDING 
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the construction of the Empire State Building i in New York, N.Y p- 
considerable data have been collected pertaining to the intensity and distribae 
tion of the wind pressure during storms, as observed by instruments placed in- ca 
this structure. — 7 At the same time the movement of the top of the bu ilding and 
- the stresses in some of the members of the frame have been observed. ean ep 
A model of the steel frame was constructed and measurements of its de- 
forintiibins under horizontal load, as well as its period of vibration, were noted. bes ay 
From these observations the actual lateral loads on the building were estimated 
under certain assumptions. The ratio between the stiffness of the buildingand 
its frame (acting alone) was then computed to give an indication of the per ia 
centage of the load that is carried by the frame. The plastic as well as the 
elastic action of the structure is indicated in the data. 


Res: The following studies were contemplated | beat this set of experiments was 


- (@) The relation between the velocity of the wind and the pressure produced; a 
(b) The variation of stresses due to wind acrossa bent; 
check, or refutation, of the basic principles of of the and cantilever 
ba @ An estimate of the proper horizontal load that should be ly in nail 


. % The instruments installed in the building for the special purposes of the 


: observations were: anemometer; 30 manometers; cameras with 


ip 
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=e ON A TALL BUILDING | 


They paper is divided into three parts. Part I a of: (a) 


the stiffening effect of the masonry on the steel an approximate ‘evalua- 
tion of the uniform load on the structure due to the wind. A model, with its 
tested in the laboratory for the — in 


Fale 
Technical Research Committee of the Institute Steel 
fm 6. a - Construction by arrangement with the owners, architects, consulting engineer, 
contractors for the Empire State Building equipped that building during 
its construction with instruments, by the use of which data were later obtained _ 
- to the effect of wind and the resulting stresses and strains, = | 
a With the exception of the work of Clyde T. Morris, M. Am. Soc. C. E., on 
a Oe the. American Insurance Union Building? this is the first opportunity known to q 
4 a the writer in which engineers have been permitted to conduct an extensive _ 
; = study | of the action of a large building over a period of s several years, with a view ‘ 


— to increasing their - knowledge of the action of a structure s subjected to wind loads. 


oad The data obtained, therefore, are of considerable value inasmuch as they tend 2 q 
ce 3 to clarify: the very intricate problem of determining | the nature of wind pressure 
§ = large areas and permit the study of the plastic and elastic action of the q 


By the nature of the problem al high degree of f accuracy was 1 not necessary; 
r was it obtainable. There were ‘many factors beyond the control of the 
observers, and many data that were necessary for a complete solution of the | 
ieee problem could not be obtained. _ From the > beginning of the project in ‘Apeil, 
— 1931, ‘until the removal of the instruments in the summer of 1936 a considerable _ 
_ number of observers gave their time to the task of making those records. 
: =f Many of these data were fragmentary but as & } whole they | furnish a picture of 


a4 The Empire | State Building i is s the tallest in the world to date (1938); and 
‘it is not, like — tall buildings, simply a tower surmounting a 1 comparatively = 
r 4a low building. Its breadth is sufficient to present a very extensive surface to the | i 
(see Fig. 1). Its plan dimensions are 197.5 ft by 424.5 ft from the ground 
_ to the sixth floor. It has several setbacks, but from the thirtieth floor to the : 
seventy-third, it covers approximately one-fourth the area of the ground floor. 
<j From the seventy-third floor it is gradually reduced in area to the roof on he | 
q eighty-sixth floor. A mast which supports the anemometer for “Measuring the 
wind velocity extends about 200 ft above the roof. All observations were > 
made below the eighty-sixth floor. The design is almost ideally simple from a — 


of Wind Bracing,’’ by Clyde T. Morris, Proceedings, Am. of Steel 
ne., Octo! er, 1 
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structural point of view. All the floors. are about two : axes, with 


75th Floor, E1900" 


Total Area of North ’ 3 
Face = 248000 


= 


Area = 92.442 Sq Ft ihe 
ae 

Floor, 437°, | 


Center Line 
“Center Line 


| 
! 


Area = 26555 Sq Ft 
PH 
4th Floor, E! 292, 


the consists of steel columns and 
| being fastened to the columns by the s shallow wind-brace connections of Ate i 


4 type shown in Fig. 2. In addition, the central bays : ‘around the elevator a: 


have a system of knee-braces which extend from approximately the third point — 
on the girder to Ge point where the he corresponding girder on the floor below 


— 
— 
flowerpot 
a 
“4 
— 
iy 
4q 
= 
with the accompanying columns and floor-beams, forms vertical 
[| 


the frame of the building i in the narrow direction. _ As explained in Part II, 
there are three typical frames in the narrow direction of the building. ene 3 
The floors are of cinder conerete slab construction supported by: steel beams 
nickel steel and Indiana ‘Until a floor was rented it had no interior 
partitions except those surrounding the elevators and utility rooms. Fig. 4 is 
a _ With the exception of one offset for chil entrance the olen arein 
rows in both directions and each column extends from the foundation to the * 
ea roof. The symmetry and regularity of the building have aided greatly in the _ 
we. Surrounding the steel, and acting with it, are other 1 materials of construction, il om 


‘ ah such as concrete floors, tile and plaster partitions, etc. Much of this material == 
“ Pe is not elastic and does not follow Hooke’s law. Asa result, when it is subjected — = 


Position, fle ms reveals this 


~ 


= 


7 ik: to loads, the building shows a predominance of plastic action; that is, when it is Er * 
by a. force it will nat return exactly to a definite fixed 


‘The buildings in the of are re low compared to those 
_ few blocks farther north, where one group of the tall buildings of the city is 
located. The buildings along Forty-Second id Street present a solid wall of high - a 
_~ structures - which tend to break up the air currents at elevs ations above, a as well a 
on as below, their tops. There are a number of tall buildings to the west as well ee 


- as to the north; and, to the south and the southeast, there are few obstructions. — 


‘Fig. 5, a view wr of the city near the building, affords some idea of the character of ‘3 2 
obstructions which, it is easily seen, are of a type that would disturb the air it 


currents and interfere with any tendency to be streamlined. 


he r 


a Fig. 6isa a map givi ying the approximate e elev: ations, in feet, of the roofs ae 4 
; those buildings that are high enough, and close enough, to affect the air currents 
seriously. . Fig. 7 gives the number | of stories, of the buildings in 
the immediate n 
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Several were used in making the survey for the maps i in n Figs. 
7, after which the public records for the heights of the more important buildings - Pi * 
“a were looked up as a check. | _ Accuracy sufficient for the purpose was obtained j € E 


by these methods although they could not be relied upon where great care was 
necessary. aa The first method used was to observe the heights with a hand-level x 
from the several floors of the Empire State This method proved 
inaccurate for all except the closest structures. 
Ani ingenious method was suggested and one of the student ob- 


7 


servers, which proved quite successful. Photographs were taken from the 
j  geventy-fifth, fifty-fifth, and thirty-sixth floors using windows in the same 
i vertical line. . With the known distance between floors as a base the heights of Ss 


buildings could be computed from the photographs by triangulation. The 


_ distances to the buildings were known from the published maps so that checks ee 
os From Figs. 5, 6, and 7, it is 3 quite evident that the structure is many times x 


higher than most of its neighbors and even those that compare with it in height 
(more than one-half as high) are isolated towers a considerable distance away. _ 
S: The air currents at the lower elevations (to a height that is extremely ain oud 4 


The v and of wind were obtained from an anemometer 
a Siu g — approximately 15 ft above the top of the mast, or 1 263 ft above the 
ss a street. This instrument relies for its operation on a 32-blade rotor which does 
a hy not spin n (as does the cup anemometer). The dial (not self-recording), was at 


_ just before and just after the deflection readings. The hands often fluctuated 
over a range of about 15 miles per hr during a severe storm. ‘The average . 
oi velocity was taken and not the maximum due to this swing. In one instance, 

pe a fluctuation of 20 miles per hr on each side of a mean of shout 50 miles sa | 


There i ‘is some | question 2 as to the accuracy of the anemometer for recording 
the velocity of the storm, . Although the instrument m may register, ennelly, 4 
the velocity at the mast head at the time noted, the air currents are doubtless 


: ‘8 influenced by the presence of the building itself, as well as by aa 
buildingsin the vicinity, 


_ ‘There are three Weather Bureaus on Manhattan Island, all within less than 
five miles of the Empire State Building. . In order | to have as many | data as” 
possible on the wind movement during the observations the records of these 
several Weather Bureaus were consulted. . Table 1 gives the direction and 
velocity of the wind at each station, at the time of the observation indicated. :) 
_ In the case of the anemometer at the > Empire State Building, the readings were a 
taken as near as possible to the time of taking the other data and at the time , 7 
_ td - indicated in Column (2). If the velocity needle was fluctuating the mean 
‘reading was taken. ie In the case of the three neighboring stati ions, the a average Ps 
velocity and direction | during the hour of the readings were recorded. In 
addition, the maximum velocity { for a 5-min Period | attained d by the the wind during is 
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mid- | tion of | *¥, im | ¢j ity, | Direc- | ity, Ve- | Ve- | 
night | wind | miles wind in | tion of | in loc- | loc- }in hours: 
hour} win’ miles} wind |miles| Direc- | ity, ity, | 
2 2/10/32 | 17:00 NNE sw | 2. NW | 
21/1600 | W | 35 NE | 9] NE | @ ae 
&g 4 15:00 | WNW 25 | WSW 13 Nw | is | Ww. a 
8} 8/11/82 | 14: NW | 18 | NW 
— , 14:30 | SE in 15) 8 
| 1420 | Nw. | ESE | 9 | SE 4 
14:20 | NW | 29-38 | WNW 11 | 
4 14 3/32 | 14:04 WNW en NNW 12 | NW 12 N 
6/18/32 | 14:00 | N ESE | 9 | SE 
— 18| 5/18/32 | 14:45 | NNE NE | 3 | | & 
5/19/32 | 14:00 | SSE | 13-17. NNW| 7 | NE | 3 
23) 5/24/32 | 11:00 ssw WNW 9 Nw | 10 oan = 
— 5/26/32 | Sew Wwsw | 14 19 | 
28| 5/31/32 Bren §sw wsw | 14, SW | 20 24) 25 | 1440 £8 
32| 6/ 8/32 | 13:2 = NNE | 18 | N |. 
| | WN 25 Nw | 13 we 26 | 3i | 164000 
34 6/ 9/32 14:40 | WS 25 NW 14 "9 22 27 11:54 
6/13/82 | 11:50 | NE 30 | WNW 13 13 21 | 26) 15:20 
42 6/17/32 14:20 N ENE 12 a 
44 |M 6/23/32 | 11:55 | WNW WNw 12 
6/23/83: 5: NW 16 22 | 28 | 16:04 
46| 6/24/32 | 11:15 | WNW 3/2 | 
48| 6/24/32 | 17:18 | W ww, | | 7 q 


TABLE (Continued) 


TABL 


Srates WEATHER 


= 
ae Hourly reading} Maximum a 


Ve- 

loc- 

ity, 

in in 
wind | miles| miles 
| per | per | 
hour | hour 
(10) | 2) a2) 


Maximum veloc- 
ities (5-min pe- 
riod); 3/22/36... . 

Extreme velocities 


= 


© 


naeZZZz 


ane 


— 
7/32] 1500 | | 30 | s | 3s is:19 
7/ 5/32 | 17:15 WNW NNW | NW 8 Nw 32) 15:19 
732 | 18:00 | sw | iz | wesw | 9 | sw | sw | ao 
| | NW | is | nw | is | 
45 20 | WNW] 10 | NW | 13 | NW 
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9/12/32 | 14:07 wi | 10 NW | 8| sw 4/1618 
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2 | SSW SE_| 21 SE 
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SE | 26-35 | SSW 14 s | 24 
a 10/ 4/32 | 16:40 | SE | 35 | SSE 10 | SE 7 | wht 
10/ 5/32| 9:00 | 52 | SSE | 14 SE | 
a 10/ 5/32 | 1440 | SSE | 45 | 8 | 14 | 27 | SE — 
82] 10/ 6/32 | 9:20 | SSE | 65-75 | BSE 
107 7/32 10:15 | 32 | WNW is 4 
10/11/32 | 9:20 | WSW | 34 | WSW | 10 
00 | SE | 22 | ENE| 9 j = 
92} 10/21/32 | 10:00 | W | 22 | WNW] 12 the 
95} 10/22/32 | “9:10 "| 18 | NW | 32 | 35 | 16:13 
— 10] E | 15 | ESE | 10 
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past | Diree- | Veloe- | Diree- | ity, | Direo- | ity, | a: 
mid- | tion of | im | tion of | in’ | tion of | in 
— | night | wind | ™iles | wind |miles| wind |miles| Direc- | ity, and T 
ate hour} per per | tion of | in minutes 
4 10/28/32 15 | NW | 29] 14:58 
11/ 1/32 (40) SE | 39 | .... 
108 11/ 1/32 WNW | NW | 17 | 
— 11/ 1/32 WNW] 50 | N_ | 17] ee 
— | 11/ 9/32 NE | 45-57 | ENE | 24 £E | 
— | 11/ 9/32 ENE | 45-60 | ENE | 27 
| 9/32 | 14:20 | ENE | 55-70 | ENE | 28 BS 
110] 11/ 9/32 | 1 ENE | 60 | ENE | 29 4] NE | 
 _ | 11/11/32 | 1 S | 25 | ssw | 10 16 8 
12] 11/15/32 sw | 35 | WSW | 12 REG 4223 2a. 
13] 11/18/32 | 1 ENE | 6-10 | ENE | 10 ENE} 
14] 11/18/32 | 1 ENE | 15-16 | ENE | 9 8°] BNE 6 
15| 11/19/32 | 1 SSE | SSW | 22 | 37 44 | 49 | 13:28 
16 | 12/ 2/32 | 1 wsw wsw | 13 
17 | 12/ 2/32 | 1 | 13 1:28 
NE 11 NE | 17 | NE | 10 |....] 
ENE | 6]| SW £8 
| 24] W 30 | 35 | 12:06 
sw | 19 | sw | SW | 25] 28 | 9:42 2 
wsw | 15 | sw | 20 Sw | 19 | 25 10:00 - 
ENE | 15| E | 15 | NE 
130} 1/28/33 | 1 NW NNW | 18 | NW | 19 | Nw | 32 | 34 | 17:05 
2/83] | | 14] W | 17 | W | 25 | 30 | 12:59 
«183 2/15/33 | NW | NNW | 12 | NW | 15 | NW | 23 | 
— 2/15/33 | Nw | | NNW/ 12 | Nw | 20 | Nw | 31 | 85 11:55 
135| 2/17/33 | 1 wsw] 18 | WSW SW 7 | SW 
2/18/33 | lwsw| is |NNW| 8/ Sw ln] N [as | 
137| 2/27/33 NW | 55-65 | NNW | 24 | NW 23 NW 41 44 | 9:15 
ee Nw | 55-65 | NNW | 24 | NW | 25 | NW | 41 | 47 | 10:38 i 
wsw | 30 | NNW] 21 | Nw | 19 | NW | 27 | 3% | 900 
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that same hour, as recorded by the Federal Observatory, is given in Column an 
(11). The exact time that this maximum was taken is given in Column (12). a 
= ‘The maximum velocity during the storm of March 22, 1936, for a 5-min .. a 
period, was 34 miles per hr in Central Park, and 65 miles per hr at er. ae 
Station. The extreme velocity at the Federal Station was 71 miles per hr z 
whereas a velocity of 102 miles per hr was noted at the Empire State Building. — 
_ A pressure of 20.2 Ib per sq ft has been reached once in Central Park since 1919. — 
_ The Federal Observatory is in the Whitehall Building overlooking Battery — 
Park on the south end of Manhattan Island. In the vicinity there are a num- 
ber of buildi 


|. 
4 past | Diree- | Yee | piree- | ity, | Direc- ity, | is 
mid- | tion of ty, tion of | in | tion of | in Di 
night | wind | hour| Wind |miles| wind |miles | 
¢ 00 | | 50 | ENE-| 11 | NW | 12 | NW | 21] 34 | 1045 
1045 | NE | 49 | NNE | 13 | NE | 23 

3/28/33 | 17:00 | WNW NNW | is | NW | 17 = 
4/ 4/33 | 17:00 | WNW | 45 | NW | 19 | NW | 19 30 
149] 4/19/33 | 11:20 | NE | 44 | ENE | 21 | E | 28 

150] 2/ 3/36 | 14:00 | .... | WNW] 4] NW] 5 | 
3/ 2/36 | 18:40 | SE 35 | ESE | 12] SE | 15 | 
3/9/36 | 17:00 | sw | 22 | | 8] 8 | 9 
3/11/36 | 14:45 | SE | 55-60 | ESE | 18 | SE | 29 a9 | 32 | 145 
3/18/36] 14:40 | | NE | 21 E 27 
3/22/36 | 10:25 | NNW | 90 | NW | 28 | NW | 27 56 
156| 3/22/36 | 15:55 | NW | 50-60 | NW | 25 | NW | 23 iC 
157 3/22/36 | 16:10 | NW | 50-60 | NW 27 NW 23 45 | 54 ox 
4/1/36] 14:15 | S | 25 | SE 9] SE — 
4/ 7/36 | 12:25 | E_ | 20 | ENE | 13 | NE | 11 
«Fs 160] 4/ 8/36 | 9:36 | NNW | 40-45 | NW | 16 | NW 17 i 
162| 4/13/36 | 15:50 | NNW | “20 | NW | 11 | N 11 
> 4 163} 4/14/36 | 15:45 | NNW| 25 | SW | 10 | SW | 13 
164] 4/15/36 | 10:00 | NW | 45 | 7| SE | 4 4 
| 11:00 | wNw| 30 | wNW| 15 | W | 23 
| 429736 | |... | SE 11] SE | 11 
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“Bureau | station, which to a considerable ‘extent affect the sending» 


eS The News Building is on the south side of Forty-Second Street between - 
Second and Third Avenues, and about 900 ft east of Lexington Avenue. This “a 
5 structure is much taller than any other building east of Lexington Avenue, — & io 
except the Chrysler Tower, so that all buildings that are anywhere near the j 
 anemometer i in height are shown in Fig. 6. 3 ‘The height c of the anemometer i is 
504 ft above the street and 30 ft above the roof. awuite old 
New York City Meteorological Station is in Central Park, 
| mile west of Fifth Avenue and 2.9 miles. north of the Empire State Building. 
‘The observatory i is in the approximate. center of the park which has a , width of 
- about 0.5 mile and a length of a little more than 2.5 miles. _ The anemometer is i ee 
62 ft above the ground and is of the rotary cup type. — This elevation places 
it well above the trees of the park but lower than the buildings on the adjoining Ps 
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pire ations Building have been observed b by watching the drift of mond of oe y 
flakes. The results of one typical observation are given in Fig. 8 which shows ia 
that the flow of the air is greatly disturbed by the building in a manner that is" — 
far from simple. ‘3 Another observation on February 8, 1936, showed definite at 


Vertical currents, up as well as down, whereas the anemometer recorded a zero 
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south and west there is nothing between the instruments andthe harbor. The 
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_- During a strong wind a rubber balloon was tied to a long thread and sent 


out the highest point of the mast. ‘It did not} move horizontally av away from 


‘mast. It made one vertical trip the full engthh of the thread (several hundred 2 
feet) and returned. It did not leave the lee side of the building until 15 min ig 
after the thread was severed. From these observations it is quite evident that - 

on ‘< - ‘the velocity of the wind acting ¢ on the surface of a building is entirely too com-— 

= to be. represented by a ‘single reading. ail 
_ Table 1 shows that recording instruments within a few miles of each ‘other 
differ widely ir their readings while recording a storm. _ This table (whic 
aa justifies considerable detailed study) reveals the fact that each station has 
i - individual characteristics that must be understood, when interpreting data. _ 
order to study the pressure ‘oud the pressure distribution of the wind 
_ over the surface of the building ten gages were placed on each of three floors: 
‘The thirty-sixth, the fifty-fifth, and the seventy-fifth (see Fig. 
The opening in the outside wall consisted of a hole, 14 in. in diameter, placed — 
: a spandrel | of aluminum, — _ Great care was taken in 1 boring t the hole to have 
the edges sharp and true. 05 5-in. galvanized i iron pipe, with special 
f floor. These pipes were embedded i in the floor — the holes were bored 
are Each closet contained a rack consisting of ten glass tubes (see Fig. 9) which 
fastened in at their "lower ends, by: a short Tubber tube, 


of each connected to one of the galvanised pipes, previously de- 
seribed, by means of a rubber tube, thus subjecting it t to the pressure of the 
outside air. ‘The other end was open to the air pressure of the closet. AL 
_ though the tubes were placed on a slant the scales were made to measure 
zg vertically ; therefore, no allowance was made for this increase in length of tube. 
‘The difference in level between the two columns of water gave ‘a measure of the 
difference in pressure of the air in the closet and that against the 4-in. hole. x 
Tt There i is some possibility that the air ‘Pressure in the two closets was not the 
_ the same during a high wind. The doors were left open during visual readings — 
aa <t 28 When the equipment was 3 being installed it was felt that better in information a 
could be obtained by having readings (on the manometers and on the steel) 
} ad made at the same time by electrical control. In each closet a camera was 
na focused on the five U-tubes; and each extensometer (described subsequently) — 
~ had a camera attached to it. All we were operated from a common button on n the 
4 twenty-fourth floor. In its operation this set-up did not prove entirely satis- 
factory. . During a ateohg wind storm the building not only deflects but ae 
* —_— and the camera may eatch a reading on the steel at the maximum or I 
‘minimum of the strain due to this vibration. — With the manometers, on the 


z designed air-tight couplings, led from each hole to one of two closets on this q 
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_ other sy the fact that the wind comes in gusts might cause a reading higher 
_ or lower than the mean nwo _ The average was taken in all cases when vis- 
ual readings were made. It took several minutes from the time the dial was 
~ read on the first floor until the observer had made all his readings on the several 
fons and returned to the first floor. In a considerable number of cases the 
i The cameras were a source of annoyance because they often: jammed, 
in this way, much valuable information was lost. _ | 
computing the pressures given in Table 2, in. of difference i in liquid 
: devation was taken as 5.2 lb per sq ft on the wall surface. | ‘The vrei 
= readings given in in Table 2 show the general character of the pressure distribution — 


| a number of characteristic storms. Where the wind materially 


_ others affect ‘some lower level. + One instance was noted in which the wind 


. Below t the seventieth floor it was calm whereas 


~ the thirty-sixth floor and it was avtyrwery calm at and above the fifty. 
3 The manometer tubes (see Fig. 4) recorded both positive and negative -s 
“pressures. Fig. 10 gives a graphic illustration distribution of the wind 
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SSE _| 68 | +26] +36) —36| —19 | —28| —35| +21) +50| +53) 447 
__|wnw | 31 | *i2| $30| 440 +17} +05} +10} 00) —04| —09| -og 
103 | WNW 42 | +05| +20| —o7| —01| +90] +37] 0| +10] +10] —15 -10 
NE | 50 | +04] —15| -17| —03| —23] —30| +18| +29] +70] —07| —26 
= = | ENE | 60 | -40] -10] -40} -10] +10] +30] +40] +00! | —30 
111 24 | +20| +22 +10} 0 0} —05) 0 +10] +07 | +10 
113| ENE | 12 | 403] +02] +05| —o1| +06] +04] +15] +15| +18] —08| —10| —14 
116] W | 30 | —02| +10| +05| +06] +07} 0| +05| +03] +03] —03| +19| +25 
sw | 35 | -04| $16 | +21] +05] —03} +03] +07 | +08] +06] +03 +17) 423 
a sw | 7 | 0] +09] +06] +04| +12] -11| -17 
+29 | +42| +05] —03} —05| +04) +11| +13] -19] 416] 403 
SSW | | +01] +04] +04] + 0] +03] +04) +06 | +05) +03 | +06) -03| —04| —09 
| WSW | 35 | +07 | +14] +04] +07) —12| +09] +18 
ssw | 53 | —37| +54| +45| +05 90) 25, +03) —30) | +34) 
| 13 | 419 409} +10| +13] +12] + 6] +31] +27| +22] -o7| -14| -16 
127 | ENE | 16 | +09| +05|+06| 0] —03| +19| +21| +25] +21] —09 | -16| —19 
35 | +02) +07| +16] +01] +29] +21) —06| +06| +06) -25 
— | NE | 52 | —75} —03| —40| +11] +35] +80) +40) +01) -39|-52 
ue 130 NW | 50 | -06| -13| —03| +51] +56) —20| +36 —29 | —26 
— WNW | 52 | +i4] +19] +02| +13] +02] -44 
NE 32 | —08 | +08 | +12| +13] +06) +32] +35 | +31| -05|—05) -04 
«147 NW_ | 39 | —66| —o9 | —28| —01| +18] +31] +13] +14] +15] —07} -12] -19 
wNw | 45 | —03| 405| +50| ~29| ~18| —10| —os | —45 
+15| +10] +15] +08] +20] +40] +20] +40] +40| +40) —15] +05] + 0 
age} sw of of of” 0| 0] —20| —25| -20] —5o} oO 
4164 E 55 .. | +20] +10 10 30 40 50 | - 
155} NNW | 99 | -20} 0] +20] +20] + 0] —105| +60] +35] +20] +6 + 
| NNw | 90 | +10 | 10 | =115| +95 +80) 400) 
‘a WwW | 90 | —10| +10] +10] +10] +10] .. | .. | .. | .. 
NW" £15] £10] —60) —15| —20| +95) +15] .. | +50 
156 NW 50-60} +10} -10|-10| 0] 0] —40| —30| +85) +30] +40 
«157 | NW [50-60] | 0} 0] 0] —20| —20 _ +10 
160} NW |40:25 cae | -15] -25] -45] +70] +10] +20] +20 
11] NNW]... .. 10 | 30] —40| +10 +o 
NW +85 | +65] +10] +15] -90| —10 
| WNN ae | | | | —10] -10) —20) .. | .. 
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: | 8 9 mit: 2 7 8 9 10 
| 408] —27| -17| —30| —22| +20] -44|+20/+18| +30 — 
| +08} +55] —10 —15 | -12|—17|+03| = 
00} +50} +50) 00 0} 0| —10| —10| +35/+55] 
—40) +53) +32] +29] +07 | —38| —07 | —27 | -37 |+04| —37|—31 | +03 | +15 | +20 
—38) +15) +29 | +36 | +56) +07 | —50/—-43/ 00) +70 
$05} —13) —06| —06| -—05] —28|—28/+03]| —29]—24 | +02 | -17 | —21 — 
+22] —08| —06 | —08 | —03 +15 |+24)+25 | —20) | +01 | —09 | —11 
$05 —18| —21| —o9| -35| —36 |—35 | -04 | -27 |-33 | —34 
-29] -11| -18} —29| —19| —27| —35]—40 | —03 | —25 —30|-33 
—12) —06| —12| —11| —09| —17| = 
; +10) —03) —07} —17| —08| —25| — 2|-13]—03 | —24|-29| —23 
+32} —10} —40) —23| —25| —55| +30|—51|+20| —48|-35| —43 
—13) —14) —07 | —09 | —08 | —03| —32| —43/-44| 
4 +03} —15| —06| —03| —03| —36| —40|—46|+01| —41|—40 | -40 
$06 +21) +13) —09 | —15| —22| —19| —30|—25|/+03} +05} 0| 
q +06) +46) +07 | +32] +41] +14] —59/}+33/+02| 
$05] +19} +55] +04 | 411 | —12| —22| —41 | 51 | +57 | +05 | —03| +44 | +03 | —08 -27|-39 
a +06 | —19| —16| —15| —09| —25 | —26 |—24|+03| 
+36) +71) —28| —37| —30| —37| —62| —64|-72| 0] +04/+06| 09/-25/-50/-59 = 3 | 
OT —37 | —49 | —24 | —26] —42| 0] 443/433] 04]-45|—70| —41 
$05) +21) —26| —22| —37| —50|—53|—04| +32/+24| 11|-42|-43}-30 
404) —18) —17) +14) +24) +11] —13 —29 0 0;-40 
> 422 +21] 408 | —08 | —16| —35| —39 | —37 —34 | —02 | —05 | —20 
405) 446) -12| —23| —13} -22| -33|-83|+02| +17|+50 |—02|—31 |—31| —32 
| 34) —39) +15] +22| —20| —44/—45| —60|—59 | —01 | —02 | +09 — 
$05} +05] —05| -15| 0] +20| +30|4+20]—10| +35/+30| +30 
= 10 | +10) +10) +10] +15 | +25] —25| +10] +35)... | 
710] +10) +10) +40} +60} —90| +30/+30] +30) — 
0 20} +20) +20) —10) —40| +20|+20/-10| +20) | | 
0 —150] —110) +60} +80} +20] +30] +20] | | 
10 —170) —130) +40} +50| +10] +10 0/+25|/+55}+10 
oF =30 +10] +10] +10] +20] +30/+20/-10} —sol .. 0 +10/4+15| +10 
Og | —40| +20 +20] +10] +20] +30/+20|-10| —40/+40| 0/+20/+70] —90 
o | 0 +10 | +20} +30/+20/—10| —50|+25|—15|—50|—50| —10 — 
0 0} +20] +20/+20) +20) .. |] .. .. 
10 —50) +10 0} +10 +20 +20 .. | | | 
30 +10) +30 | +20 +20 +20 | +40 | —10 —80 +05 | +30 +100 
30 | +10) +10) +10| +20] +20] +20] +20] +20]+40| —60|—80|—10| +05 | +30 +10 
30 410) —85| +10} +20] +10] +20] o|415| 410 
=10} —35) —30 ig +10) +10} +10] +20| +20|+20/—10| —10/-10| .. | 0/+15 #10 
— 


a ards, subjected a model of the Empire State Building, ‘5 ft high, to air coat 
of known velocity in a wind tunnel, and recorded the pressure at a great number Be 
_ of points,’ including the stations shown in Fig.4. A comparison of the pressures Fi { 
on the model and those on the building shows clearly that the Bi wind © 


are not at all like those in a wind tunnel. 


structure ‘than | the Empire State Building could not found. is 
not only the tallest building in the world but it is symmetrical i in plan about 7 
_ both planes parallel to its sides, and through its vertical axis. The stair well, ; 

or fire towe er, is near this central axis (Fig. 4) and gives s a clear s sight from. the 3 


‘The data reported herein are those of the e movement of the eighty-sixth 
floor relative to the sixth. The pane: movement of the sixth floor is doubtless 
small and may be neglected. 
ao. effect, the building is a huge cantilever ond as such has two distinct 
- movements when acted upon by a wind storm: It deflects from the vertical; 
_ and it vibrates with a definite period, similar to the tines of a tuning-fork when _ 
struck. A steady wind causes deflections only, whereas a gusty ' wind will set : 
up up vibrations with amplitudes that vary with the strength ; and character of the 
_ storm. Under the action of a strong wind the building vibrates about a mean " 
_ position in the direction parallel to its narrow side and, with a different period, a. 
ina perpendicular direction. — Apparently, these two vibratory motions a re a 
“7 _ independent of each other, differing both in amplitude and period, = 
Two arene were used to study the motion of the upper part of the’ building — 
during ¢ a storm. specially designed vertical collimator with a right-angle 
~ eye-piece was set up on the sixth floor and sighted on a target on the ceiling of — 
_ the eighty-sixth floor. From a point near this target a plumb-bob was >. " 
_ pended so that the bob hung near the sixth floor. — The collimator proved very — 


useful in studying the vibrations of the building both as to period and amplitude; = 


_ the plumb-bob was more useful in obtaining the deflections. At the time of — 4 
p _ _ reading either instrument the velocity and direction of the wind at the mast — 


7 One of the most valuable features ¢ of the building from ‘a standpoint of x: 
investigation is the: fire tow er. Although there are sev eral offsets in this’ 
tov tl om the sixth floor to the -eighty-sixth floor (a 
-vertical of 972.5 ft) of about 54 in. in either direction, leaving 
room for both the plumb-bob string, and the collimator sight. — In order to 
_ defeat the tendency for vertical currents of air to occur in the shaft, a a diaphragm > 7 ; 
_ was installed at the fifty-fourth floor, holes being left for the line of sight and = 
Es the plumb-bob ‘string. _ Even after the installation of this diaphragm there is a 


strong current of air into the tower when the doors leading from the building | es 


emo 


_%**Wind Pressure on a Model of the Empire State a by Hugh L. L. Dryden and G. H. Hill, 
Research Paper No. 506, National Bureau of Standards. 
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floors are anne particularly « above the fif ty-fifth floor. When the doors are 

“closed the leakage of air under the door is quite perceptible but the volumeofair =— 
- admitted is small. _ At each floor the stairway is separated from the tower by a 7 +a — 

partition containing a door. All doors to the tower were kept closed except 

fw As the tower is very close to the vertical central axis of the building any | 

- rotation of the building about this axis does not affect the readings. Deflections 
that persisted over & considerable period of time could be obtained to 


desired degree of accuracy ‘by means of the plumb-bob, whereas rapid move- | 
-ments could be studied by means of the 


plumb-bob consisted of a 35-Ib concrete « cylinder (Fig. 11) containing 
- considerable scrap iron. It was suspended by a three-strand sounding cable 
from the ceiling of the eighty-sixth floor to a conv enient height above the ae 
; sixth floor so that the | distance from the 
point of suspension to the center of the bob anon su) ; 
969.25 ft. Due to this great length 1047.5" 
wire the bob did not follow 
a rapid movements of the building, but main- — 
tained a position under the mean location 
_ The first bob designed had a brass point 
on the lower énd but trouble was experi- 


by the weight bending this point 


when it hit the lower target (marked in ge Kan 
tenths of an inch) on which the readings Ltd 


io made. In order to prevent this nl 


and to allow for vertical adjustment, a very 

_ small bob was suspended from the lower end | 

ba the larger one. _ The point of this second 

bob was 80 that it exactly cleared 

Oil baths were used to damp out the ‘Oil Bath 
swing of the bob. the dampers the 


be 
readings were easily obtained to within 0. 1 seid 


4 


ap. 


4 


or even closer, during light wind. aa 


During a heavy wind the bob had a 
dency to oscillate, due to the movement of 
the ‘point: of support and also to slight u up- no 


ward currents of air. As the motion in any 
‘definite direction was that of a damped har- within 02 jn, and 


monic it was not difficult to estimate the position of rest to within 0.2 in. and : 
in most cases to within 0.1 in. Once or twice the ‘Position of rest was difficult — Ss 
to determine with ar an accuracy of less than 0.5in. This occurred during very 7 ; 
strong winds and was probably due to the shifting « of the mean position of the - 


-_eighty-sixth floor during the time the observations were being taken. — 


1 

’ 

4 

4 

‘ 

— 

| 


Some que: question has been raised as to the the plumb-bob as 
instrument for noting the movement of the building because of the leakage 
_ of the air into the shaft and also because of the fact that the point of support i is 
not steady. The size of the fire tower, except at the diaphragm across the 
- 4 fifty-fourth floor, is more than 125 sq ft, with the result that upward currents — 
_ are slight and those that do occur do not deflect the plumb-bob string in one 
_ direction more than in another. _ Whena door was opened a serious disturbance 
occurred, but it subsided at once when the cause was removed. As to the 
effect of vibration on the action of the bob, it is to be noted that the building 2 
- vibrates from 6 to 8 times per min whereas the computed period of the bob is 
- between 34 sec and 35 sec. As the bob did not record movements of its sup- 
_ port that are not of _—T duration than the period of its swing, the bale 
whe vibrations are not recorded by the bob, 
but their mean position is determined by 
| ag 
The tidal effect on a pendulum of 
ih length can easily be shown to be small ¥ 
enough to be neglected. } 
large number of readings have been 
recorded to show the position of the — 
plumb-bob, together with the recorded 
wind velocity and direction. A few rep- 
data are given in Table 3. 
In plotting these readings the w riter di- 
vided them into three groups for the sake 
(Distance East of Assumed Origin of clearness: Table 3(a), for a wind ve- 
of less than 20 miles per hr; Table 
1G. 12.—Moven EMENT or Piums-Bos Durinc hs 
Licut (0 To 20 Mies Per Hour) _—3(b), for recorded wind velocities betwee een 
and 30 miles per hr; and Table 3(c), 
for a wind velocity greater than 30 miles per hr. Fig. 12 is an ee Boi of . 
form in which the data were were plotted. 


‘The first group (see Table 3(a)) shows that the bi building : fails to return | to a = 


South of Assumed Origin 


of Coordinates, in inches 


Distance 


= 


brs ‘definite position of rest. This is to be expected as there is considerable inelastic a 2 
q and semi-elastic material surrounding the steel frame. It is probable that a 


x - this material resists recovery, _ and that there is a small | amount of stress left 
" in the steel after the building is relieved of a heavy wind pressure. As a result, gi 
if the wind were to shift to the opposite direction, , the building would pass 
through the zero point of deflection much more ‘readily than a a simple 
> strain curve would indicate. This action would, in no way, endanger the Bt 
a as the phenomenon will not occur except at low stresses. _ Fig. m= 


«gives an idea of the ex extent of this. plastic set because it can be assumed that Log “& 


vo 


i WIND FORCES ON A TALL BUILDING — 
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7 a -' _ The forces due to the high wind (see Table 3(c)) are great enough to over- ‘ 
the plastic deformations of the storm immediately preceding the one __ 
—_— _ observed and so in each case, in the third group, the displacement would be due 
=. j.. tothe wind recorded and not to the effect of a previous storm. wh detest 


“WIND FORCES. on A TALL 


‘Distance 


Bastern Winp 
Stand-| 
I ard | TERISTICS 
Datet | hour 
minutes] Com- | loc- minutes} Com- 
pass |ity,in past 
diree- | miles East South mid- _. 


tion | per ni ad 


(a) Winp Vetocity Less THan c) ‘Vatocrrr Mors 
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| 3/25 | 13:25 | SSE | 15 590 a 
18} 5/18 | 14:00} N | 8 0 
«22 5723 | 1200] w | 12 
| | 11:00 | ssw | 
i 5/25 | 10:10 | 8 — 
| 6/13 | 11:50 | NE | 15 — 
«6/14 | 15:00 | NE 
89 6/16 | 14:25 | SSE | 12 
49 6/29 | 16:55 | WNW) 12 
62] 7/6] 13:00} SW | 12 
| 777] 1440] SSE | 12 
¥ 55 | 7/14 | 12:55 NNW 10 
. 60] 8/2] 10:15 | SSW | 13 
63 | 8/22 | 12:00| NW | 5 
64 | 8/23 | 11:45 | NE | 10 
4 65 | 8/24 | 13:25] S | 8 
| | 16:25] E | 6 
67 | 9/7] 11:25 | NNW] 12 
92 | 14:07 | | 10 
a 87 | 10/14 | 16:51 | WSW | 10 <i. 
96 | 10/25 | 13:10] E | 15 — 
97 | 10/26 | 11:05 | SSE | 13  —a bas 
120 | 12/27 | 17:20 | ENE | 12 — 
«1/13 | 16:16 | NE | 15 
#4 | 3/23 | 16:50 | SW | 15 
4/17 | 11:00 |WNW| 3 109 14:45 | ENE | 60 
A Eq 110 | 16:30 | ENE | 60 
9:50 | SW | 35 

129 | 1/25 | 9:30 | ENE | 58 
— 
— 
A %, 
il 
a 
a 


a0 Iti is to be noted ‘that. the v values i in — 3 do ne not indicate the 1 maximum . 
They are re 
ze the mean posi- 
about which the 
building vibrates; 
for maximum de- 
flection one-half the 
amplitude | of vibra- J 
 tionshould beadded. 
In order to make 


_ this plastic set in the 
narrow direction of 
building, three 
sets: of measure- 
ments were made to 
the plumb-bol 
string from 
ence points, on the | 
floors. it 
required more ro 
two hours for each 
set of readings it it w was 
“necessary make q 
during calm 
weather in order to 
a be assured that the — 
_ building did not shift © 
Gating the e time 
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- WIND FORCES ON A TALL BUILDING © 


wind from the west northwest. Table 4 g gives ‘the readings of the | 
showing a north deflection of 0. 25 i in. at noon and an east deflection of 0.15 in. De i 


E 4.—P.iums-Bos OBSERVATIONS ON A Hor, Crear Day, 


DISPLACEMENT OF PLUMB-Bos, tn INCHES, FROM THE 
OBSERVED AT THE FoLLowine Times 
MIpNIGcHT)— > 


Wind velocity, in miles per hour*..... 30 28t | .... | 25t 


outhward 
43 8.50 | 8.50 | 8.55 | 8.45 


only a a minor factor in the given in this paper. 
The collimator was designed by the United States Coast and "Geodetic 
Survey for the purpose of locating the » reading points of triangulation survey é os 7 
marks above their permanent points. . It consists essentially of a transit ms 
equipped with a Tight- -angle eye- piece and a leveling bubble. The telescope 
has a focal length of about 8in. One division of the leveling bubble. represents — .- 
0.56 in. on the target; that is, the bubble has a sensitiveness of about 10” of 
arc per division. "The target can be read to 0.5 in. iu. 
As the principal value of the collimator lay in the study of the vibrations sar 
“ the building it was used during high winds only. i. Hewitt Crosby, M. Am. 
Soe. C. E. , reporting. to the American Institute of Steel Construction,‘ stated es 
6 that for some unknown reason the sixth floor tilted as much as four divisions 
| of the dial, or approximately | 40” of are. In light and steady winds the effect — 
| was eliminated by leveling the instrument s contialie before taking a sight; but in 
strong or gusty winds, when readings must be made on a moving target, tk is 
impossible. In: extreme cases, the indicated error from this cause w. 
- found to be as much as 2 in. In strong winds, the motion of the target was 


Nevertheless, the instrument proved invaluable because it enabled one —" 


é study the movements of the top of the building qualitatively when acted upon 

bya high wind. . Table. 5 records the readings of the collimator, showing the ~ 
amplitude of vibration of the building. A number of attempts were made to. 

_ measure the deflection of other buildings by means of transits set up at a dis- 


tance, but the writer knows of no case in which satisfactory results have been 


7x. Wind Stresses in the Structure of the rob State Building,” by Hewitt Crosby. | _ Manuseript 
report to Am. Inst. of Steel Construction, ! New York, N. Y., June, 1938, ‘Pp. — 


~ 
— 
7 
9:15 | 10:00 11:00] 12:00 | 12:30 13:00 | 14:00| 14:30 15:00 
— 
AS fhe dav was no Ong a ate s 4 
— 
4 
— 
a — 
— 
— 
“+ 


— 
“8 TABL E 5. = EFLECTION READINGS BY COLLIMATOR 


Winp 


Reapinas 


Winp 
CHARACTER- READINGS 


aa 


dF 


P 


Velocity, in miles 


Datet 
per hour 
Mini- 

mum 
Compass 
direction 
Maxi- 
mum 

Mini- 

mum 

Maxi- 

mum 


E 


as 


PNONONNON 


* See corresponding numbers in Table 1. 
_ The period of vibration was observed | by means of the collimator on No- 


vember 1, 1932 (see Fig. 14). The north -south movement is given ir in ‘Fig. 15. 


| 


tie’ 


“Fre. 14. ATOR ATIONS ON THE SWING OF THE Emprre STATE 1, 193: 
‘The swing of one of the dials on the southwest corner column of the twenty- a 
fourth floor (Fig. 4) y was read on November 18, 1934. The curve thus obtained a 
oe Fig. 15(b)) is the combination of two vibrations at right angles to each 


was and the of the building was practically the same 
; _ during these two observations the change of period from 8.28 sec to 8.14 sec is a 
of considerable interest and i is probably due to an of ‘the 


East- | North- «ES East. | Northe fF g 
West | South | | | 
— 
j rth | 10/4 SE |26 | 5.0 8.0 | 
401} 11/1 SE | 4.0 
402} 11/1 SSE |75 | 4.5 
103 | 11/1 | 16:40] WNW |43 | 6.8 
11/9 | 11:45] ENE |52 | 4.0 4.3 
108] 11/9 | 14:30] ENE |60 | 3.8 5.2 
11/18] 16:00] ENE | 4.5 6.6 
| 12/2 |16:00} SW |35 | 4.8 
| 12/21) 11:40) SSW | 34 | 5.3 8 
pee 
3 
i 1 
| 4 
> 


fourth floor, by an 0. 001-in., Ames dial i in. below son thet 
One end of a = touches the stem of na dial, the —_ end being — 


—(b) 17 CYCLES IN 136 SECONDS. 


1 ATIONS OF A Corner OF THE Strate 


welded to dee column 411% in. above the midpoint of the ‘aiieiied In other 

. beer the two points of attachment are 50 in. apart. They were all placed as a 
near the outer end of the column flange (Carnegie H- beams) as s possible. a eS 


= 


- angular change in the column can be computed it is not given herein nay . 


_ unless the point of counterflexure is known, it is of little value el toe 


The columns chosen for observation were the southwest corner cial’ ad 
i twenty-fifth floor and the three columns nearest to this corner. An offset 
: % floor, thus facilitating the reading of the instruments. — 
Column (19) of Table 6 gives the sum of the ve of the — dials on 
- the corner column in hundred-thousandths of an inch. Column (14) is o 
‘direct stress, in pounds pe per square inch, producing this strain. i; It is obtained - » 
by multiplying the strain by 29 000 000 and dividing by 50; or, the reading — 
p ‘multiplied | by 29 000 000 and d divided by 50 x 100 000, or 5. 8. In other words, 
~ the strain ‘multiplied by the modulus of elasticity and divided by the length 
gives the stress, in pounds persquareinch, 
o ‘The stress in this same column due to e to the wind pressure has been computed — 
from the manometer readings on on the assumption that the building is isacantilever. 
_ The overturning moment of the wind about an elevation half-way between ei 
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= ressure openings of the thirty-sixth and the fifty- fifth floors; (2) that it is also “" 
i uniform between this elevation and half-way between the fifty-fifth and the 7 
_ seventy-fifth floors; —_ (3) that between this latter elevation and the top | it is bs 
uniform. hese s¢ 
pain of Tubes 2, 3, and 4, Fig. 4, subtracting the readings of Tubes 7, 8, 
a and 9, and dividing the resultant by 3. These summations (before dividing by 
3) for the several floors are given in Table 6, Columns (1), (3), and (5); ‘similarly, 
the west pressure The readings of Tubes 1 and 10 are subtracted 


Ib pressure, on the south face, has tobe: 
For the thirty-sixth floor, 5 411 000 ft-lb; for the fifty-fifth floor, 
15 300 000 ft-lb; and (c) for the seventy-fifth floor, 35 400 000 ft-lb. Similarly, — 
for the west face these values would be: (a) For the thirty-sixth floor, 3 900 000 7 wi 
ft-lb; (b) for the fifty-fifth floor, 11 100 000 ft- Ib; and (c) for the seventy-fifth é a 
— floor, 26 700 000 ft-lb. To obtain the total overturnjng moment in either 
direction one would ld multiply the sum of the manometer ‘Teadings by 5.2 x 
reduce them to pounds | per square foot, divide by two or three, and then 
‘multiply by the proper value. The effect of the six sets of readings i is additive. 
this is the column ‘steel on the floor. The beam 


M c 


ormula, § 8 = —~, is used to pwn . the stress in the steel. This assumes that 7 e 


the planes of the twenty-fourth and twenty- -fifth floors remain planes. asia te 
‘The value of J about each axis has been obtained by 1 ‘multiplying the area 
‘of each column, in inches, by the distance to the axis, squared, in feet. . The — es 
pewereened to inches is indicated by the factor, 12, which cancels out of the com- Px. + 
putations. The moment of inertia, J, about the east-west axis is 31 454 000 
-X 12 X 12 in.‘, whereas, for the north-south axis, J is 70970000 X 12 X 12. | 
The corner column i is 65.25 ft and 91.25 ft from the two axes 
. i‘  ‘Toas ascertain the stress in the corner column corresponding to the manometer 
readings on the north and south faces, the data from Column 
Itiplied by 2411000 X 12 x 65.25 x 12 X 5.2 
Table 6, should be multiplied by 454000 X12 X12 31451000 X12 X12 
or, 19. Similarly, for the east and west faces: 
3.900 000 x 12 X 91.25 xX 12 x 
q For the fifty-fifth floor the corresponding values are 0.55 and 0.3695, 
whereas, for the seventy-fifth floor they are 1.272 and 0.895. ~ Columns (7) 
q _ to (12) of Table 6 are obtained from Columns (1) to (6) by multiplying by i 
several values. - Column (13) is the algebraic sum of Columns (7) to (12) and 
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hows the diftterence between the 
comparison Of Uolumns (15) and (14) shows the d 
computed and the observed stresses in tds corner column. It furnishes a 
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“WIND FORCES ON A ‘TALL BUILDIN 


rough on the method” of 
columns of buildings, 


An assumed horizontal load of 20 sq ft over the south will, gives a 


computed stress of 2 330 lb in. i in this pressure. Aq 


Two assumptions ar are ‘usually made in computing the stresses in the onal 
~ of tall buildings due to lateral forces when at any of the , so-called exact methods — 
are used. One assumption is that the girders are rigidly connected to the 
. columns and the other i is that the frame i is not braced by the walls, partitions, — 


‘The first assumption has been given considerable st study both in America® — 


and i in ‘England. Data have been collected and investigations a are in ‘Process 


in some of the e colleges ¢ of the United States to ascertain the percentages of error — 
ts the final results due to this assumption. It i is hoped that, before long, the 


a4 on n the. abject. 184 is of more than academic interest, because the stresses in 
_ the frame are proportional to the deflection of the structure if the distribution — 
of stress is the same when the masonry is present as it is in the steel frame acting — 
3 alone. Therefore, the actual stress in the steel is reduced by the presence of the 
SB nyresid in proportion to its influence on the stiffness. David A. re 


7 Rigidity i is of considerable importance inasmuch as it affects the oopelasielt 
of a building with tenants. If the structure is too limber the fact ma may beshown — 
by cracks in the plaster and the movement may be noted in other ways causing ~ 

lack of confidence in the safety of the ‘structure. On the other hand, if ‘it is. 

i too stiff the 1 period of vibration will be short enough to be noticeable by the 

tenants, thus producing the same lack of confidence. In either case an unsatis- 

factory result is obtained. a David C. Coyle,® M. Am. Soc. C. E., has published | 

information « on the period of vibration of a few. existing structures and has 
collected considerable data. _ The problem will doubtless assume major pro- — 

portions if office buildings are built higher in thefuture, 


Am. Soc. C. E., Vol. 101 (1936), p.524. 


_ Investigation on Beam and Column Connections,” by C. Batho ond H. Cc we Second Rept., 
4 Steel Structures Research Committee, Dept. of Scientific and Industrial Research, pp. 61-137. 


“Structural Engineering Problems,” by David A. Molitor, The Peters Co., Mich., 1937, p. 64; 
: J also, reproduced by the Bureau of Yards and Docks, U. 8. Navy Dept., 1937. o> sor 
“Sway Tall 


computing the stresses in the 
| A 
fro 
lin 
4 
af 
— | io 
q wi 
> 
= 
= = frame subjected to lateral loads as a routine part of the solution, = . 
second assumption (neglecting the stiffening effect of the masonry) is 
q is 

g 
3 ‘4 4 
q 30% to 50% if the connections were rigid. He has also estimated that the 
ti 
& 
t 
4 
International Assoc. for Bridge and Structural Engrs., 
October, 1928, p. 2393; and August, 1932, p. 1100. 
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y As a large percentage \ of the material in the structure rea not obey Hooke’s 8 

Jaw the stresses incurred at low loads 1 may be of an entirely different character : 

from those that would occur if the building were subjected to a dangerous wind Es 
pressure. = It is doubtless true that, due to the greater stiffness and high elastic = . 
limit of the steel comp: composing the frame, the stiffening effect of the masonry be- > 7 

~ comes less valuable as the loads increase. It is customary to ignore this source , 

of ' strength, and probably wisely so, when designing a building; but it may 
account for the fact that few, if any, | steel buildings have been destroyed - 

_ i‘ An estimate of this stiffening effect should be of value, and, therefore, a 

- study of some of the data taken from the Empire State Building investigation 

has been used to find the stiffening of this one building in the given range of 

working | loads. accuracy of the result i is open | to | some question as it is 


second set of computations has not been made because of the time and aa 
that is required to make the necessary model. _ However, this value gives a a 
general idea of the ratio between the rigidity of a building without this bracing a 7 
and one with it. For a building of different construction the ratio can be esti- 
bors with greater accuracy as a result of this study. The entire problem is - 


one that does not allow for accurate work and great refinement; nor does it , 


~ tuning fork; it is peng cantilever secured at its bane and vibrated by the — 
gusts of wind (not a steady force). The structure is composed of an elastic 

steel frame and of parts that are more or less plastic. This plasticity has a 
dampening effect on the vibrations but does not alter the period. 
.;. order to form an estimate of the period of vibration, similar in all respects _ 
to the one observed but supported by the steel frame alone, a model was con- — 

_ structed and observed. ~ It was constructed so that the principles of similitude | 
‘could be ‘applied, ‘and the period of vibration computed, for a steel frame of 
the size of the building, and weighted to represent the dead load of the building. Pas 

al i” From the period of vibration of the model and that of the building one can 7 

- compute the relative stiffness of the. model and that of the finished building. - 

_ The one has rigid (soldered) connections and no masonry stiffening, whereas - 


the other has riveted connections and a great mass of masonry surrounding the 
‘steel. The model represents the steel skeleton, proportionally weighted. 
2 assumed that the effect of the difference between the model and the ag 7 
(masonry and connections) will be the same on the several floorsof the structure. 
The period of vibration does not depend upon the severity and the character _ 
_ of the horizontal loads but rather upon the several properties of the building *s 
that be obtained the engineers’ plans, such as the weight dis- 


are views of the model used. jaw i 
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— If two structures of the g — nature of the one under consideration ia 
g built similar to > each other, except for the scales of a length, modulus of : 
elasticity, cand ‘moment: of inertia of the sections, i 


weight and the cube of the length, and inv versely as ‘the modulus of f elasticity 


and the moment of inertia of the members. Bi 


4 


& 


period of vibration, expressed as a time or r the ratio of 


which Ww: = the w on the building or the model—or t ratio of 
ogous: weights; L = the linear dimensions—or the ratio of homologous di- 4 
mensions; Ee = modulus of -elasticity—or the r atio of homologous 
moduli; and J = the moment of inertia—or the ratio of homologous moments 


—__—_, or rz. 8 ‘Bee, is the computed period « of an unstiffened weighted f fra 


~The building ha has an vibration of about 8.25 sec (see Fig. 15 
= ratio 0 of these en is then 8. 25 to 17. 8 or 1 to ) 2. oul which oem the ; 


a if t the steel frame alone held it in position. 


4) 
a 
4 
to =) { 
il 
a 
4 
| 
‘a 
= 
a 
7 
that the structure is very close to four and one-half times as stiff as it would be 


he 
be 
: 
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. Fig. 18(a) i is the deformation curve of the model eat to a pull at the an 


sixth floor of sufficient magnitude to produce a unit deflection at that floor. Pa 
_ The weight used was 5 lb, producing a deflection of 0.244 in. or 0.0488 in. per Ib. 7 
 Aevataing similitude between the model and the building the force of the wind 
"against the side of the structure can be estimated by the use of this curve and 
the deflection of the building. _ In computing the wind pressure its distribution 


——160 Lb per Ft 


‘Floor Number 
| 


. must be assumed isn: a cl at an upper floor has more overturning effect 


‘The deflection due to a load at the en a cantilever is given by ss. 


ries 


in which K i is an upon th anner in whieh EI 
varies along the length of the cantilev yer —e same in the model as in the pro- 

3 

in which A = the deflection; and P =a concentrated load. . By Equation (1), 


hence, 


| 
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Fig. 18, if of Fig. 18(a) are multiplied width of the 
building the curve in Fig. 18(b) is obtained. In Fig. 18(c) is the integral of the 
curve of Fig. 18(b) « obtained by plotting as ordinates the area below each point 
i: Fig. 18(b). The total area of Fig. 18(b) is 64600. Assuming a uniform x 
‘Pressure throughout the building of z lb per sq ft, and observing the deflection, 
- the pressure i is found to be as follows: From the pleat: bob readings i in Table 3 
- the maximum south reading is found to be 9.76 in. and the minimum is 3.26 in. _ 
the is twice the A= = 3. 25 in ratio of this 
3.25 
or 66.6; the 


0.0488 ’ 


ratio: the ti times of vibration, ‘T, 18 07385 or 59.6. ratio has been 


wat as 50 530 000. — the horizontal pull at the cighty-cixth endl 
te necessary to produce a deflection of 2.97 in. is P = 66.6 X 50 530 000 X 59. e¢. 
= 11950 —_ lb. From the curves of Fig. 18 the same deflection would be -— ‘ 
poe bya a , uniform load o over r the south face of: io = 18.5 5 af nai: ft, 

_ which includes the negative, as well as the positive, pressure, fh 

_ It is to be noted that the foregoing data are based on the iaiiaie —_ 
deflections. That storms producing greater deflections have occurred 

doubtless true, so this value must be accepted with caution. 

- Conclusion 9, in Part III, is based partly o on the values given herein and 
‘en of Column (14), ‘Table | 6. Ati is ho 
information on this point. 


— 


Description ‘THE Move, — 


‘The steel frame of the Empire State Building lends itself readily to. mead’ . 
é analys sis. 8. Iti is is unusually symmetrical and, with very fe few exceptions, the girders: 
and columns can be e reproduced as a rectangular grill with the columns extend- 
ing from the foundation to the roof. The model was designed to have elastic 
_ properties s similar to the frame when deflections in the narrow direction of the _ 
- building (that is, parallel to Fifth Avenue) are being studied. It consisted of _ 
_ three grills fastened together i ins such a way that they were forced | to vibrate asa 
a unit. 7 An examination of the | plans shows that the frame at the foundation is a 7 
4 composed of twenty-two rows of columns. The first eight rows consist of ten — 2 
rs columns, , the next six of nine columns and the last eight of ten columns. The Ss 
- - twenty-two grills thus formed are forced to act as a unit by the concrete floors 
4 and other connections between them, and to vibrate with the same period 
It was considered p! proper, , therefore, to combine these grills into three, : as indi- ‘a 
cated i in Figs. 3, 16, and 17. In each grill the columns and girders were de-- ne 
; signed so they had a moment of inertia proportional to the sum of all eight (or 
4 six) corresponding columns or girders. At each floor the girders are secured — 3 
to the columns by shallow wind-brace connections which, in this paper, have 
4 been considered as rigid. In addition, at certain knee-braces extend 
_ from the intersection of a column and a girder to about the third-point on the 


- girder in in haa floor above. a T hese braces are represented in the model in their — 
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D FORCES ON A TALL BUILDING © 
_ proper geometric relation by stiff brass wire (21-gage) which i is a ‘minimum 
allowable size for compression as a column. ae 
In one or two cases, as at the Fifth Avenue entrance, there i is a variation 
within the group of eight grills, which condition prevails only on the six lower | 
: “floors. x Another place where the building required more than three grills was _ 
between the seventy-second and the eighty-first floors, because the knee-— 
_ braces did not lend themselves to a a single pattern. In this case the model’s 
a “grill i is separated into two parts over this section of the structure; and so at 
these places the model contained five grills, 
q = The distances from center to center of columns, and those between floors 
on the ‘model, were laid out to a scale of 1 in. equals 12 ft, , or a scale of 1 to 144. 
: ‘The grills were constructed of cold drawn brass 1/16 in. thick, which thickness 
a was fas maintained f for both girders and columns except in the case of some of the 
heavy y columns in the lower part of the building where )-in. material was used. 
_ The moments of inertia computed were divided by an arbitrary constant which — 
was of such a value that the members of the model would be of a convenient - 
size. These depths we were calculated and the brass milled to the nearest thou- a 
_sandth of aninch. Each column was of one continuous piece, varying in depth © 
_ to correspond with the computed value of its moment of inertia, whereas at - 
_ each floor the girders were represented by a continuous member whose depth 7 
_ was changed at the points where it intersected the columns. 
sae Each of the grils | was s formed by laying the girders | on the columns and 
4 


Ba The three grills were fastened together at approximately every eighth floor . 
by means of horizontal trusses having no vertical stability but considerable — 
lateral rigidity. Between the third, and also the eighth, sets of columns vertical he 
_ trusses were placed between the two grills so that the model would have rigidity _ 
. perpendicular to the direction of vibration. . These trusses each consisted of a 4 
piece of cold drawn brass wire (21-gage) bent to form the webbing of a War- | a 
4 ren truss whose chords were the columns. These trusses had no stiffening — -. 
q effect in the direction of vibration but acted as spacers” between the grills, q 
be _ holding them about an inch apart. The posts were set in sockets in a i “4 
frame, 44 by 13/16 by 24 in. » and dow eled securely 80 that the nigga of the Se i” 


specimens of the brass strips ¥ were tested, af ter toa 
depth of approximately that of an average beam, in order to find the value of E, — 
the modulus of elasticity. This was done again after the strip was treated to ; 
considerable heat, which was applied in the same manner as was done in making © 
the soldered joints. No change in modulus was noted. = 
Some trouble was experienced with the soldered joints flowing when sub- x 
by, jected to a long continued stress. In 1 order to determine whether these joints y: *y! 
were strong enough to carry the stresses during the period of vibration (about = } 
Vy 7 sec), th the model shown in Fig. 19 was constructed. ‘The joint at Point 4 a 
was first made perfectly 1 rigid by clamping the two pieces of brass together with _ - 


aC clamp which exerted enough pressure to prevent slippage. The lever was * . 
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- game manner as the joints in the model. — The na was again vibrated, and 
if the joint had not held satisfactorily, part | , of the motion would have gone 
4 through this joint into the section beyond and thus would have slowed down ~ 
alt NSN “Joint Tested 


de period. The period of vibration used was approximately the same as that a 


_ Of the model, the weight being adjusted to produce it. Five readings over & 
- fixed period of time e showed, for the soldered joint: 27.5, 27.6, 27.6, 27.7, and — 
_ 27.8 half vibrations, or a mean of 27.64. For the clamped joint, on the other 
hand, the readings were: 27.5, 27.8, 27.6, 27. 8, and 27.6, with a mean of 27. 66. 
_ ‘The difference between the two means is low enough to warrant the conclusion 
- that the soldered connection is satisfactory when the stress is low and of short 
; ie making the model it was impracticable to control both the area and the 4 
- moment of inertia of the several members as the constant width of 1/16 in. had ‘ Re 
r to be maintained, that being the thickness | of the brass ribbon used ial The areas, _& 
- therefore, are not proportional to ‘those of the building. . In the ease of the = 
a girders the direct stress is low and so the lack of proportionality is not objection- _ 
able. With the columns, however, the direct stress and the areas do enter into a : 
= ta ‘the deflections of both building snd x model and thus introduce a small error into Ss 
the results. The fact that the areas of the braces in the model are too large a 
for similitude has little influence on the results. 
we The w weight of each floor was obtained from the column schedule of the stee 
or The total weight of the building above each floor was obtained by — 
adding the stresses in all columns on that floor. © The increment for each floor 
‘was obtained from these data. . The partition loads and live loads were re sub-— 
Tete where vo floors were not eget In the case of the occupied floors is 


These computed floor were divided we an ond 


weights of the floors in the were increased to value by' the 
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conditions both allowing for this added weight and omitting it. The difference 


) FORCES ON A TALL BUILDING 
In computing the weight of the model the weight of the brass girders and 
: columns was first computed and distributed at each floor. The weights of the a 
knee-braces and the several stiffening trusses were obtained by observing the 
length of the wire used in making them. The model was then weighed and the - 
_ difference between the computed and actual | weight was taken as the weight of _ 
; - the solder. . This was distributed ‘among the several floors in » proportion: to the an 
of joints on that floor. To each floor was then added weight 


‘cases this added weight w was ‘computed to be in which case one-half 
- the value was subtracted from the weight to be added to the floor below and the — 
other half from that to be added to the floor above. _ The weights were secured ¥ = 
4 in ‘position by means of rubber bands whose weight was also considered. _ 
an _ The model, as thus designed and constructed, w - similar to the building — 


4q 


(c) "The ratio of of elasticity of used in the model to 
that of the steel frame of the building was 14 to 29; and, 


Pa ~ (d) The ratio of the moments of inertia (and, therefore, the ratios s of the a 
_ stiffness of the various members of the model, to the corresponding members of = 
the | building). was 1 to 43000 X 10°. _ This ratio was chosen because it pro- 


duced s ‘sizes of members in the model w: > ‘ith which it = practical to v to work. 


~ 


‘The model was not similar to ‘the building | in ‘the following ps particulars: 
a In the dimensions perpendicular to the narrow face of the building; (2) 

~ in the method of fastening girders to columns; (3) in the fact that it is not braced 

_ by masonry surrounding the frame—floors, walls, partitions, and other building he Tes 
a materials; and, (4) in the cross-sectional areas of the several members. oe 

_ oe Fig. 17. shows the method of obtaining the vibration characteristics of the = 
model. A 5-lb weight was used to produce the horizontal pull. The connec- i 

tion was broken suddenly | by means of a trigger trip. 
aa The horizontal movement was recorded by means of a thread attached to the see 
model at one end and held taut by a rubber band at the other. A lever, holding a 
: a pen, was attached ‘to the thread i in Linge & manner that the pen traced the ate 


to the floor; the load ¢ eighty-sixth floor and the 

_ recorder on the sixty-fifth floor; and (c) the load on the sixty-fifth floor and : 

if __ the recorder on tl on the eighty -sixth floor. The recorder was placed on the eighth, 
seventeenth, twenty-ninth, forty- fourth, fifty- -fourth, sixty- -fifth, seventy-fourth, 
and eighty-sixth floors. For each position the load was applied and suddenly 
released at all the floors named. 0 Thus, a series of sixty-four curves similar 


to those of Fig. 20 were produced. of ‘vibration was the same in 


4 
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(a s geometrical proportions (both vertically anc 
to its narrow face) were toascaleoflto1l44; 
4 F -__ (b) Its weight distribution was the same as that ae 
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WIN 


series of position before and after releasing the 5-lb was 
used as the deflection due to the pull. oul 


The derivation of the following formulas is given so that one may n¢ note the - 3 


‘approximations involved in Equation (20) and thus estimate the errors if the 


result of neglecting them i is open to ale 


“Sal we oh mal A Bi in Fig. 21 represent a 


One: Second Intervals 
ER AT 86TH FLOOR 


at 


springs, as and or 


da, i is fixed at Point P, the sym- 


i _ bol, m, being ‘the mass per linear 
134 


unit; it may be a function of 


a 


_ (®) LOAD ON THE 86TH FLOOR; RECORDER When the particle, m dz, is ina po- 
AT THE 65TH FLOOR 
sition of maximum deflection the 


—_ is zero, and all energy is 
This energy is stored 


— upinthe stressed fibers of the can-— 
building frame this energy is the: 


a amma nal energy of the strained col 
_ (Q LOAD ON THE 65TH FLOOR; RECORDER © _ internal energy of the strained col- 


AT THE 86TH 


ticle, m dz, is in the neutral posi- 


“tion all the energy is transferred to kinetic energy. 4 If the period of vibration — 


is T and the amplitude of vibration is y the velocity, v, at the a Position | 


‘on The kinetic need Wr ¢ of a moving mass is - wd and the e energy in the a 


in which both m and y are functions of z. In som > cases it may be possible to 
express m as a mathematical function of z, but in any specific example the 

_ distribution of the mass over the length of the structure can be found. | At the 
t point « of maximum deflection the acceleration of the mass, m de, i is equal t to, 


‘it may be asimplespring. A 
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tion, in a plane parallel to the: 
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ak pe 


by, or om, Mae 


ation, is, 


This is the force that produces the stress throughout the contiioves ee oe. 

_ termines the value of y and, consequently, the shape of the curve of maximum 


amplitude. — In addition to this energy of horizontal motion the point, P, will _ is . 
or rise a slight distance, producing a a change in | potential energy of 


Jo 


the central to the position of maximum In Equation 


sihennes and value, although i in some cases, & 


: - dominating factor. Let Fig. 22 be that part of the frame forming the cantilever | 
- of Fig. 21, above which is a _ plane half-way between the nth and the n+ 1 


floor, or a distance, £, from the base. At maximum amplitude the structure is 
acted upon by the forces, F, shown in the 


as a pendulum, it fre be a 


and ‘the ‘moment above Ci is, 


column resists a fraction of of the P, ond a thrust, S, as well as. 
+. 


— 
= ma, the force exertec lue to its acceler- 
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"moment, M, which is not shown. ‘The values of the forces (euch as 8) are 


assumed to be proportional to the moment about Point C as given by Equation 


(100). The values of the column shears have a definite but unknown distribu- 


tion among the columns and as their sum total is equal to F they are proportional - 


=. 
to this value ‘and ma may be represented by the fractional force, af oa in which p 7 


pom 


pte and q are abstract, dimensionless numbers. The values of S are probably ap- 


proximately poopertionnl to their from Point Cc. Let e be the | 


. from Point C to any given , column and — f(a ratio of dimensionless , abstract num- 


wibution. 
to the point of counterflexure or whence, 


a8 
An 


The | energy in a column under an axial load, heaton: is equal to ‘one-half the 
stress times the strain, or, 


ssl. 
bite al W. a A = 9 A 


> 1 


: hac shear on the post is, 


_ ence in the thrusts, S, on this column above and below the joint, times the 4 
<a "distance from the joint to the point of counterflexure in the girder: veer 
Ms = (Sx — 0. 
but, ‘since S, — is proportional to F 
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a Fi 
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1 to the shear times the distance _ 
and the moment 
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Lis the length of the member. Substituting the values: 


r the energy | in the column is expressed by: fe 


an, in which 


E 2EIT :| 


- either end of the beam or column. Collecting these terms and equating the - 
energy of motion given by! Equation (9) against. _ we the stored d energy of the 


a= 


77 my dx [ 
_ Using capital letters for the dimensionless terms, which are, therefore, inde 
pendent of the character of the model and its relationship to its prototype, 


m y dx 
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= oi in which A, B, C,: D, and F are abstract numbers i in the terms representing the — 
energy: (a) Of motion of the mass of the structure; (b) of position of the mass of - iF 
_ the structure; (c) in the columns due to direct Gren; (d) in the columns due to © 
bending; and (jf) i in the beams due to to bending. “Neglecting the second term as 
small, and third as | being probably small: 70 


riting the dimensions of these | terms for similitude: 


M L? 
ALY 


that is, hes square of the period of vibration of the frame varies directly as the 
_ mass and the cube of the linear dimension and inversely as the modulus of the 
o material and of the moments of inertia of the members. _ As the mass ratio is 
- the same as the. weight ratio the formula i is the same as Equation (1). = on a 


T? =- 


The following conclusions have been suggested by the: data recorded in —_ 


me) The distribution of the ay pressure on a tall building i is very com- 


"plicated and irregular, the air currents having been broken up by the eurround- ze 
structures and by the buildingitself.§ 
(2) The action of a building under horizontal loads is plastic : as well as 
elastic, with the result that strains and deflections are not erm to the 


because the wind comes in gusts that affect a small surface. ha 
4) The deflection of the building due to the sun shining on one side of it _ 
expanding that side) is practically negligible a4 
(5) The horizontal deflection of this building during a wind storm is notable 
because of its popular interest and the small amount of data on this subject. 


(6) Theoretically, is danger of designing a building too stiff as well as 


(7) The cantilever portal metho ods of desien eve. neither cor- 


-roborated or refuted by these data. 


_ (8) The masonry igcreases the rigidity of the building ‘about 350% more 
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The design and of the i instruments | herein were made 
by the en; engineering staff of the American Institute of Steel Construction. The 
firm of Shreve, Lamb and Harmon, architects of the building, co-operated in the 
J installation of the instruments and the gathering of the data. — Many data and — 
< 1any suggestions were furnished and made by the late H. G. Balcom, M. Am 
Soc. C. E., a member of the Institute’s Committee on Research and Engineer of 
_ the design and construction of the building. F. . H. Frankland, M. Am. Soc. 
ra E., member of the Committee and Chief Engineer | of the Institute, supervised a 
the design and installation of the manometers, extensometers, and cameras, and 
the collection of the first set of data (including that for the area shown in Fig. 7). ‘a an 
_ Mr. Hewitt Crosby obtained some of the collimator data and assisted in obtain; : 
q ing some of the other readings. Alfred F. Samuel, Jr., Assoc. M. Am. Soc. 
_ C. E., installed the collimator target and made many of the readings. The — 7 
7 second gre group of readings (the vicinity map » of Fig. 6), the deflection curves, - 
and Weather Bureau reports were obtained by the writer assisted by Walter J. 
£ Jun. Am. Soc. C. E., and other students f from the College of the City of _ 


York, in New York City. The model was made by the writer in the 
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| (9) The data herein given have not shown that 20 lb persqftisanimproper 
| | value for the assumed lateral load on a building of the type of the one investi- | ie = 
. gated when in a similar environment. This leaves the masonry as an added, © yy 2 
| but not perfectly reliable, factor of safety, 
q 
q 
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CusHMan M. Am. Soc. C. E. (by letter).— —In the design 
a slender towers to be occupied by paying tenants, the proper criterion is not so a i a 
~ much strength against being blown down as a feeling of solidity noted by a 
tenants during high winds. Few cases will be found in which the requirements i 
_of sensation do not give a tower of a highly conservative design as to strength. 3 
4 The theory advanced by H. V. Spurr,!® M. Am. Soc. C. E., is adaptable toa iz 
sensation criterion, since it involves forcing the floors to remain plane, thus: 
a facilitating the mathematics of cantilever vibration analysis, and since it also” ; 
involves as an arbitrary constant the allowable static deflection, 
For the purpose of analysis for sensation, the writer would modify one es 
x (wholly nominal) assumed wind load used by Mr. Spurr. Instead of 0 at the a 
We street line and 30 lb at the top, the writer would use 0.03 h lb at the » top, which q 
There are two assumed constants to be used in modification of 
oy the Spurr theory, both of which may be refined by research. One is the abso- — 
lute allowable wind loading, a value to be used in checking the design to guard . 
3 against overturning. Professor Rathbun points the way to a method of ig 
- evaluating this constant. Obviously, it is not a real pressure per square foot, 
evenly distributed over the building; nor does it have a relation to anemometer 
readings that can be discovered by logical analysis. However, if a series = 
of readings of static deflection « can be obtained and correlated with anemom- a 
nown, it is ob- 
_ _ viously possible to obtain a nominal wind load varying from 0 at the bottom ae 


— tof(ayh at the top, that would produce, theoretically, the observed wa q 


(f(a) isa function of the anemometer reading). 
__The stiffness of existing towers must be measured in order to. analyze the as 
‘ foregoing factors. Generally, the designer must deal with irregular spacings of | a 
columns, and other anomalies. The mathematical treatment of this 
was published by the writer in 1932. 


Using» the observed period of vibration, and the: estimated actual de dead 


quantity fi the wind load previously mentioned. i is, 8 maximum wind 4 


load of some kind will be imposed by Nature, and the only question in this 
regard is to find a nominal load which, when applied to the analytical formula, — 
will result in a tower that will stand up. On the other hand, the stiffness is an 


intrinsic quality of the building definable as a ratio between load and deflection, 


be x has no concern with whether a load of that form or size could ever exist in 
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and is easily found. Using this known stiffness, it will be possi- 
5 ble, at considerable expense for research, to find, roughly, the proper coed “a 
nominal wind load for design of stability. 


; e Thereafter, a maximum hurricane of any specified velocity could be assumed 
) measured by the anemometer, and the wind ee to be used in oe 


\< There rem: remains the pr problem of secur securing proper for To 
Bs obtain an analytical description of the criterion for comfort it is necessary to 
_ know, first, the form of the function of period and amplitude that corresponds to o 


: sensation. This function has been commonly assumed to be acceleration, ‘a 
rre since amplitude i is proportional to static deflection, is described by the 
nti 


0, being the deflection and T, the: vibration per period. The conclusion 


a reached by Mallock t that there has been some experimental work indlditing — 


_ vibration reaches the 2 threshold of sensation a at an acceleration of 1% of g. a 
The vibrations involved, however, were tremors of the order ¢ of 5 to 25 per sec; . = 
the results, therefore, do not apply to wind sway. The writer has felt vibrations a 
of an amplitude of about 0.5 in. at 13 per min, which gave an acceleration of only 

— about 0.25% of g. It seems that the fooling of slow sway is different in kind ta’ 
from the feeling of tremor. It is ‘Possible that tremor may be a muscle or skin ~ J # 
sensation, whereas sway may be a sensation of the semi-circular canals. ma vady a 
_ Another seeming fact throws light on this question. If a tower of given size 
and weight were to be made twice as stiff by the addition of extra bracing, ae 


acceleration would not be changed because the amplitude would be cut in two 


and the period | would be v2, heaving Adding 


stiffness ‘to a tower without changing the weight, therefore, does not improve 


4 
its acceleration; yet it seems fairly clear from observation that the stiffer — 


If th the f function i is not qT » it seems necessary t to make tests on a shaking- — 


“table i in a pephedeabeal laboratory to find out what the fanetion is. ‘The 1e next . 
‘step would be to measure a large number of f towers for T and y, by means of the ts 
q seismograph for T and analysis using the weights so as to find y. Then, using - 
the necessary function of T and y, these towers may be e arranged in in ‘Statistical & 
order, from the worst to the best. By observing this arra array one can then pick b 
the desired flexibility or stiffness to correspond with the quality of building z 
. - desired. _ Thus, a tower can be planned so that its amplitude and period are in a | a 
class with the Woolworth Building or the Metropolitan Life Building (both i in : ea 
q New York City), or, on the other hand, one may design with just sufficient = = 
, according to the proposed use and the character of — i 
the job. ‘Buildings to be used fer sleeping should naturally be steadier than an bal ie . 
office building needs to be. Note that t amplitude can be reduced by additional 
bracing, but only with a corresponding increase in speed of vibration. Speed, 
_ however, can be reduced without saree the amplitude, by adding weight a 
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therefore, not consistent with comfort, above very limited ratio of 


The lines of research sketched herein would re require considerable time and 


towers, such research, continuing the valuable pioneer work reported by 


= = 
‘ 


Pprof., Civ. Eng., Ohio State Univ., Columbus, Ohio. 


* money, but if a new skyscraper era were to occur, with higher and more ety 
J 


Professor Rathbun, seems s necessary to obtain a rational method of 
_ for the major factor of commercial success—the occupants’ feeling of security. 
Cuybe T. Mornrs,* M. Au. Soc. C. E. (by letter)—The fact that so 
little has been published giving observed data on the stresses and deformations 
a produced it in actual buildings by the wind, makes this paper especially valuable, Pr 
even though definite conclusions and recommendations cannot be drawn from 
‘The. observations of the air currents surrounding the the building and of Ae: bs 
variation of the pressure recorded on the manometers show the futility of 


extreme in the mathematical calculation of wind 


‘From the observed deflections of the building Professor ‘Rathbun computes — 
the equivalent uniform wind pressure to have been 13.4 lb px per sq ft at a wind | 
_ velocity of about 60 miles per hr (see following Equations (4)) . if it is assumed 
the pressure i increases the square the velocity an in equiv alent pressure 


. eatizely by t the steel frame is not too conservative. Conclusion (8), that the 
- masonry increases the rigidity of the building : about 350% more than that of the 
as eae frame, must not be construed to mean | that the masonry increase 


FLEMING," Esq. forces treated in ats paper are 
determined by actual measurement from observations extended over a period — it 
7 of five years. A wealth of data is given such as can be found nowhere else. It 
4 is a matter of congratulation to the structural engineering fraternity that the 
owners of the Empire State Building made it possible that such observations — 

could be made. It is fortunate that so able a presentation of these observations 

that given in the paper under discussion is available. ‘ae 

_ Professor Rathbun states that Table 1 justifies considerable detailed study. « 

im ‘This i is true not only of Table 1, but of the « entire paper. 4. Surprising varying Fe 

wind velocities at near-by points are shown in Table 1. More striking still 

are the ee of pressure at different heights of the same building, as indi- 

cated in Table 2. This raises the question as to the allowable wind pressure 

that should be assumed in the design of a tall building. How shall it be - 


distributed? Referring to the pressure obtained by Messrs . Dryden and id Hill 
q from a model of the Empire State Building placed in a wind tunnel, , the author 
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‘FLEMING 01 FORCES ON A TALL BUILDING 

: “A comparison of the pressures on the model and those on valli buildi ing ies 

to ows clearly that the natural wind movements are not at all like those in =a 


ee 


wind tunnel.” This i is a striking sentence. — How far-reaching is its a ‘applica- 
ti ion? Incidentally, a writer on this subject has stated" of a transmission tower 
in Belgium, erected for purposes of observation, that: “The installation will 
enable the relation between the aerodynamic coefficients of a model and a afull 
= tower to be established, and will also enable work to be carried out as to | 
Table 3, reporting the } plumb-bob « observations, i is ; important. The writer 
- notes that Professor Rathbun gives the maximum deflection of the eighty-sixth 
- floor relative to the sixth floor (a distance of 974 ft), as 2.97 in. .. (see text following — 
_ Equations (4)). The casual reader may have difficulty i in a this -— 


ted that the values i in Table 3 do not “ae the maximum | 
‘tein of the building. _They are only the mean oe about which the 
building vibrates; for a maximum deflection one-half the amplitude of vibration 


‘an A few lines, ora page, could profitably have been added to sie paper on this 
subject. ‘The terms, “sway,” “vibration,” and 


Am. 100 ft, ‘center to center, of 
—_ and 1000 ft high, Mr. Spurr believes that a reasonable “yardstick” 
for a total deflection at the top is 0.001 A “which is about § in. per story.” 
i” The question may be raised: Will such a deflection give sufficient rigidity? age 
ji The literature of deflections is s extremely meager. _ Few measurements have 
_ made; or if they have been made they have not been published. Obser- 
vations! made on two buildings in .—the 17-story) 


— 


4 

“At the Monadnock Block the deflection was first observed by transits set in 


building and these observations were checked by observing the oscillation of 
plumb bobs suspended in the stairway shaft from the 16th floor. These two 
observations agreed very closely and show the vibration east and west from — 


he should be said that the dead. weight of the Monadnock Block would now 


sheltered positions at points north and south of the north and south ends of the ] 


be called excessive. This was the last skyscraper built with structural masonry 
walls. “The observations made on the Pontiac Building agreed quite closely 
with those on the Monadnock Block.” No details are given. “The wind 


registered a little over 80 miles per hour.” 
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_ it greatest amplitude of vibration recorded is from 0.5 to 5.2 in 4 
in a north and-south direction. The deflection, q = 
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tedious. For the Empire State. Building it would be; impracticable. Still, by 


a monograph, 18 published in 1912, Cyrus A. Melick, M. Am. Soc. 
records measurements of the vibration of a bent i in a 17-story building. _ The — 


that the distance traveled during a vibration is “twiee the 


_ The invariable practice in the design of steel- dement tier buildings has been — 
- to. proportion the steel frame to carry the entire wind load the column bases, : 
Professor Morris'® has stated that: stiffening effects o 
and floors should be neglected in caloulating wind reseciag 
¢ - load should be regarded as carried by the steel frame. e.” The deflection caleu- 
lated from the steel frame alone carrying wind pressure is much larger than the _ 
actual deflection. Mr. Molitor? computes the deflection of a 40-story building x 
- bent for a wind pressure of 15 Ib per sq ft, to be 6.5 in. He adds a sentence, _ 
“Tf such a building in its completed state was to vary as ‘much as 1 in. in the - 
wind it it might border on financial failure f from the standpoint of occupancy.” Ss 
» The writer has calculated the deflection of the 20-story steel frame analyz zed 


by W ilbur M. Wilson and George A. Maney, Members, Am. Soc. C. E., , in 1915, " 


ae" 


- deflection wi was determined from Mohr’s work equation, ‘evaluating the intel 


a substitution formula given by Mr. Molitor™® 


ei _ The process of calculating deflections i in a -multi-storied frame is } long and 


a 


_ an ingenious and elaborate method, Professor Rathbun arrives at the conclusion - 
“that the structure is very close to four and one-half times as stiff as it would be 
if the steel frame alone held it in “position” (see ; following Equation (1)). a 

_ _ The reason for the small observed deflections is discussed in Part II of the a 

paper (under the heading, “Introduction’’): “The capacity of a building to 
~ resist loads is not dependent upon the steel frame alone but upon the mar ik 
_ tion of steel and masonry as a unit.”” Mr. Molitor does not question any con- ws 
- clusions based on the theory of analysis as applied to a strictly engineering 

structure. “However,” he writes,? “a steel building m may be classed as an 
engineering structure only when the is bare; but when clothed with 
architectural coverings of concrete, ‘stone and brick, with steel and concrete ie 


floors, tile partitions, ete., it a composite structure, the nature of 

cannot be appraised in terms of mathematics.” 
Jacob J. Creskoff* thinks that the present practice of restricting 
stresses to the steel frame is ; contrary to common sense: “A building resembles : 
its frame only remotely, for the reason that the deflections of the horizontal 

members of the f are | by the the slabs, and ¢ those of the vertical members" 
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| plaster and the movement may be noted in other ways causing lack of erent 


"FLEMING ON WIND FORCES: ON A TALL BUILDING 


The «vertical beams” are considered to be be composed of reinforced concrete and 
_ Significant sentences in the paper by Professor Rathbun are: “Rigidity i is of 
importance inasmuch as it affects the popularity of a building 


tenants. If the structure is too limber, the fact 1 may be shown by cracks in the es 


_ in the safety of the structure. On the other hand, if it is too stiff the period -— 
vibration will be short enough to be noticeable by the tenants, thus producing — _ 
ae the same of confidence” heading “Tntroduction” in Part II). 


pe “The relation between type of occupancy and sensitiveness to motion isa 

very important one. In an office the occupants are awake, clothed, occupied _ 

_ and expected to be paid for their time. It is daylight and there are other people 
about t to give a sense of security. In an apartment house one may find himself — 
alone, in bed, and in the dark, with a storm howling outside. Moreover, if one | 
is ever subject to disturbance of the organs of equilibrium, such a condition is 3 ‘si 

_ most apt to recur after an evening. Such being the case it is inevitable that \ 
some of the tenants in an apartment tower will feel or imagine strange things, We 


and tell them to their friends.” 
. writer recalls an instance where the scream of a . girl in a dance hall led F 
to the hall being closed. An investigation = ordered and the details of the - a 


_ steel frame were found to be reprehensible. The ow ners of the building were» 
- put to a heavy expense before the hall was allowed to be re-opened. Mr. Coyle a: 
_ thinks that safety and the approval of the Building Department are not all that — 
need be considered in the design of a tall building; “there i is also ‘required a 


technique ein dealing v with the cause and cure of i imaginary feelings on the part 


Nee Of the nine “Conclusions” "in | the paper the writer is specially interested in 
Cosidieitans (7): “The cantilever and portal methods of design have neither been ag 
corroborated nor refuted by these data.”” Both these conventional 


4 


have been severely criticized. _ Messrs. Wilson Maney” pronounce the 
, 7 portal” method so inaccurate that it should never be used; and declare that the 4 
_ “cantilever” method i oll “quite accurate in some cases but may give results that ann 
seriously in error.’ A slope’ deflection ‘is presented 1 which they consider 
“very accurate.” A approximate ‘method is then proposed. As pre- 
- viouly mentioned the writer calculated the deflection of the steel frame from 4 
_ the « data given in the text to be 3.91 in. I In an apartment house such a — 
The Third and Final Report of the British Steel Structures Research hal ae 
mittee—a volume of 599 ) pages—was published i in 1936. 
methods of obtaining wind stresses, ‘ ‘such as the Portal and Cantilever meth- 
ods,” are condemned in this report, which also states that the steel frame is not 
a 


iste't in resisting wind forces. The “architectural clothing’’ has a share; and, 


* “ Mushroom by David C. M. Am. Soc. C. E., The 

Testing the Strength of by David C. Coyle, Am. Soe. Cc. 
Record and Guide, Vol. 127, P. 7) 
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“Floors are not the only dothing to the stresses in the steel 
_ framework. The fire-resisting stanchions and the external walls will play their _ 
part. * * * These tests have shown that the effect of clothing cannot be 
ignored. * * * In a large class of steel-framed buildings the floors and walls i in 
- eonjunction so brace the framework that appreciable sway due to wind is . 
__ prevented and the steel work is thus relieved of the responsi 
4 


Im the and similar statements it is pertinent ask why t 
~ conventional methods of obtaining wind stresses do not give ample security. 
Are they not as nearly correct as the elaborate and sometimes impractical — q 
~ methods that have been proposed? _ Mr. R. Gray, a British engineer, in a paper, : 
“Wind Stresses in Tall Buildings, 726 gives three methods for obtaining moments, | 
_ shears, and thrusts, of which the “cantilever” and the “portal” are the second 
and Rathbun considers that proposed methods of obtaining 
_ so-called * “exact” results are unworkable except in the simplest cases. ‘‘More- an 
over,” he states, “it is doubtful whether they are much nearer the truth than — 
- the results given by the common methods, since the influence of the walls and 
“floors, though quite considerable, is quite incalculable.” 
In connection with Conclusion (9), it is interesting to note that the horizontal _ 4 
pull at the eighty-sixth floor, necessary to produce a deflection of 2.97 in., is — 
equivalent to that produced by a uniform load of 13.4 Ib per sq ft over the 4a es. 
south face of the building (see following Equations (4)). 
_ It may be of historical interest that in order to deny the truth of current 4 ne 
_ reported deflections a communication, signed “Empire State Incorporated,” 


3 appeared i in the New York Sun of July 10, re . The communication reads: 2 


A “Please be informed that while n no o gale 1 strong enough to permit measure-— 
7 ~ ments to be made has ever been furnished by the elements in New York City, 
iti is a firm belief of the architects and the engineers who built Empire State ‘ 
that the possible swaying of the building in a 220 mile wind would be absolutely . 
‘a negligible. The highest measurement made so far indicates a sway of less than - “s 


Paul Starrett, of ‘Starrett B Brothers and Eken, firm that built the Empire 
State Building, writes in sway of the Empire State Building has 


i 


13 
i 


"mast from the was found to be two and a half inches on « 
: - The highest velocity recorded in the tables of Professor Rathbun’s paper is 
3 90 Mien hr although a velocity of 102 miles per hr is mentioned in the text 
a = heading, “Velocity of the Wind”), } 
The New ¥ York « City Building Code for str structures | Maier than 100 ft calls for 
an assumed wind pressure of 20 1b per sq ft of exposed surface from the topdown 2 


_ to the 100-ft level. By an Amendment that became effective March 24, 1930, © 7 


= 


A the requirement i in the then existing Code was changed from 30 Ib to the present ¥ 
20 Ib. Empire State Building w was formally opened to the public on May 


1, 1931. The late H. G. Baleom, M. Am. Soe. C. E., reported’ that: —- 
The Structural Engineer, Vol. XV, May, 1937, p.186. vi 
Changing the Skyline: An Autobiography,” by Paul Starrett, 
Wind by H. G. Balcom, Bagineering, V Vol. 1, May, 1931, p. 700. 
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“ratio of their resistance. yy stresses were Amor by the canti- 
lever method. The resistance was based on the relative moments of inertia of — 
the different bents; that is, the overturning unit pressure, positive or negative, __ 
taken by each column w was proportioned to its distance from the center of grav-— < 


oe The paper by Professor Rathbun is an apt rejoinder to a hope expressed by > 
J Mr. Balcom in the last sentence of his. article,2* “ * * * it is, therefore, greatly 

to be hoped that the building may be noted, not only for its height and majestic Lae 


but als f knowledge.” 
beauty, but also as a means of promoting engineering know wledge.” pie : 


1 2 phivi in this paper in » that it peer with one of the major factors in the 
ieee problem of designing the frame of a high building, safely and econom- 

: “ically. The records indicate that the wind forces’ acting on a high building 
“are not nearly as severe as most ne codes specify, and that the effect of — 


Bax 


most useful of t is is the reference to the 
initial resistance e of the masonry. Some of this resistance was found to be 
- plastic; that is, the deflection did not recover. This would indicate that move- _ 


“ment had occurred betw een some parts of the material, or, that some perma- 


stretch or compression had taken place. Masonry’ has practically no 
- ductility: and , therefore, no resistance that is not elastic, except the friction 
} pe its particles. The steel frame is wholly « elastic for loads far greater 
_ than those applied during the tests, with the exception of the possibility that — 
a - the riveted joints can slip in their holes; but this is improbable at the small 
Tf, therefore, the masonry has practically : no ductility and the steel frame 
connections have not slipped, the plastic deflection of the building must be due 
to the fracturing of some of the elastic resistance of the masonry, and then to its 
overcoming the frictional resistance to its slipping on itself or on the steelwork. — 
_ A tremendous amount of labor, discussion, and thought has been expended _ _ 
s devising theories for calculating the exact distribution of the resistance to the 3 
on these steel frames, but each investigator disregards a great many 
i actual facts which must modify the theories to such an extent that they prob-- 
ably do not agree, even approximately, with actual results. 
_ To devise an exact solution of theory for such an indeterminate stress 
problem, and one which is based on very doubtful assumptions, seems like aim- 
ing at needless refinement. The resisting frame has ; many paths of resistance; P 
it is composed of a material that has considerable ductility and elasticity of 
about twice the amount that is ordinarily utilized in design. — Structural design- 
ing is restricted and influenced far too much by arbitrary application of unit” 
& stresses and other limitations, which are applied impartially to the computed © 
7 stresses in members. Some of these members must resist the stress — 


Cons. Engr., Dominion Bridge Co., » Ltd., Montreal, Que., Canada. 


ae “Tn wind calculation. the floor construction was assumed to act as a rigid a = 
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4 ‘ | - forces on the sides of the building are very erratic and may create torsion in ‘a 4 
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«assistance from adjacent t members, | whereas others, when overstrained, will, 
automatically bring other paths into increasing assistance. 


— Roughly stated, in designing the frame of a comer building the p present custom > 


> 


to consider ‘it on the following b bases: ofl 


(1) of an frame for calculating the vertical loads; 


(2) As composed of independent portal bents with rigid joints for calculat- 
(3) That the wind loves is a uniformly applied load; and 
_ (4) That the steelwork is assembled and fabricated without havi ing initial - 


strain or r slackness, and that it is wholly an and Perfectly el elastic. 6 
In actual practice not one of these ‘conditions is is quite enceeet but it is a 
9 ‘sumed arbitrarily that they are all correct, and on that basis the stresses are pe 
calculated and the material is strictly porportioned. = 
_ The important questions raised by the tests in this paper and which h require _ % 
further investigation are: (a) Whether the great proportion of resistance that 
5 the masonry exerts against the wind forces will be maintained when much higher _ 
8 winds occur; and (6) whether, or how much of, this resistance will be fractured 
’ and, therefore, destroyed before the 1 wind forces reach their maximum intensi- 
q ties. There might be much i insurance against partial damage to the masonry, as : 
ete, , should severe winds occur, by utilizing more fully the potential stiffening 
‘ “effect of the many anchoring it firmly to the steelwork, and even reinforcing — 
ees hese tests show how very problematical are the assumed forces and re- 
_ sistances which are commonly used - the bases of the theories and calculations — 
_ for designing steel building frames. _ They indicate that a building should be © 
- treated more as a monolithic w laces rather | than just as an independent frame 
~ composed of supports and bents. It is especially important to guard against — ; 
details that have planes of weakness or relatively excessive or sudden changes _ 
stiffness, w where strains w be dangerously concentrated when ‘meeting the 


Lyprx 8S. Esq. (by letter). —A series of interesting is 
tape in this paper, which contains information of great value to the student ee 
of structural engineering. _ From the point of view of fundamental knowledge ," . 


that engineering and experience should be given greater latitude. — 


of the dynamic behavior of a building, the author’s observations of the longer of “i 
_* fundamental transverse periods of the Empire State Building is especially — 3 
illuminating and is in good agreement with numerous observations made 
- Pin) Equation (1), in Part II, appears to be somewhat misleading since it applies ri 
_ % only to ratios. ~ In other words, Tis not the period of vibration; it is only the — 
- ratio of what Professor Rathbun calls homologous times. | , W is not “ 
_ the weight of the building or of the model; it is only the ratio of homologous a 
wd = or masses, ete. Aside from this | obvious it is extremely 
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4 influence of the foundation on the fundamental period of the actual 1 building is 
not well known quantitatively, it was probably not considered in the model, sO 
4 that the 17.8-sec period obtained by the model must have been based on the 
assumption « of an infinitely rigid foundation. ii With this in mind, it is obvious 
that the stiffening effect of the masonry must be somewhat greater than the 


and Geodetic Survey on buildings at different stages of construction, s support 
the view that the masonry walls may stiffen the structure as much as ten times - 
io It is also of great interest to note that between 1932 and 1934 the ened i 
period of the building decreased from 8.38 sec to 8.14 sec. One wonders if the 


present period of 8 of 8.25 sec indicates an actual lengthening since 1934, or if the 
methods of measuring the periods are really of three-place accuracy. The 
; author’ s explanation that the shortening of the period i is probably due to an 


plausible, especially if the least known part of the structure— 
| _ which it stands—is included. It is suggested that a time record or inhale 
determinations of periods be ‘Rent 
ae The fact that the building does not have a _ unique position of static equili- | 
brium, as indicated by the collimator observations, is significant. Undoubtedly, 
it must be given the author’s interpretation as s being due to plastic action, within ~ 
the structure itself, although even in that case the ground effect, if it is non- 
- uniform over the foundations, may account for part of the wandering of the 
middle position of swing in still weather. 
Considering ‘the well-known fact that wind structure, especially during 
storms, is a very complicated phenomenon, it is not strange that the simul- 


(1) r relating to the and irregular distribution of 
_ pressure on a building is amply warranted by even a cursory glance at Table 2. 2 4 
Iti is further corroborated by common-sense observations as well as by the afore- 
The author’s derivation of formulas, beginning with Equation (5) and ending 
with Equation (20), is extremely involved considering that the result (Equation © 
(20)) can be written down almost a priori and that Equation (19) simply shows, _ 7 
in integral form, the | sum of some of the potential energies divided by the © vee 

kinetic. Since the author agrees with other investigators about the great 
- stiffening effect of the masonry walls, one is surprised to find that the oa tS 
involves only ' the usual “static” framework consisting of columns and girders, 
and that the more important members—the walls—are entirely neglected. _ 
The writer suggests that, if an explicit formula for the fundamental transverse — 4 


Preliminary Repts. of U. S. Coast and Geodetic Survey’s California Selamological 
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ade converted to the prototype dimens 
_ interesting to note that the model period co ) —_— 
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of the Empire State Building differ greatly. O 


= 


we tay 


4 accurate Howeve ever, the step-by- ake ‘method of calculating the | 
is patently indicated for a yay artes of as complicated an outline as the Empire a 


to the knowledge of the dynamic behavior of buildings. 
om Francs L. CASTLEMAN, _Jr., Assoc. Am. Soc. C. E. (by letter).— 

_ The Technical Research Committee of the American Institute of Steel Con- i 
struction, and the owners, architects, consulting engineers, and contractors — cs 

for the Empire State Building are to be congratulated on the foresight shown | 
in equipping this building in such a manner that pertinent data on wind and oa 
_ its effect could be recorded. Professor Rathbun has presented an interesting ae 
and worthy paper describing these data and it should stimulate interest in 
their proper ev aluation. Quantitatively, many more large-scale experiments * 
appear necessary before any definite interpretations or conclusions can be 
drawn; but, qualitatively, the data submitted nape to clarify and sustain some E 
common conceptions on this intricate subject. _ ab Yo 
Constructive criticism would point to the relative the paper. 
As the work extended over a period of five years, considerably more explanatory _ 
_ data might have been inserted at the expense of brevity. On first reading, 7 
_ the paper appears somewhat voluminous, but on detail study the writer thought 
‘ certain parts meager and fragmentary. 
a ? ‘Although this building is monumental in that it is the tallest « a z 
there is a particular property it has in common with many other buildings; 
d ‘namely, the ratio of its maximum height to its least width is less then s: 
“i A maximum height of 1 049 ft and a least width of 134 ft are assumed. This: 
- feature i is emphasized in the hope of encouraging like studies on buildings “a 
a similar ratio, but of not such great height. _ The writer knows of 7 
_ A theoretically correct mathematical analysis, taking all nun and their — 
=. ‘combined effect into consideration, would be difficult for a structure of this _ 
nature. The bracing in the central bays around the elevator shafts, plus the 
{ shallow “knuckle’ ’ wind-bracing, constitute a combined system which, = 
_ considered as a unit, forms a complicated bu but effective oman 
- should be borne in mind when ; interpreting 1g much of the data submitted. 0 
ae stated in the paper, the plastic action of the surrounding material pk 
ordinary wind lente 
even at high wind loads. In the present “state of however, it is 

_ doubtful whether these materials should be counted at extreme lo loadings, as 

- their beneficial effects under such conditions are are reduced. Extreme loadings - 
_ occur perhaps only two or three times in the life of such a structure; wrt on 


occasions it must be able to sustain them a adequately. Mr. ‘Charles 
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EMAN ON WIND oe A TALL BUILDING 


sickeningly. _ There were e plenty of towers in which ae employees became b+ 
seasick during that stormy afternoon. * * * A good r ‘many were excused from 
work, ” These remarks from a layman | should be convincing in themselves. 
Although the Empire State Building is much higher than its neighbors, 
the latter will have a considerable e effect on the resulting action of the wind. 
‘Until wind- tunnel methods are modified to make allowance for this effect, Pe 
as well as other factors, experimental data based on such methods can be of 
The wind records given in Table 1 are particularly enlightening and, 
as the author states, justify considerable detailed study. — Twenty- three items 
in this table show wind velocities of 50 miles per hr, - more. Using the — dr 
well-known relation, p = 0.003 V? for a 50-mile wind, p = 7.5 lb per sq ft; = 
- for a 70-mile wind, p = 14.7 lb per sq ft; and, for a 102-mile wind, p = 31. a 
Ib per sq ft. It is assumed in the foregoing that true and not ir indicated ve- 
locities are dealt with. (Lack of this distinction is a source of continual a. 
annoyance and error in many published data.) In the storm that swept over 
a part of New England in September, 1938, an Associated Press Dispatch of © > a 
P September 23 stated that wind gusts of approximately 173 and 186 miles per 
+ were recorded at the Harvard Meteorological Observatory. In design, q an 
usually, the average speed over a few minutes is considered satisfactory, but 
there is a school of thought which maintains that extreme velocities should be 
used. From thé data supplied, and considering its erratic nature, it would 
seem that 20 lb per sq ft taken by the frame alone is not over-conservative 
in the vicinity of New York City. Table 1 indicates ‘that the pressure varies 
with the height (which has long been known), but that there appears to a 
no discoverable law of variation for such a densely built area. _ Many building 
codes allow for this condition by 7 varying the pressure approximately directly - 
as the height, with certain fixed limitations. Considering the present state of 
knowledge this may be a wasted effort complicating the work of the structural — 
engineer. Until more data are forthcoming, the best that can be done is to” 
we a sum total effect that approximates the actual conditions in the light of 
present-day knowledge, in an endeavor to produce an adequate. structure 
from ‘the standpoint of human safety and comfort, rather than from that of 


From a meteorological viewpoint three weather bureaus on Manhattan 


‘Island may be sufficient, but from the standpoint of the structural engineer, 
or rather the data that should be furnished to him by the y matearclogiet, this 
* Fig. 8 seems to indicate that on the windward side of the building the 
air currents tend down, whereas on the leeward side the tendency is upward. 
yy Fig. 8 is indicative of a single « observation it would be interesting to know — 
if this is true in general, or even approximately so. The manometer readings — 


— 


exhibit qualitatively the complex action of the wind and the great variations 
in pressure both positive and “negative. However, as Professor Rathbun 
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“New York Day by Day, McNaught Syatiente October 5. 
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‘WIND FORCES ON A TALL BUILDING 


A states, they are not a be taken as ' giving a true picture of the 4 actual ware 


weight covering, a1 and considering ‘similar future advances, this might not 


author has made computations assuming the structure to be a canti- 


lever, applying the formula, s = As he states, 


presupposes that the twenty-fourth and floors planes after 

— elastic action from wind has occurred. - With the use of the “knuckle” wind 3 

i connection, this is ; questionable. Although this type of connection has s strength, ros 
it is relatively deficient in stiffness. me Such computations should be sccepted 


or rdehalins of the basic principles of the portal and cantilever Bienes of = 
” A: 
_ analysis,” the writer cannot: help but wonder why the portal method was not 
at least touched upon for ¢ comparative data. ui However, it is only fair to state 
that for this building, with a double type of wind-bracing, any method, theo- — 
retical or otherwi ise, will be difficult to apply as the division of | of wind loading 
between the two systems leads to complicating ramifications. 
_ Itis stated that the plasticity of the surrounding materials has a dampening 
effect on the | vibrations, but does not alter the period. This is true but does — * 
tell the entire story as to ultimate p possibilities which might occur. Al- 
though the possibility is remote, the e disturbing wind forces s might sometimes % 
- approximate a periodic nature for a a short interval setting up a tendency s 
Be toward a forced vibration. If the frequency of the disturbing forces i is seriously * 


‘by chance. the two frequencies are equal, or r only approximately so so, the 
in In computing the equivalent uniform load by mean means of the model and 
"graphical integration a minimum reading of 3.26 in., as given in Table 3, under S 
Item No. 115, might be a more conservative val value to use in the absence of Be 
_ detailed explanation. > The deflection would then be A = 3.25 in. The ratio € 
this to ‘that produced by a 1-Ib load on the model would be 
= 66. 6. The: new horizontal pull at the eighty-sixth floor n necessary to 
_ the curves of Fig. 18 the same deflection would be produced by a uniform load 


the of 14.24 Ib ad ft negative as well 


as positive pressure). AS 


It would appear that | as) term. direct are, 
81, in a beam at any floor level will be the of 


a 
a 
has been shown to be negligible on this building, the writer would be wary aa 
ec tn apranting thie in nrineinie With the ranid develonments made in light. 
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under axial load | is, ‘we 


and for all beams it will be, ad of 


Using | capital letters f for the dimensionless terms this w ill reduee multi- 


The term on the. right- hand side of Equation (23) should appear in the 
- hand side of Equation (18). If it is admissible to neglect the third term in a.) 
‘ Equation (18), the term developed in Equation (23) can probably be neglected. 
For tower buildings the axial distortions of the columns are considerable and — 
itis a question as as to whether the third term in Equation (18) should be neg- 
: lected. If it were necessary, to consider it , much of the work of the author’ . “ 
paper might be invalidated as the area of the columns and beams of the model 
— does not bear the proper similitude to the building itself. More information _ 


a concerning the building and model would appear necessary to evaluate properly Z - 


4 


ae B. Assoc. M. Am. Soc. C. (by letter).—The subject 
of stresses in building frames due to lateral forces is as complicated as it is _ 

important. It is a problem that may be broken down into a large number — 
of subdivisions, each one of which is so complicated as s to discourage the hope — 

_ of satisfactory solution without extended studies and research. It is only by 

_ the constant investigation of the various problems involved that satisfactory — 
_ methods for the design of the frames of tall - buildings may y eventually be 
discovered. Professor Rathbun’s data and discussions are jad helpful 

_ inasmuch as they are based on the action of an actual | building. x &, } 
‘The stiffening effect of the ‘masonry of a building, as Professor’ Rathbun 
states, is a problem of considerable importance. _ Although it is undoubtedly oe. a 
important under most conditions, it is probably true that the stiffening 

of the masonry becomes. less importance as the loads increase. In the 
4 First Progress Report of the Committee on Steel of the Structural Division 
(Sub-Committee No. 31 on Wind 1 Bracing i in Steel Buildings),* the e suggestion Le 


$ was made that judgment as to the stiffness of a a building be based on-& ‘a deflection p 
q 


ai 


Civil Engineering, March, 1931, p. 478. 
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WILBUR ON WIND FORCES ON A TALL BUILDING | 
| shear below and above the level considered. Therefore: > 
which p; and q; are abstract dimensionless numbers. The energy in a “3 
— 
— 
— 
IT 
2 
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~~ 


13 a _ frame (under maximum wind load and assuming the frame to carry the entire _ 
is aa wind load) divided by the height of the frame. It was recognized that under ii 
normal conditions the deflection index corresponds to some multiple of the 
4 deflections that will actually oceur, but the deflection index was suggested, 
q nevertheless, as a convenient standard by which to judge the probable stiffness 
be a 7 2 of a building. Although the use of the deflection index is open to criticism 

fs oe: ra because of the fact that so much is left to judgment, in respect to the stiffening 
q . - effect of masonry, the writer knows of no better practical approach to the 

: = problem. Some of Professor Rathbun’s data should be of real value in applying 
the judgment factor in the use of the deflection index. 
_ When one wishes to make use of the deflection index, tive question arises 


as to how to compute the deflection of the top of a building frame under the = 


action of lateral loads. If a complete analysis of the frame has been made, - ; 

this is easily accomplished by considering the action of one column stack by _ 
itself, and applying the moment-area method. It is often desirable, however, 
Ps to estimate the deflection index without a complete stress analysis for the ce uP 
 - frame. _ Investigations by the writer have shown that deflection computations — 
‘s _ based on moments as analyzed by easily applied methods, such as the iq aoe 
cantilever methods, are likely to be seriously in error. the belief 
that an n approximate slope deflection solution might be used to adv antage in 
this problem, an investigation was conducted, in 1933, under the 
ba of the writer, by William Niessen, Jun. Am. Soc. C. E., and Mr. R. J. Stod- ga ie. 
dard a The procedures followed were similar to those suggested by the writer 


¥ 


in a previous publication dealing with an approximate slope deflection de- iy 
termination of moments in building frames due lateral forces. The 
‘method of distributing wind loads to the bents of a building which resulted ee 


from, this investigation has been presented elsewhere,® but an interesting 
_ result of this research, which was not cited at that time, consisted of amethod | t 
fa for determining the deflection of the top of a building bent, which is not only iat 
easily applied, but which is reasonably accurate. In the of that. 
In Equation (2 (24), all apply to one bent only, as follows: 5, = 
pply 
— increment ‘to horizontal deflection occurring in a given story which i is Seaoted ce. 
ic, by the s subscript, 0; Ho = = . total horizontal shear on the given story; he = = = height ae = 
of the given story; E = modulus of elasticity of the material of the bent; 
K= for a member, in which I and L of inertia and length, 
respectively, for the member; Keo = the sum of the ‘K-values for all the f 
A Theoretical to Determine Proportion of Wind Pressure Carried 
ae _ by the Various Bents of oo Buildings,” by W. Niessen and R. J. Stoddard. Submitted, 2 { 
ty _ in May, 1933, in partial fulfillment of the requirement for the degree of Master of Science. i a ‘ 
i A New Method for Stresses due to Lateral Forces in Building Frames,” { 
Distribution of ‘Loads to the Bents of a Building,” by John B. Wilbur, 4 
4 
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= sum of the K- sala fo all | the girders of the floor directly below the 7 


sch 2. hé 
3 In nation (25), = equals" zero for the basement if the columns are 


+o considered. as as fixed at their base, since this condition i is pombusad? to girders 


Equation (25) may be ‘directly for given bent, if the loads 
= on the bent and the make-up of the members are known. Comparing» 


the deflections of the tops of nine different bents of varying arrangements : 
and sizes as computed by Equation (25), with corresponding deflections based 
on so-called exact solutions by the slope deflection method, it was found that 
the average error resulting from the approximate agers of Equation (25) was f 
3 5%, whereas the maximum. error was 13.5 per cent. In view of the fact that pee 
deflection indices based on these deflections would be used only as a guide to , 
= judgment in estimating probable building eenat,. the accuracy obtained i is 
undoubtedly sufficient for practical purposes. 


R. D. SPELLMAN,® Assoc. M. Am. Soc. C. E. (by 
St the effect of masonry upon the rigidity : and strength of a building against wr: an 
pressure, as treated in the paper by Professor Rathbun, the writer would like 

ae to call attention to some observations made in Miami, Fla., after the 1926 Pb 
hurricane. — All the larger buildings in Miami, and especially those few which . 
Pie were structurally damaged by the hurricane, were inspected by the meric. 
es Pex In most of the buildings damaged some some kind of wind- bracing was was included Rie 
ee in the structural steel frame. Several were quite thoroughly designed, and, 4 piety 
ed in others, the wind-bracing was covered by calling for top and bottom angles in a 
= the specifications. However, there was no apparent relation between the =i * 
as amount of the wind- bracing provided and the damage done to the diferent 
buildings. Some of the better designed buildings were damaged toa greater 
ae extent. than others with practically no wind-bracing in the structural steel 

= frame. The writer suspected that this inconsistency was due to the ‘oom ia : 
mr: effect of the masonry. Calculations were made for each building to determine 


Engr., Rust Eng. Co., Pittsburgh, Pa. 
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| ‘a Whee! the calculations were made, a value of 60 lb per sq ft was assumed — 
=a 8s the maximum pressure reached during the hurricane. The unit shears 4 
= Ea; varied from about 40 Ib Ib per sq | in. to 1101 Ib per sq in. i in the Meyer Kiser Build- 3 
= ing, w which failed completely near the sixth floor. Another building which 7 
An had a unit shear of 75 lb per sq in. was damaged quite badly. As the shears q 
were. reduced to nearly 50 lb, the damage was quite small, and one building 
a. with practically n no wind- hensing, but with a unit shear of about 40 lb, had 3 


oe only a few cracks in the plaster on the first floor. This building, however, was s ¥ 


as All the foregoing calculations were made hurriedly and no specific value should 
unit shears on the masonry walls of the buildings, and perhaps to show about out 


w am better protected by other buildings than most of those damaged severely, __ 

a i be attached to them, except to note that the damage was in proportion to the a 
where damage may be expected to begin. All the aforementioned | buildings 
were between fifteen and thirty stories high, 

buildings i in n Miami, and | especially those referred to > herein, are con-— 
_ a structed with light 1 masonry walls; buildings of the same class in New York 2 
_ City, or other parts of the United States, would have 50% to 100% more cross- a 
mane Iti is : not the writer’s intent to leave the impression that damage was caused ee. 
: to some of these buildings in spite of the fact that they were provided with 

adequate w wind- i-bracing i in the structural frame. Had they been properly de- 
ss signed, it is certain . that no ‘damage e would have occurred; for example, boil 


Congress Building had been carefully designed for a wind pressure of 25 ie ‘i 


— of 


i ns 


Bx i per sq in. and, at the time of the hurricane, had ‘Teached t that stage inthe 
construction | at which all the exterior walls were completed but few of the 
iF interior walls and partitions had been installed, giving it the maximum wind Re ' 


a 


Commenting on Conclusion | (8) of the | paper, it would seem that in ‘some 4 
instances, depending on the proportions of the building and the quantity and > > 

distribution of masonry therein, a substantial saving could be attained safely a am 


by omitting the wind- bracing i in the structural frame. This" might apply 
4 is the entire building, or to the upper parts of most buildings. _ Perhaps the point , am 


at which this wind-bracing might be omitted could be determined atacertain 


shear on the ‘masonry walls. the unit shear exceeded this value, 


the entire load would then be by the structural steel frame, and the 
masonry disregarded | both for for strength a and ‘stiffness. 


ie" answer hitherto published, relative to the actual functioning of the steel frame — Bet 
Rak of a tall building, is contained in this paper. The author’s findings, based on | 
the observations and measurements made during high winds, at various times, 


over & period of years, constitute a valuable contribution to knowledge. 


Davin A. M. Am. Soc. C. E. (by letter)—The most complete 


4 on he assumptions which have served as criteria in formulating ‘methods for 
4 _ the design of tall buildings, crude as they are, have generally given very satis- 
factory results in tenantable structures. However, these achieve- 
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MOLITOR ON WIND FORCES ON A TALL BUILDING 

progressive from smaller to taller buildings were by actual 
S - structures, each time after venturing a little higher than in previous cases; —_— 

and now the profession n learns from a large full-sized model (the Empire State P<) 

- Building) that the assumed design unit stresses for resisting wind loads are 
_ about three times those actually occurring in the steel frame when subjected a ; 

to such wind loads; and, that the maximum deflection at the top of the canti- 
oe is only about natin’ as much as would be expected if the steel frame __ 4 
were fully loaded and stressed according to the design assumptions. = = ~— 
years ago the writer attempted to appraise the relative stiffness of 

8 building frame as affected by the contributing : stiffness of the architectural a 


clothing,’ and, strangely enough, arrived at a conclusion which is now found 
to check remarkably well with the results of the actual measurements obtained 
on on the Empire State Building. . These findings prompted the writer to express — 
the opinion that all refinements pertaining to wind stress analyses in pone 


The probable deflection of this 
would not exceed 1.5 in., leading to the conclusion that buildings thus designed 
would deflect three to four times as much as they actually do. In other = 
the architectural clothing, g, and not the steel frame alone, is responsible for the +f 
-‘Tigidity found by experience to be manifested in present-day tall buildings. 
ae ere it not for the inherent rigidity of the architectural clothing of the steel _ : ¥ 

“frame, current design assumptions would be seriously deficient. Fortunately, 
EE combination of a flexible steel frame, designed for certain wind loads and ‘s 


unit stresses, with a comparatively ‘Tigid fill material such as concrete , does % a 
produce tall buildings with tenantable rigidity. There is one ne mitigating circum- 
stance which makes vibratory more tolerable, is the 


‘penne in the paper, it would rw very risky to adopt any changes in -- 
. present ‘methods of design, or to choose different kinds of steel such as silicon 
steel, with higher unit stresses which would result in more flexible frames, ae 4 e 
4 incurring the danger of introducing new « difficulties which might easily result . 
$. in untenantable buildings. If such an error of judgment were committed in BZ, > 
is, a a design, the result might produce failure of the financial undertaking. = 8 ia bt 
ae. It would be highly « desirable to have similar measurements made on other s 
4 new buildings so as to add more of the valuable data to present knowledge _ 
~ this subject. However, the irrefutable facts presented in this paper should 
i put a quietus on most of the theoretic speculations indulged in 1 by writers on 
this subject, and designers should continue to use the 


Nee ark 


ead to satisiactory and economic construction STONE: 
The deflection of a 4Nestoryv hnilding frame wae cramniuted ton he & on 
and the degree which the steel frame alone contributes to this factor, « E 
the severe load assumptions, is, in relatively to supy 
4 
— 
“a 


ON WIND F FORCES ON A TALL 


Gray, “2 Jun. Amt. Soo. y letter).—Adding to 


ay 
a ate contracting és a neck at a distance of about 100 ft from the structure = 
_and then suddenly spreading again to dissipate itself in the direction of the 2 
wind. _ The phenomence: was visible from th the street level since the concentra- ns 
of fog in the “wake” caused it to. appear darker om the surrounding 
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‘This “ “wake,” similar in character to the phenomena: explained in texts on 
_ aerodynamics, substantiates the existence of a negative pressure on the far — 
side of the structure, which characteristic i is indicated by the manometer tube — 3 
readings i in Fig. 10 of the original paper. . At the time of the. 1e observation, air 7 A 
¥ currents close to the building indicated only vertical movements on the north 4 | 
face. The observation was made at a time ¢ of low wind as s shown 


() 


the anemometer at the top o 
heavy fog failed to indicate that the visible occurred at higher 4 
velocities. observations shown in Fig. 23(b) were taken under fog 

<4 conditions similar to those of Fig. 23(a), but no “wake” was ‘seen in the case 

of the higher velocity. It would appear that although a negative pressure — 

7] exists at higher velocities, its its visible ev evidence is destroyed by the gusty char- 

K. L. DeBuots,# Assoc. M. Am. C.. E. (by letter).—The vibration 

— tests on the model as described under the heading, “Description of the Models,” 4 4 

_ provide an opportunity to measure the damping. The shape of the > cures 


Eng. Asst., Dept. of Public Works, New York, N. Y. 
Engr.-Structural, U. 8. Engr. Corps, Pittsburgh, Pa. 
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A “TALL | BUILDING 


a 
> shown i in ‘Fig. 2 20 diets that iain is due to elastic or internal frietion of 
- the material, and, being proportional to velocity, the damping has the effect | Bs 
reducing the oscillations in geometrical progression.“# 
n 


‘aot The equation o of the curve connecting the extremities of the oscillations i 


in which ap is the initial amplitude; a, is any sueceeding amplitude;¢ = t= = elapsed Ae 


Lis From inspection of Equation (26) it is evident that any convenient t scale Ps! 


may be used to measure a and a,. . Using Fig. 20(6): Og = 0. 27 in. in. j Or = 0. ol 


these values in Equation (26): 0.01 = 0.27 = 0.27 from 


which, by logarithms, 0.131, and the damping factor, = 0. 90. “This 
: "damping factor expresses the rate at which the vibrations tend to disappear; 
_ that is, the amplitude of any vibration i is 0.90 = the amplitude of the preceding © 7 
on the same side of the axis. * 


a of 8.25 sec, and assuming that the ratio of the amplitudes after 31 vibrations is 


- the same as in the model: ¢ = 8.25 a : 255.5 sec; and, 6 = = 0.002. oe 
ALBERT M. Am. Soc. C. EL letter)—A large mass of original 
data i is presented in this paper, which should be analyzed carefully to reveal Py 
_all the information it will yield. From Table 1, the writer took all the items in 
_which the velocity was as great as 30 miles per | hr at the Empire State Building, 
and separated them into 16 compass directions. _ For each direction the average 
of the velocities was computed for the Empire State, the Daily News, and the 
Whitehall Buildings. (It is assumed that all readings have been corrected, 


and can be compared.) The numbers of readings are plotted in Fig. 24. _ The 
approximate effective depths of wind current are as follows: - 


Empire State a 263 — - 100). 


@ 
hin a horizontal arc of 247 
, 


The dotted li line for the Daily News Building and the full line for the White- 


hall Building show ratios of the average velocity i in each direction, to the av- ae ; 
erage velocity at the Empire State Building i in the same direction. Within 


Building on ‘hs velocity of west northwest winds is ‘clearly visible. an 
are - 247° the Whitehall Building has t a larger wind current depth than the 


"Building. One would not expect so great a an increase in a velocity between 500 
” ft and 1 200 ft of height. — These data seem to indicate that the idea of using a 
a _ uniformly i increasing pressure, advanced by H. V. Spurr, M. Am. Soc. C. E.,?° 


Glee “ Area, Vol. 37, No. 380, October, 1935, p. 28. eee : 
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cate about four times as much pressure at the top of the Empire State mag 
as at the top. of the News Building. 0 it is likely, however, that the “20- “yr 


wind,” of much greater velocity than any measured i - these eK - have a a 
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_ velocity more nearly uniform above the 500- ft level. Returning to the com 
_ sideration of shelter, winds from the south southwe: est a appear to have a clear 
b sweep for a long distance before reaching either the News or the Empire State ‘on 
_ Buildings, and one might expect the News velocity ratio be be high for this Bes 
4 direction, instead of which it is about av. erage. On the whole, there seems @. | 
be no evidence that anything except the very high Chrysler Building affects — 
velocities at the News Building, and that therefore the velocities at the Empire | 
- State Building have not been reduced by the influence of other buildings. ut a 
Readings.—The writer can see possibility of error in the 
4  ——- for these tests. In a multi- -story building there may be a  differ- 


in interior air at different stories; but the difference i is 
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openings were very different i in length, Tubes No.3 pars No.8 (Fig. 4) would be 

“much more responsive to gusts: than the others; but this. should not cause large 

a errors. There are a large number of cases in which the approximately simul- 
__ taneous readings at the stations on the same floor are of magnitude : and sign 
that contradict all previous data from ‘manometer readings. _ It may be that a 
the 90-mile wind illustrated in Fig. 10 changed 90° between the readings of the - 

4 two sets of five tubes each, and that this accounts for positive readings at both 

-_ Tubes No. 7 and No. 4, but the writer cannot account, in Fig. 10(c) for readings 

+ a 90-mile wind of simultaneous pressures at Tubes No. 6 and No. 10. He 


suggests that the sign for Tube No. 10 has been recorded in error. . The a 

same comment applies to the reading on Tube No. 10 at 50 to 60 sided per hr 

(Of thirty-seven complete sets of observations for the seventy-fifth floor, 

j eleven contain readings which contradict each other, and all sets exhibit slopes 

is the pressure diagram which differ very — from all those previously — ml 
recorded. The air tunnel results of Messrs. Dryden and Hill are consistent 

5 and explainable. Although the structure of the air that blew against the a 
seventy-fifth floor was more variable than that in the wind tunnel at the Na- 

Bureau of Standards, it was: probably less” complicated than that in 

| which the writer’s observations were taken on the campus of Purdue University, — - ~ 

Lafayette, Ind.“ When plotted, his results were consistent internally, except 

4 such variations as s should be in winds and near the ground, 


revises his ideas of how the wind forces are distributed. 
a 

computed for the observ ed velocity, but many do not. 

No. 10, Table 6, with the same velocity and direction of wind, show apres of — 

+223 and —343, respectively. Observation No. 26, during a south southwest >) 

wind of 30 miles per hr, showed a column stress of —488 lb per sq in., which — 

would check quite well if it had been +488. Observation No. 28, ‘during a a a 

south southwest wind of 18 miles per hr, showed a +59 Ib 

in. , which, although correct in sign, is low in amount. 

There is no mention in the description of the ineulating precautions. 
doubtedly, some precautions were taken, but it is possible that they were ‘not a 
adequate. largest fiber stress derived 1 corresponds to about 4° differential 
= . temperature between the rod and the column, and when the effect of a cold - 

_ wind on this column above the twenty-fifth floor is considered, and the rapidity LA 
I with which the twenty-fourth-story column would lose heat, it seems. clear that ya 


measuring rods should be insulated ery or that exact temperature 
pare 
a 


“Wig. 12 indicates 


The tests prove that 
— Wind Pressure on Buildings,” Journal, Western esas of Engineers, December, oe 
1912; also, Wind Loads on Buildings,” loc. cit., — 191 14, 
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‘BERGMAN on WIND FORCES ON A TALL BUILDING 
"the eighty-sixth floor does not return to the same e position on each time when the 
_ wind becomes still, and that it is held away from the unstressed position a dis-— 
tance of the order of 0.5 in. a The The explanation of of this phenomenon lies in the 
_ masonry ‘envelop, which is of enormous stiffness against lateral forces, and has” 
_ little strength. If it carried its own weight it would have great resistance to -/ 
_ horizontal shear. a Since it it is supported at each story, the top layers of masonry z 4 
in each story ‘slide | under horizontal s shears, and the frictional resistance to 
_ sliding back prevents the building from returning to a zero position and keeps — 
8 small stress in the steel frame after the wind s subsides. Except for this yield- 

ing g resistance of the masonry the maximum deflections would be somewhat Te 
greater. In some of the top stories the masonry may carry nearly all of the _ 
wind | shear, whereas i in the lower ‘stories it carries only a small part. . In the 4 
_ lower stories the resistance of the ma masonry will not increase much as the wind : # 
force and the deflection increase. It is for this reason that structural engineers 
should neglect the resistance | in ‘designing for wind loads. In 


» 


part in the period and amplitude. The structural de 
signer probably cannot do much to affect the vibration. . The window area, 

_ type of masonry, and the character of the joint under the spandrels | are more 
"influential i in respect to vibration than the stiffness of the structural frame. __ 
_ A total deflection normal to the long axis of only 1.75 in. seems very small, 
but this was s under a maximum ve velocity of only 50 miles per br. a4 Under 100 Ae 
miles per hr the force would be four times as large, and many masonry joints, 
"heretofore unstirred, would open and i the deflection. 


R. Berean,” Assoc. M.A Ax. Soc. Cc. E. (by letter) —In Part I, 
under “Introduction,” Professor Rathbun states that “Rigidity is of con- ay 


importance ‘inasmuch as it affects the popularity of a building with 


_ tenants. ” This aspect of the problem is naturally uncertain and debatable. _ 


7 Bs ipiakins a structure that is too flexible may show a a definite economic loss to ad 


the owner because of increased maintenance costs directly ascribable to lack of 


_ The w writer has in mind ar an office building y with a tower extending upwards — 

beyond the 500-ft level above the street. "After every heavy wind storm con- 

_ siderable plaster cracking is reported. For example, on Sunday, January 22, Le 
q 1939, the wind velocity rose to 56 unfles per hr; the next day no less than sixty- os #] 

one com plaints concerning g cracked plaster deluged the maintenance e department en 

_of the building! * might be expected, most of the cracks occur in the lower a 

1 stories of the tower. They appear in the plastered gypsum block partitions, 

usually horizontally at the ceilings, or vertically at the ends. Apparently the 


_ eracking does not occur in the plaster on the brick panel walls, the par Hey 


‘That this building | sways during a heavy is even to a 
_ casually observant tenant of any of the uppermost floors. Some of the electric- a 
light fixtures are suspended f from the ceilings by means of tubes which have a 


~ universal joint arrangement : at the u upper ends. At times, their movement _ 4 


Estimator and Godwin Constr. Co., New York, N. Y. 
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a heavy gale in 1938, two young women were ‘permitted to leave 


their work to go home, following their pleas that they were suffering from 
Strangely enough, the tenants, with the foregoing exception, 


Evidently the ‘ ‘scientific’ on the as “lad ‘Tadled out” by the 


"pertaining to ‘the ‘effect of m masonry on a a structural steel building frame, the 
author has certainly stirred up a desire to learn similar facts about as many © 
existing tall buildings as possible. The opportunity to compare the behavior of _ 
a building with a true model of its skeleton will not occur frequently. This 
suggests that there should be more simple methods of determining the same é 
ay In 1938, the writer presented a simple method of computing wind stresses 
(especially column pressures) from a general model analysis. If the column 
_ pressures are known, the distribution of the stress between various columns can _ 
he computed by this method. They can be computed, furthermore, from the | 
or lengthening of the in a building and, approximately, 


Shims o It should be easy ‘and i inexpensive to weld special bolts or ‘sockets 
to the field frame at several floors of existing buildings. Since the period of = 
- vibration of tall buildings is always equal to several seconds, it will be possible — 


to reves the change of level Netwoen column points originally at the same 


‘SKINNER, Assoc. M. Soc. C. E. (by letter).— —In designing 


tall buildings n numerous sssumptions be made in order to. simplify ‘the 


: work to a practical degree. It is not rational, however, to go to great extremes _ 
in refinement of structural design unless the basic assumptions are poop A 


= 


Too much time and effort have been spent on devising 
calculating wind stresses in tall buildings, based on the assumption that the — 
steel frame carries all the stress, when it is obvious that the other a 
increase both the strength and stiffness of a building. The data in Professor _ 
-Rathbun’s paper may not be complete, but it contains considerable “useful 


- ehenpion which should serve to stimulate a fresh approach, based on more 


#“ Simplified Wind-Stress Analysis of ‘Tall by Otto Gott tschalk (see 


4 on WIND FORCES ON A TALL BUILDING 
uilding hast 
— 
— 
— 
4 | 3 4 
— 
| q ae 
— 
= 
— 
— 
Py 
— 


“logical assumptions. The American Institute of Steel Construction 
owners of the building should be congratulated for sponsoring this program ; 


In 1932 the ‘made a a series of. on the va various 
‘installed i in the Empire State Building for measuring wind pressure, deflection — 
of the building, and stresses in the steel frame. A considerable number of 
_ observations were made over & 2-yr period, and many of these are included i in 
Professor Rathbun’ S paper. In addition to these data, howeve er, there are 


several additional observations which - may help i in interpretation of the pub- 
approximately six months after the building w was completed, the s strain 


in stress, ‘regardless of the intensity of the wind. 4 The: plastered 
_ tions surrounding the elevator shafts and public halls, the concrete floors, and 
the: exterior masonry walls stiffened the building to such an extent that practi- 3 
cally no wind stress was transmitted to the steelframe. 
Big Storm.—Early in March, 1932, a severe storm hit the building 

_ with an indicated wind velocity averaging about 70 miles per hr, and gust | 
- velocities of more than 95 miles per hr. _ During this storm a series of muffled _ 
explosions were heard and some cracks developed i in the masonry materials. 


_ At that time (1932) there were no tenants in the > building between the tw enty- 


7 


first floor. The partitions surrounding the elevator shafts, public halls, 
: - utility rooms (see Fig. 4) were all in place, however, and probably comtetaiell 
a large extent to the stiffness of the building, 
A visual inspection made the day after this storm showed very few cracks" ; 
_ in the partitions surrounding the elevator shafts. Diagonal cracks were ob- as 
4 served in several office partitions perpendicular to the exterior wall on the forty- 
first floor, and in the partitions surrounding a motor room on the twenty-ninth 
floor. Cracks were also observe ed in the concrete floors at the first Tow of 
interior columns, parallel to the exterior walls. 
These floor cracks seemed to indicate that the exterior columns were carry- 
ing a substantial portion of the direct stresses, in accordance with the portal _ 
theory. It should be noted, however, that the ¢ central core of the building 
contains deep knee-braces and many plastered partitions which undoubtedly 
4 restrained the floors from rotating in accordance with the cantilever theory. : 
; : Furthermore, the floors were about a year old at the time of this storm, and 
; 4 = natural shrinkage of the concrete had probably produced internal adie Oe 
stresses which may have been close to the ultimate strength of the concrete. _ a 
‘ Po additional cracks have occurred in the floors since this storm as men- 


Groaning Period; Vibration —On October 6, 1932, another s severe ‘storm: 


‘occurred (Table 1, Item No. 82) with indicated wind velocities averaging 
; about 70 miles per hr from the south southeast. — - During this storm the strain Jj 
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SKINNER oN WIND FORCES on A ‘TALL BUILDING 


7 wind load. Groans could be heard as the vibration of the building sie t 3 
caused slipping between the steel frame and the masonry or grinding in the ia 
-eracks, which had occurred in the first big storm. With each succeeding storm ib 
the g groans caused by vibration ¢ decreased in intensity ‘and the strain | > ell 
_ apparently became more sensitive, indicating that the building was becoming — 


_ more flexible and that the steel frame was a assuming a larger percent- 
of the wind sift lo Ineo bang’ 
After the storm of November 1, 1932 (Table 1, Item No. 102), it was noticed — 
that winds of 30 to 35 miles per hr, against either of the broad faces of the . 
building, would cause the strain gages to oscillate; but winds below this range 
caused no apparent change of stress in the steel. . This indicated that the force 
_ of a 30- to 35-mile wind was required to overcome the internal friction and to’ 
cause the masonry to slip on the steel or along existing cracks. Thus, a severe ; 
SS storm rm would deflect the building several inches; then, as the wind subsided, the 
deflection would decrease until the internal friction was equal to the restoring _ 
force of the deflected building. ‘The building would then remain in this 
deflected position ‘until the next severe storm. 
_ It was also noted that the building was considerably stiffer i in the longer 
direct - Before November 1, 1932, there was little deflection about the 
minor axis; but during this storm (Table 1, Item No. 103) additional cracking — 
occurred, and the building began to deflect ‘and vibrate appreciably about both — 
axes. “¢ After this sto storm it was noticed that winds of 5 55 to 60 miles per hr against 
either of the narrow faces would cause the strain g gages to ) oscillate, but winds © 
i below this critical range caused no apparent stress in the steelframe. 
8 Existing Cre Cracks. —In December, 1938, the writer made a visual inspection 7 
of existing cracks on several floors, including the twenty-ninth, — 


in both is probable that these cracks were caused chiefly by 
T b natural shrinkage of of the concrete, as they generally averaged about 0.12 in. in 
width 4 with columns spaced about 20 ft on centers. It was noted, however, — 
that in several places the floor on one side of a crack was more than yy in. above 
r the level on the other side, and in some cases the maximum vertical displace- Ms 
‘ment was as nearly tin. yy There were relatively few cracks in the plastered ceilings; 7 iva 
but the plastered partitions surrounding the elevator shafts were seriously 
cracked i in the lower portion of the main tower and cracked to a lesser + degree: 
ie Velocity of the Wind. —In ‘studying Table 1, it should be noted that the 
New York City Observa atory in Central Park is neni 7.5 miles from the U. 8. 
| Weather Bureau. The anemometer in Central Park is 62 ft above the ground, » 
i “but only about 30 ft above the trees. In addition, the park is entirely sur- 
- rounded by tall buildings averaging approximately 140 ft in height. The U.S. 
_ Weather Bureau, | near the ‘southern tip. of ee is 454 poe above the 
— but is near the down- town ‘ ‘skyscraper” 
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360° and the angle of rotation measures the wind 1 velocity. 17 The one: 
on the Daily News Building i is similar to the one on the Empire State e Building, 
but is: 30 ft above the ‘roof and may be less. affected by the Mie on the 


Deng: the next few years, however, ‘a new three- -cup up anemometer was de 

~ veloped to give more accuracy and, since January 1, 1932, wind speeds pub- 
lished by the U. S. Weather Bureau have been coovtetad before publication — 

_ to give true wind speeds. In analyzing wind records it is important to know 
_ whether the velocity represents the average for a 1-hr period, a 5-min period, — 
or a brief ‘gust, : as there may be » considerable difference in these velocities. The 
velocities obtained at the Empire State Building are averages estimated after 
watching the anemometer dial for several minutes, ‘most of the the other 
velocities are averages fora 1-hr period. alt tas 

- Wind-tunnel tests made at the National Bureau of Standards on a model of 
the Empire § State Building indicate that the velocity 15 ft above the observa- ?; rf 


TABLE 7.—AvERAGE W ELOCITIES- GROUPED BY INTENSITY 


ERAGE VELocITY OF WIND, Ratio oF VBLOCITIES 
Mites PER wits Empree Strate Burtpine 
hour tions" | Weather Park 
Bureau 


ios than 10 


__ * At Empire State Building wind velocities are averages for a brief period of observation, but at nak “gee 


_other three observatories wind velocities are avera; es for a 1-hr period. > 


tion tower is about 23% greater than the velocity of the approaching wind. 
_ The wind velocities recorded in Column (4), Table 1, therefore, are about 23% a 
too high and should be reduced when studying the actual wind pressures onthe _ 
building. _ Another | factor that should be e considered i is that during a Severe 
- storm the wind velocity 1 263 ft above the | ground is undoubtedly greater than . 
on _ The winds in n Table ! 1 were first, arranged i in six groups, according to velocity, . 
and each gr group p was “averaged to obtain the data shown in Table 7. This 
_ study shows that the relative wind velocities at the four observatories change E 
considerably as the storras increase in strength. With | strong winds, low 
- buildings 1 receive considerable protection from surrounding buildings and the 


_ degree of protection is relatively greater during extremely : severe poeseendiien 2 


Cw 


these tall buildings. The anemometer on the Empire State Building has a 
_ blade rotor which is restrained by helical springs, attached by gears co of 
blade rotor which is restrained by 4 
4 
r Bureau used a four-cup ane- | | 
Before January 1, 1928, the U. S. Weathe 
il 
| 
| 
1 4 
> 
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49..........] 28 | 42.7 | 16.9 19.8 | 26.0 | 100 
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SKINNER ON WIND FORCES ON . 
os of March. 22, 1936, at the top of Table 1, which ; gives ¢ an indicated wind velocity. 


of 102 miles per hr at the Empire State Building. The true velocity of ll 
_ spproaching wind, therefore, was about 84 miles per hi hr, compared with 71 miles” 


Low 


Obeervatory i in ‘Central Park (see Table 8). 
ben TABLE 8.—RELATION BETWEEN» HEIGHT AND VELOCITY 


Location of anemometer ground, wind, in miles’ 


tio 


U.S. Weather Bureau 


is On several occasions the writer has observed flags on various tall gia 
- flying i in different directions with variations in direction as much as 90° at the 


_ ences for each particular direction and indicated that at the three lower stations 


‘oan as plus or minus degrees. This study showed fairly consistent differ- 
of the wind a are affected by the surrounding 


enh Nos. 100, 101, 102, Table 1. oop several hours the wind was excep- 
el steady with an indicated velocity of 75 miles per hr from the southeast. — 


TABLE 9 AVERAGE VELOCITIES, GROUPED BY Drrecrion 


a. oF Winp, oF WInp, 
Mires per Hour Diree- In MILEs PER Hoon 
tion of | 
Empire|Central U.S. | Empire Empire} Central] Daily | U.S. 
State | Park | ions | State | State | Park | News | Weath- — 
Build- | Observ- i | Building | Build- | Observ- Build- 
ing atory ing ing atory 


Ks 


100' %| 5 

Ratio — | 100% | | 50% 

— from the average because tall buildings apparently shield the ane- 
mometer when winds are from these directions. nigy 


id 


ig 


Just before noon, while the plumb- bob b was | being observed, the wind suddenly 
 inereased in intensity for a few minutes, swung around through south and then | 
steadied at about 55 miles per hr from the west northwest. t. The exact time of _ 
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occurrence is not known, but the total change from an 85-mile southeast 
wind to a 55-mile west northwest ¥ wind probably occurred in less than 3 min. ia sf “fi 
Similar rapid changes occurred on several other occasions and probably ac- — ‘ ; 
count for some of the marked variations in direction noted in Table 1. nT 
‘Table 9 gives the average velocity of all winds of 30 miles per hr or more, — 
wa by direction. It shows fairly consistent ratios between the observed _ 


velocity at the Empire State Building and the average velocity for a 1- hr 3 


oS _ period at the other three observatories where recording instruments were used. 
_ The velocities shown in the right-hand column are generally about 60% to 65% = 
as great as observed velocities at the Empire State Building, except in certain _ < 
eases in which the skyscrapers of lower Manhattan shield the anemometer of # 
the U.S. Weather Bureau. Thus, with winds from the northeast the ratiois 
— 33%, and with winds from the east northeast, the ratio is only 21 per cent. 
Gust | Velocities —tThe observations made during this program show clearly — 
- that the building not only deflects in accordance with the average wind ts a i 
but also vibrates due to 1 variations in velocity. . During a strong wind 4 ‘ 


-anemometer in the Empire State Building moves back and forth continuously 


over a range of about 10 miles per hr, but occasionally a vigorous puff or a 
_ sudden lull may cause a momentary change i in velocity as much as 20 miles tal 

The velocity and duration of these momentary gusts are of ‘eonubaacaaa i 
“importanee, as a 40% increase in velocity would cause an increase in pressure 
of nearly 100%, and if this sudden increase should occur in harmony with the 5 os 

vibration of the structure, the resulting stresses would be much greater than 2 

_ with a steady wind. $4 On the other hand, however, it is quite probable that each — 

gust of wind occurs over a a relatively small area and therefore would not change : 
the average pressure as much as indicated by the velocity-pressure equation. es 


=" 


To illustrate this ‘point t the writer remembers one occasion when an observation 7 
was being made on the 5 manometers on the south side of the fifty- fifth floor. — 
_ Readings had just | been recorded for Stations 1 i ay and 4 (Fig. 4) and all were a 


less than 0.50 in. 1. At Station 5 there was a Gifterenee' of nearly -0. 50 i in., 


but while it was being observed, the difference suddenly increased | to about i 


quick glances at the other 1 manometers showed n no at any of 
the other stations. a This would seem to | to indicate that a gust velocity might be : 
two or three times as : great. as the average ge velocity but that the gust might 
only a brief time and extend over a relativ ely amalleres, 
__ The data in Table 1 indicate that at the U. Ss. Weather Bureau in New York, - 
YN. , the n maximum velocity for 5-min periods is generally about 17% greater 
. than the l-hr average. During the New England hurricane of September 31, 


the Harv ard Observatory records indicated an average 


min period; and gust velocities of 173 and 186 miles per hr. The velocity | for 
maximum 5-min period, therefore, was 34% greater then | for the maximum 
ol -hr period, and the maximum gust velocities were more than twice the maxi- r 
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Frelewe —It is recommended that the data on wind pressures 
oe ts studied in conjunction with the report of the wind-tunnel tests by Messrs. 
_ Dryden and Hill * Unfortunately these tests did not include models of the aK. - 

surrounding buildings; but in spite of this the writer feels that their data 
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stink be 
Between the Wind and a Direction ‘Normal to the Building, in in Vegrees satis 
‘more complete and more reliable than the data actually chiens at the Empire a 
e Dryden-Hill tests indicated: (a) That the greatest overturning moment 
occurs when the wind blows directly against one face; (b) that a suitable value — 
for use in design tall is 0. 0038 2, in Ib per sq ft wind speed, 
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L BUILDING 

in 1 miles pr per how): ste (c) that how velocity 15 ft above the top op of the o observa- 
tion tower is approximately 23% greater than the velocity of the approaching | 
wind. From the model tests, it was also possible to measure, accurately, the 

- decrease in the overturning moment as the wind becomes more eur-seeealignel 
* relations between the direction of the wind and 1 the overturning wind force are ~ 


shown in Fig. 25 and been used in n analy: zing the plumb-bob and 


Fire Tower— vent shaft built i in conjunction with the fire tower 
acts like an enormous chimney and causes a strong up-draft at all times This 
_ shaft extends from the sixth floor to the roof and has an unobstructed opening ‘ fe 
of about 40 sq ft at the top. When the building was first completed, the e Up- ~f 
“draft in in the vent shaft was so strong that leakage under the exit doors c caused eS ( 
an objectionable high-pitched whining noise. In order to reduce this noise 
all doors leading to the fire tower were weather-stripped. This reduced the 
noise but did not eliminate it, and in March, 1933, a = bulkhead was built ’ 
entirely across the vent shaft at the fifty-fourth floor, 

_ This bulkhead reduced the noise to a satisfactory outemt, , but when a door 
was opened anyw here in the fire tower, the sound of the wind in the vent shaft 
was reduced immediately. After becoming aware of this phenomenon, the © 
w Titer W was able to tell by so sound if all doors to the fire tower were re Gently closed, 


open door would seriously affect the plumb-bob. The movements of the 
_ plumb- bob, shown i in Fig. 12, may have been caused by temporary drafts, due * 
to occasional « opening of doors to the fire tower, rather than by « deflection ¢ ‘of the a: 


building, 
7 - There i is also : an up-draft on the exterior on the windward side near the top 
7 
_ of the building, ‘and on . sunny days the heat of the sun warms one or two faces 
and the warm air rises with a perceptible velocity. On several occasions the ia 
_writer has walked around on the seventy-fifth floor, successively opening each 
window a few inches to note whether the wind was blowing in or out. | These 7 
_ observations generally showed a strong outward draft at about 75% of the ] 
windows. On one oceasion when this test was made, the outward draft was “a 
noticed at all except sev seven . windows, indicating a ‘negative pressure on about ‘f 
91% of the periphery at the seventy-fifth floor. aha 
“The Plumb-Bob— 
irregular manner due to drafts within oa vent shaft. i When all the doors or 
leading to the fire tower were closed, the strong up-draft in the vent at 
_ produced a peculiar whistling noise; but if any of these doors were opened, this — 
noise decreased greatly and the gyrations of the plumb-bob increased, due 
_ the disturbing effect of the draft from the open door. These difficulties were be 
_ solved by attaching a pair of oil dampers to the plumb-bob as shown in Fig. 11, r 
and by recording only those observations that were made when all doors to the i 
_ In making plumb- bob Teadings the dampers were immersed in oil until t 
was moving in an ellipse with the major r axis about in. long. Small 
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complete circuits around the same ellipse, the e center w wa 


These readings were then | averaged and entered in the records as a single point 


Deflection of Building from Plumb-Bob Readings—The deflection of the 


“building was studied by ets the plumb-bob observations on eight charts, 
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such as the two in Fig. 26. "Since the wind force i is diresdty proportional to the 


_ ‘square of the velocity, the indicated velocity of the wind v was plotted « on & 
_ parabolic scale so that the deflection curve on these charts w vill be a straight | 
line. i Winds of less than 30 miles per hr were omitted, as the force of these 


- winds apparently was not sufficient to overcome the internal om in the 
_ A study of these ¢ charts showed that the center of the building is is at 6. 40° 


5 J on the east-west axis. The center on the north- south axis is not so well | 
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- defined, however, due to the fact that. the building i is much stiffer in this direc- 
4 tion, and the plastered partitions and other masonry probably were not seriously 


‘ cracked i in this direction until Storm 109 (see Table 1) on November 9, 1932. a 
‘ The few observations made after this date indicate that the east-west center is _ 
* _ probably between 8. 70 and 9.00 on the plumb- ‘bob target : and an average value 
‘The wind-tunnel tests previously + mentioned? > showed that the greatest 7 
overturning moment occurs when the wind is blowing directly against one face — 
of the building, and that this « overturning moment gradually decreases as the 
wind becomes more diagonal (see Fig. 25). The deflections caused by diagonal 
pes therefore, can be increased to show the deflection that would have oc- 
bonne if the wind had been directly against one face of the building. ef Thus, — 


Table 10: was obtained i in that an indlented 
. “velocity of 80 miles per hr directly against either of the broad faces causesa 
a deflection of about 6.5 in. The same wind against either of the narrow a 
would cause a deflection of about 2.0 in., which indicates that the moment of 
a inertia about the north-south axis is more than three times as great as about 
the east-west axis. . This ratio may not be a constant, however, as the plastered | 
partitions and other masonry probably carry a large proportion of the wind load 
when the wind is against the narrow face, and each severe storm may cause 
further cracking and more flexibility in this direction. 
= If the indicated velocity at the top of the observation tower is 5 essumed: to 
be about 23% greater than the velocity of the approaching wind, the average 


deflection of the building at the as by th the 


bob, is as follows: 


‘True velocity of approaching 


Deflection | of Building from Collimator Readings. —A study. of the ‘collimator 
readings given in Table 5 shows that the center is approximately at 5.6 along 


the north-south axis. Using this center, the collimator readings have been 


sted of vibration for winds greater than 30 miles our bie against either of the : 
broad faces. By using the “force ratios” obtained from Fig. 25(a), it is possible 
“to estimate the probable deflection and vibration that would have occurred 
_ with a “normal” wind blowing directly against either of the broad faces. 
Columns (7) and (8), Table 11, when plotted, indicate that the cto 
— of the eT is about 6.5 in. with an indicated wind velocity of 80 
Joi 
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per hr. indicated by the plumb- -bob and the 
- collimator is in close agreement for north-south deflections. In the east-west 
- direction, however, there are insufficient collimator re readings to determine the 

deflection with any degree of assurance. 
In addition to the average deflection, the building vibrates, and the maxi- 
- mum range of vibration, as indicated by the collimator readings, is about 10% 
greater than the average deflection. This means that an 80-mile wane wey i 
cause the building to deflect about 6.5 in. and to vibrate about 7 7.21 
the deflected position. In this case the extreme deflection of the ible! 
“Fig. 14 shows graphically the period of vibration of the building as observed ¥ 
with the collimator on November i, 1932. It shows 104 cycles in | about 
- 860 sec, indicating a period of vibration of about 8.28 sec. It is also difficult 
_ to understand how a period of 8.14 sec was derived from re data i in Fig. Fat 
In ‘December, 1938, when the writer last visited 
velocity was betwe een 40 and 50 miles per hr, and it was sedis to hear faint 
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TABLE 11.—Der.ection or rrom ReEapr 


Direction | Angle 
Item No. Velocity of wind | between ok ‘Normal” 
deflection, 


f wind, 
(see ° at Empire | wind and |—————____ 
‘Table 5) in miles State | normal to inches 


per hour | Average | Maximum 
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‘groans as as the building 28 heard in than 2 2 


i min, 1, timed with an ontiaary watch, which seems to indicate that the > period ff is 


as 


4 Conclusions.- —From the foregoing, the ‘wiiter ances the following nine 
we 


ite (1) The plastered partitions, concrete floors, and ‘masonry walls add both 
— and stiffness to the building and carry a large percentage of the wind 
load. Any theory that ignores this mie is probably so far from the truth that - 
(2) The ratio between the seins of the building and the stiffness of the a 
steel frame is not constant. it may have been 10 to 1 when the building was _ 


first completed and it may still be about 3 to 1. _ ‘Iti is quite probable, bee ever, 4 


-_ 


a 


— 

2 ol 
7 
a 
il 
{ 

a 
= 
n 
4 7 = = 

ininches  § 

— 

| 

10 | 30 | og | 13 | 35 

345 | 43 | 086 | 40 ia. 

Biss 
— 26 | 20 

— 

— - 
H = 
— |, 
=a 

4 

] 


‘TALL “BUILDING 


ia As the wind decreases, the defection decreases until the frictional resistance 
= of the building equals the restoring force of the deflected materials. The build- — 
ing then remains in this slightly deflected position until the next storm. = 
(4) The plumb- bob readings show that an indicated wind velocity of 80 b~ 
miles per hr against either of the broad faces caused a deflection of about 6.5 
in.; but the same velocity against ¢ either of the narrow faces caused a pena aa 
The readings : show that the vibrates about the 


2. “vibration i is greater than the 


of 80 miles per hr, against either of the broad faces, ‘Sandie aan cause * 
the building to vibrate back and forth over a range of about 7.2 in., and the -_ 
extreme deflection would be 6.5 + 3.6 = 10.1 in. 
ay _ (6) During severe storms the vibration of the building causes groans as the -: 
masonry slips o on 1 the steel frame, or along cracks caused by previous storms 


horizontal wind, probably causes a resultant velocity considerably greater than | 
LA the velocity of the approaching wind. | . Indi Indicated wind velocities at the Empire — 
4 State Building, therefore, should be reduced to obtain the true wind speed. — 
(8) Both the velocity and direction of the wind are seriously affected by : 
‘gurrounding buildings. Low buildings receive considerable protection from 
_ surrounding buildings, and the sheltered « area on the lee of a building i is relatively ms 
greater during more severe storms. 


(9) In New York City, during a very severe storm, there is porn a 


— in velocity at points 100 ft, 500 ft, and 1000 ft ‘above the ground. ,* 

A rough estimate indicates that simultaneous velocities at these three chine 
might be 55, 70, and 80 miles per hr. The corresponding wind pressures, 
therefore, would be about 20.9, 26.6, and 30.4 lb per sq ft, respectively, ot oe 


HARLES M. Am. Soc. C. E. (by letter), —This paper. has 


‘ie Rama in havi ing so many able discussers. _As many of them have 
- been interested activ ely i in this or a similar problem they have been able to 
Suggest a number of related phases that should be given study. The most 
outstanding o one is that of building vibration. 
we _ Strength and stiffness are two entirely different characteristics of a structure, — 
as emphasized by Mr. Coyle and Professor Morris. . This paper has been — 
primarily concerned with the lateral loads on a building although it has taken Ng 
_ into consideration both of these other questions to a considerable | extent. * le 
7 study the wind effects properly one must consider not only the physical charac- 
teristics « of the building but also the effect of vibration on the tenants. It was 
consider ed unwise to expand the scope of this investigation into this latter 
field, although the value of it was Liane _ Mr. Coyle has collected con- 


a hiniding nes not return exactly ta narmal _ a 
‘ 
— 
iq — 
4 
— 
— 
— 
F 
q 
g = 
a 
q 
— 
— 


siderable data the subject « of vibration in various buildings and has given 
‘The writer agrees with Professor Morris that extreme refinement of mathe- oe 
‘matical calculations is unwarranted but that some theory of stress distribution _ 
_ for lateral stability is necessary in designing buildings. A continued ed study ee 
problem ‘should reveal better theories that will enable the engineer to 
_ anticipate the action of his building under all conditions of loading, without — 

_ increasing the labor of analysis unreasonably. Th The writer wishes to emnphasian 
that he did not suggest that the fact—that the architectural clothing adds to 
the strength of the building—should be taken into consideration in its design. — hs 
Both conclusions (8) and (9) demonstrate this point; and Professor Morris 
"emphasizes it. _ The third sentence of Mr. Skinner’s discussion is not at all i in 3 
7 _ accord with the writer’s opinion; nor does it seem to follow from the findings. 

Ja fact, his account of the gradual transfer of load from the n masonry to the 

steel leads to the opposite conclusion. Ae Negi 
Mr. Fleming's di discussion is valuable ‘particularly as he gives nu numerous 
_ ‘eee’ on this question and related problems. He quotes the report of the ae 
_ British Research Committee™: “In a large class of steel-framed buildings * * * 3 

- the steel work is thus relieved of the responsibility of resisting wind shear.’ 
ji - This idea should be studied ¢ carefully and the character of the building noted. 

For the tall steel building—the skyscraper—the writer feels that the steel 

- should | carry the responsibility of the wind load and lateral stability of the F 

structure, even if the load is partly taken by the masonry. 

It is true, as Mr. Shearwood suggests, that the data obtained from the . 


Empire State Building show that: the problem is far too complicated to 


- design the engineer endeavors “to distribute, exactly, indeterminate stress 
~ induced by indeterminate forces.” ‘The wr writer hopes that nothing i in his paper 
will lead to the idea that this is not good engineering practice. — 
4 formulas must be follow ed with judgment and experience, not just as a guide. 
"7 Engineers with sound judgment and broad experience may be able to design — 
safely but most of them should not be encouraged to dispense with accepted _ 
methods which in the past have produced safe structures. the experience 
— and study of the specialists have decided that stresses obtained by conventional 
4 methods should not be exceeded is it wise for the Profession to violate these — ; 
suggestions? In cases where they are are sure the previous study. does not apply, 
or where it has been improved upon, a special investigation should be made and — 
the result applied i in a conserv ative manner. 
x The w writer believes (see fifth paragraph i in Part II, “under Introduction”) 
- that it is probably wise to ignore the strength of the masonry until, as Mr. 
- Shearwood suggests, further investigation of this problem is made. lips a 
Rss, Mr. Jacobsen has stated the fact (as has the writer preceding and following 
; - Equation (1)) that T and W are ratios of time and weight between the building | 
and the model. The facilities for observing the period of vibration by i 
_ of the collimator are available for future use. It is planned to make checks re 
Third and Final Report, British Steel Structures — Dept. of Scientific and 
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& It is true that Equation (20) can be written without derivation as it is quite —— * 
y Aa simple. The previous equations were given so that one might note the a approxi- 
mations involved and the effect of these approximations on the validity of 
this equation. The effect of the walls was omitted because the scope of the 


study was a comparison the frame of the and the model. 


re 


difference was attributed to the stiffness. due to the walls. 


. _ The columns of the Empire State Building rest on solid rock w hereas the 


f columns of the model are anchored to steel bars. Therefore, both are quite 
rigid and have little effect in destroying the | similitude between model and 


pal The writer agrees with Professor Castleman that more data of this nature — 
should be gathered. __There are serious difficulties, however. It is seldom 
that the owner of a building i ” willing to allow an intensive study of his structure 
“to be made and published. Furthermore, the gathering of these data, their 
interpretation, the equipment necessary, and its installation, are very ex- 


‘The writer feels, definitely, that the data obtained from wind tunnels’ ie 
== skilled observer and under laboratory conditions are most valuable. The 


4 _ The law of variation of pressure with distances from the ground has not 
4 _ been formulated as as suggested by Professor Castleman. hid As can be seen — 
Mu the data of this paper it is quite ‘erratic. The observations given by Mr. | 


Skinner in his Conclusion (9) are only one set of many and should have no 
_ more weight than the other items of Table 2. all They certainly do not warrant | 
Wh The only objection the writer sees to adding the term suggested by Pro- — 
fessor Castleman to Equation (18) is that it increases the length of the equation. is 
_ When it was omitted it was thought the numerical value would be very small. _ 
ee The he fact ‘that th the temperature ¢ effect on the building is negligible should in ; 
lead on one to "generalize. The construction of the building, as well as. the 
( efficiency of the insulation around the frame, will have : much to do with this 
> effect. ‘It was examined into, and recorded, largely to show that it was _— 
- the cause of the plumb-bob’s failure to return to a fixed center. ‘pa ia ny 
Professor Wilbur discusses the deflection index and its importance. 
data taken from the Empire State Building should be of considerable value a 


+ Mr. Spellman ba engge that “in some instances a substantial saving could 


— RATHBUN ON WIND FORCES ON A TALL BUILDING 
4 
— 
— 
3 
al 
ae is worthy of study. The local conditions that tend to break up the wind be | 
currents is only one factor, although an important one. The work of Messrs. 
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RATHBUN OW Ww “WIND FORCES ON ON A TALL 

where allows one to design buildings less than a certain 

_ without allowing for wind loads. To extend this practice to the top part a 
tall buildings is an idea of questionable value and one not encouraged by the ot 

data of this paper. If there are substantial wind loads the writer feels that _ 

they should be provided for in the steel. 

‘It was particularly gratifying to note that the late Mr. ‘Molitor® accepted 

the percentage added to the rigidity by the masonry as obtained by the writer. 

This value e may vary between wide limits even in the same building while the » 

materials are becoming adjusted to each other. . He, like the writer, and several i 


of the contributors to this paper seemed to approve the ) present method of 


20 ib per sq {ti is par too great and since there — been few if an any failures due Sa, 
to wind it is not too low; and so, until better methods of loading, analysis, and e 
_ design are discovered, the present method should not be considered outmoded. 
ae _ Mr. Gray’s s observation of the fog. phenomenon gives so some idea of the a action | 
of the wind currents about the 
DeBlois has expressed an interesting idea relative 
effect shown in the model data; and the curves viewed from this standpoint — * 
_ show this effect clearly. The writer was unable to devise any ‘way of measuring © ; 
this | same phenomenon on the building and so could not use it in his paper. Bx 
a ‘Mr. Smith’s plots of wind forces against their direction are very enlighten- __ 
ing and, to some extent, show the general direction of the wind in New York, __ 


and also the effect of the neighboring buildings. — He also calls attention to _ 
_ irregularities i in the manometer and extensometer readings. These were noted | 
before submitting the manuscript bu but it it was decided that their bemereraes would 
“tend to lead to a false sense of accuracy. 


same insulating material. ° Thus the elongation due to temperature will be the 
~ same for both rod and column and the reading will not be affected. Ithasbeen — 

_ shown by the test on building deflection that the temperature effect is very 
Bergman emphasizes the importance of ‘rigidity in “a building an and 

that the designer i is working between limits. _ As the writer has stated, this i _ 
a problem that could be studied to advantage by the Profession. NY 2a 
Mr. Gottschalk’s suggestion that there should be more simple le methods c of | 
pevereite the information about masonry stiffening th than by models is one that a 
— it is hoped will be acted on and one which will lead to studies on buildings ys other , 
_ than the Empire State. The difficulties already outlined by the writer make © 
it probable that not many such studies will be made. vt a 
Mr. Skinner is to be commended that his interest in the y problem induced _ 
him ‘to make further observations aft after | Ww Work was considered finished and 


ever, his gives an erroneous impression to an over- 
_ emphasis on data that are considered by the writer to be of but little moment. 4 


7 + David AS Molitor, M. Am. Soc. C. E., died on September 8, 1939. 
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of the building during a high wind. The actual data on which Mr. —— “ 
bases his findings were available to the writer when the paper was welttems Due 


; “discredit the work of the plumb-bob, ond the findings shown in Fig. 12. ee ¥. 
the writer first installed this bob it was found moceeaany to damp it, of course. 
Sources” of error such temperature, currents, etc., were studied 
taken into consideration. At the writer’s suggestion, one of the observers made - 

a study of the accuracy of his readings and found that they had a probable . 
q error of less than one-eighth inch. This is more accurate than the =< 
readings. The eight charts similar to Fig. 26 were a part of a study made ~ 
during the early part of the data-gathering period. The idea was abandoned — 
‘because it was. shown that the plasticity of the building is considerable and 
the center of rest is of no importance. 

‘The creaking mentioned by Mr. Skinner is a very very usual phenomenon with 
when new and it would have been surprising if this building had 


proved an 1 exception. In it is not not noticeable because of other noises 


limited extent but in new shige and vacant buildings it is noted often. That cet 
# an observer who is s watching for data should note it, is as it should be; that ae . 4 


_ should pick up p the period of vibration from the sound i is most intertating and 
_ Mr. Skinner is to be congratulated on using this information to advantage. — 
_ That the noises should be classed as groans is incorrect and misleading. As he 
stated, when the building reached structural adjustment the sounds abated, a 
7 The writer has investigated the question of the partitions that are “seriously PR 
and finds that no reports of any serious, dangerous, or even prominent 
racks in partitions or floors have been made to those responsible { for the a 
"building, As the building is composed | of ‘many m ‘materials, some weak in > "a 
tension (concrete and plaster), it would be surprising if some cracks did not bs = 
appear during the first winter. However, these are very minor and the writer 
7 : not consider them of a any y structural significance except to show a adjustment — 
of stress. The partitions are not a part of the working structure and there s are » 
i To be complete, Mr. Skinner’s attempt t to euniote the observations of the _ 
: oo New York s stations should indicate the spread | of the ds data as as 3 welll as s their a 2: 
the maximum velocities at the statin and their ratios 
writer agrees with Mr. Skinner and the several o other 
- the work of Messrs. Dryden and Hill is of great value and should be studied by 
a those interested in the agar 2 Much of Mr.  Skinner’s discussion io 
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_ | and with these, of course, the writer agrees. He has tried to give fullcredit e§ (7 


2 


alll of the that were g given with him in the work, 
= However those employed in gathering data were too numerous to mention 


Skinner closes with 1 nine “conclusions.” Conclusion (Q)i is covered by Aq 
the writer’s Conclusion (8). His last sentence depends: upon the meaning of q = 


“great refinement. Conclusion (2), the figures given should have been 
substantiated by dome: _ If they are only a guess the ‘writer questions the 
wisdom of having given them. His first sentence a contribution to the 
subject. Conclusion (3) is a repetition n of the writer’s Conclusion (2). Since 
the plumb- bob and Fig. 12 were the sources of the necessary data, and _ 
Skinner questions the accuracy 0 f these, | one wo nders how he arrived at this 
conclusion. The writer questions the accuracy of Conclusion (4) but considers rd 
it of little importance. — The data from which Conclusion (5) was drawn is a 
probably Table 5. As the vibration and deflection are not simply related ao 
_ phenomena the writer questions the wisdom of generalizing from the data. 
the data are available tl the reader can decide this matter. for Conclu- 
sion (6), a a normal amount of creaking s and grating can be heard by those — 
_ are listening for it but this is not a structural defect. The idea ofthe masonry — 
slipping on the steel frame is interesting but not probable unless: data not 
‘ published bear it out. The squeaking of joints in metallic partitions has been =) 


c ‘reported. — The building, definitely, does not groan during a high wind. Con- pa 
4 clusions: (7) and (8) were fully ; covered by the writer’s s paper. The information ‘sti 
in Conclusion (9) was based on one of the many observations, selections int 
_ from which were > taken to form Tables 1 and 2. The findings searcely war an 
rant a a conclusion, however, as as it was s only one set of readings. 
Mr. Skinner’s discussion is full of “food for thought.’ His | 

_ on the gradual increase of the sensitivity of the steel are of great interest. It is th 

unfortunate that quantitative data were not secured. In many cases his over- 
_ statement of the data has led to an incorrect impression but it is probably for _ oe 
an 


the best that a different point _ of view has been advanced for the reader to 
consider. The writer has tried not to draw conclusions from general averages _ 
; of of very erratic data but where Mr. ‘Skinner has done so the reader can judge 

each case on its relative merits since he has all of the pertinent data. og bile, ; 
_ In closing the writer wishes to thank all those who have contributed, cite: 
by supplying funds and physical facilities, collecting data, making suggestions, — : 
_or discussing the paper. It is hoped that future studies will enable the de-— 

- signing engineer to work with greater exactness in predicting the stresses due 
to wind on his structure because of the ideas and data given in this paper and | ad 
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ANALYSIS RUN -OFF CH CHARACTERISTICS 


Orto| H. MEYER," Assoc. M. Al AM. - Soc. b 


Snyper, W. G. Hoyr, C. 0. C. 8. Jarvis, Howarp ‘TURNER, 


vad ad 7 


An analysis of the characteristics of run-off hydrographs i is outlined in 1 this 


paper, which proposes a revision of current methods for determination of 
stream flow from rainfall. a 
intensity produces a hydrograph of characteristic shape for any drainage area, as “a 
and that this shape and the length of time until the run-off becomes a 
= (time of concentration) a are functions of the: shape and s size of the drainage a area. 
A method of constructing a hydrograph resulting from rain of duration less than — 
7 the time of concentration is proposed. W Based on this analysis, methods | have ; 
been devised for determining hydrographs for areas lacking in run- n-off records, ‘4 
tom the records of other areas similar in characteristics but different in size, _ f@ 
for the construction from rainfall data of hydrographs for storms or series 4 


iy 
characteristic shapes. LeRoy K. Sherman, M. Am. Soc. C. E., found that 
for any any drainage area all hydrographs resulting from isolated tors of e. ‘ 
certain duration had approximately the same length of base, and that when | 
_teduced proportionally to correspond to the same volume of run-off they ae 
similar shapes.2 He proposed the “unit hydrograph,” or the hy drograph 
‘resulting from a 1- in. run- -off from precipitation occurring in a unit of time _ 
(usually 24 hr). When its ordinates are multiplied by the inches of run-off from 
any storm of unit it duration, this unit hydrograph gives the hydrograph resulting 


it 1 Asst. Engr., U. S. Engr. Dept., Engr. Office, Sacramento, Calif. 


resulting from isolated s storms ms have long. been known to have 


— 
AMERICAN SOCIETY OF CIVIL ENGINEERS 

— 
— 
> 

& 

ey — 

= 

| 


shape similar to the unit -hydrograph, but representing, by its ordinates, pen 
centages of the total run-off from a storm, or the proportional distribution of — 
run-off with respect to time. The distribution graph is derived by dividing | 
the ordinates of of the unit hydrograph by the total volume of run-off, asindicated 
by the area under the graph. A refinement of the method of 1 using a single 
actual hydrograph to determine the distribution graph is to compute distribu- bY 
tion graphs for a number of storms, plot them together, fitted as well as possible co 
to each other, ‘and draw a mean graph, thus producing» the most probably 
representative distribution graph.4 

OA method of constructing the composite enn resulting from a series “in 
_ of rains, or rains heap through several units of time, has been developed and 
_is in general use.‘ The procedure is to compute the hydrograph resulting from - 
_ the rain in each unit of time, and to add the resulting hydrographs directly. 


composite hydrograph thus constructed v Ww a fit the actual observed hydro-— 


_ At best, stream-flow records are meager, and hydrographs are frequently 
sonnel for points at which no gages have been established. Under such cir- 
- cumstances it is required to determine an approximate distribution graph by 
_ transposition from another drainage area or from another part of the same area, — 
Mr. Sherman has proposed a method of determining a unit hydrograph for any. x, 
_ size of drainage area from the known hydrograph of a drainage area of similar 
This method (based on the principle that all dimensions of 
similar areas vary as as the sqi square roots of the areas) is, in brief, to increase or 
reduce the ordinates and abscissas of the unit in proportion to the 
_ square roots of the respective drainage areas. - This similarity of drainage areas 
applies particularly to slope, nature of the topography, extent of vegetation, oy 
and distribution of tributaries. For the relation to hold requires that the 
_ mean velocity of the water remain approximately constant through the length — 


of the water-shed. However, the velocity of flowing water, which determines 


the length of the unit hydrograph, depends not only on slope (which the ‘ 


"transposition leaves unchanged although small drainage areas have steeper 
_ slopes than large ones), but also on hydraulic radius and stream-bed roughness, — 


which vary with the size of the drainage area. The velocity, therefore, should | 


‘not be assumed to be constant. y is thus apparent that reliance cannot be 
placed on the foregoing method. An attempt was made by the writer, using» 
_ this method, to determine hydrographs at successive points on the Suncook 


River i in Meet Hampshire, with indifferent success. It is true that each of the 


hydrographs constructed was, in itself, a reasonably good approximation, but | 


: comparisons between them failed to give t the information required i in this case, i 


which involved the routing of natural and reservoir-modified flood hydrographs. 


Obviously, a real necessity for a more refined method exists. 


sof Defects similar to th the foregoing exist also in the following formulas propose 
the Committee on Floods,® of the Boston Society of Civil 


An to Determinate Stecom Flow,” by Merrill M. Bernard, Transactions, Am. Soc. C. E., 


«Unit Hydrograph Analys sis of Runoff, Geological Survey, Water 
_ & Transactions, Am. Geophysical Union, 13th Annual Meeting, 1932, p. 332. a 


Journal, Boston Boe. of Civ. September, p. 388. 
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RUN-OFF CHARACTERISTICS 


4 in “which Pr is the paren area, in square miles; T is the total flood period, — 

in days; Q is the peak discharge, in cubic feet per second; Cy i is a flood coef- — 
ia and Ris the total run-off in inches above the base flow. These relations, — mg 
inve olving, respectiv ely, the abscissas and ordinates of the are in 
effect the same as those assumed by Mr. Sherman. According to the report — 
iS the Committee, these relationships, which are only approximately borne — 
by actual observations, s, are on the assumption that the drainage 


- ANALYSIS OF THE HyprocrapH anes 


Itis well known that run-off is not a function of rainfall alone, but involves 7 
factors as infiltration, evaporation, and surface pondage. The ‘relation-— 
~~" between rainfall and ‘the actual flow into streams is still the subject of “ 

b. much discussion, but probably it will be generally conceded that after a short . 

¢ time lag the run-off will be approximately proportional to the rainfall. Rainfall oy 

intensities vary considerably, and uniform, continuous rainfall is actually an 

unknown | phenomenon. For these reasons, and because fluctuations in the 
_ intensity of a rain of co grep duration have only a minor influence on the p. 


It is assumed that water flow i is from flood flow, end, 

* consequently, it is assumed to be separated and is not mentioned i in the analysis 
of flood flows. Uniform distribution of rainfall over the entire drainage : area 

Je is also assumed, although it is understood = this condition is never realized, 


47 


Assuming | a uniform, continuous rain, the run-off passing any point on the 

dione will increase as water from more ove distent parts of the drainage area ,comes | 
to the point of measurement, reaching a maximum and becoming constant if 
eS water from the farthest extremity of the drainage area arrives. 1 - This ; 
_ time, until water from the most distant part of the drainage ar area reaches’ the > 
is known as the time of concentration. 
co) If, after the run-off has become constant, the rainfall ceases, all water in 
surface: detention soon runs off into the stream beds, soaks into the ground, or 
Srcrperd As the streams then have no source of replenishment other than | 
_ ground- water flow, which has been eliminated from consideration, all flow 
ne must come from depletion of the water in channel or valley storage. — 
The then follows a curve e which W. W. Horner, Am. Soc. 


Ralation Between Rainfall Small Urban Areas,” Am. Soc. C. E., 
‘Vol. 101 Equation (2), p. 151. 
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in which Qai is the discharge, in cubic f feet per second, on the descending limb 
of the hydrograph ; -Qm is the maximum or peak | discharge, in cubic feet per 
second; K is a constant; ¢ is the time from the beginning of the storm, i 
minutes, corresponding to any Qa; and 4 (time lag to peak) is the time cor- 


responding to Qm. A similar expression was derived by Mr. Richmond T. 

Zoch* Thewriterfound: 


C, and are constants a to a particular drainage area; is 
the time from the beginning of the storm, in days; and Q is discharge, in 

cubic feet per secon It may be seen that these are different forms 


“that the discharge : at any time subsequent to the peak is a ona function of 

the peak discharge, and that , the percentage of the storage yet to run off a 

any time, and the ratio of the discharge at that time to the peak discharge, i ‘is ‘| 

constant irrespective of the magnitude of the storm. As the hydrographs of — Hie 
greater storms yet lie entirely above those of lesser storms this should reconcile 
the two schools of thought, one of which claims that the length of base of the of 
 bpeoeeh is independent of the magnitude of the storm, ig? the other of z 

e longer the 

iebbees will be. | The length of base i is actually infinite, but the time until — " 
the ordinates have receded to some particular infinitesimal iia of the 

_ peak ordinate is approximately constant for any drainage area. nales oa 
_ Another corollary to the logarithmic expression for storage snail is that 
_ discharge is directly proportional to the volume remaining in n storage. = 

example, (3) may also be expressed a as, it 


in which eis ‘the base of ‘Naperian and 


under the curve and to the right” of the p point ‘corresponding to the time, « or, * 


‘Ce = 


A convenient name for the part of the Leeann occurring up to the time 

of concentration is ‘concentration curve.” Although it governs the shape 

: the “storage curve’ (or descending limb of the hydrograph), the shape of the 

concentration curve is itself dependent on several factors. One of these is the 4 
“histogram” of the drainage area, a function of the shape of the drainage area, 

and the arrangement of tributaries. a histogram is a graph on which stream- 

bed, or ‘‘thalweg,”’ distances from a Z. arnae down stream are © expressed as ab- 4 
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_ 


- scissas; and drainage basin widths, or, rather, areas per ‘unit it of distance, are be 
expressed as ordinates. If the histogram is altered by substituting for dis- 
_ tances the time ~— for water to travel to the yan of measurement, = 


4 ‘increase in ‘eats of the hydrograph per unit of time is proportional to the - 

additional: area, water from which first ‘reached the ‘point of measurement — 
during that unit of time. The time of travel itself is dependent on stream _ 
velocity. _ The velocity varies widely, from place to place on the same — 
mately proportional to the one-fourth power of the distance from the head- 

. “waters. _ The time of travel from the head-waters to ) any point will then be 


one to the three-fourths } pow er of the distance because, if Ps eee 


= t== 2° ‘It follows, for similar drainage, 


f| is now time to define a new concept, which will be referred to as the _ 
“basic hydrograph. This is the hydrograph resulting from a uniform rain 
with a duration equal to the time of concentration. This hydrograph has for 4 
its rising limb the concentration curve and for its falling limb the storage eo 
There is a sharp break at the top. _ This break has actually been found oncon- _— 
e tinuous gage records (see Fig. 1), although storms of sufficient duration to 
produce actual basic hydrographs on large drainage areas are quite infrequent, — 
and the ; supply of data available from water-stage recorders at t any place is 
we _ When a storm with a duration less than the time of concentration occurs, _ 
hydrograph has a a somewhat different shape, as shown by Figs. 1 and 2, 
£ ‘method of deriving ing the hydrographs « of storms of shorter duration has been -_ 
developed. It may also be used to synthesize the basic hydrograph from one .*. 
produced by a storm of a known shorter duration. . The storage cu curve has — 
} been described as conforming to Equation (3). This is only approximately — 
‘true. Actually, the storage curve is the sum of a theoretically infinite number - 
(of cw curves, each of \ of which ¢ conforms as closely t to the equation, and id each of f which © 


> 


“the point of measurement. A convenient, fairly close enpueduanting is to 
group the run-off from the area, water from which first reaches the point: of — 
- measurement within a certain unit of time, and determine the constants of 
the equation for that group. The unit should be about one-tenth the time © 
of concentration, or less. The smaller the unit the better will be the ‘definition — 
of the curves. In practice, the equation itself is not determined, but only 
the ratio, A, of two ordinates one unit of time apart; this is a constant for the | 
particular equation. This ratio (see Appendix I) isfoundtobe: 
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in which hi is the difference between the ordinates on the concentration curve — 
at the beginning and end of the unit of time; and V, is the area between the 
corresponding abscissas and to the left of the concentration curve, or the 
volume of run-off from the corresponding area remaining in valley storage, as 
chown by Fig. 3. As this is the volume of run-off that has ‘not appeared at the 
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Fra. 1.—Grovur or HypROGRAPHS OF ‘We. 2. FROM STorMs WITH DuRa- 

-wasseT River, aT N.H., TIONS or Successive TwWELFrus oF TIME OF 

Repucep To CoMPARATIVE _ CONCENTRATION COMPUTED FROM ASSUMED 
gage by the time of the cessation of the storm, it must be the volume under the - 


curve e also. 0. Successive ¢ ordinates | on | the curve are fc found 


The “teow ime a storm of any duration will follow the basic aa 
_ until the cessation of the storm. ~ At the next unit of time the ordinate will be — 4 
_ the sum of the quantities, h, for the preceding units of time, each multiplied by 
_ its respective value of the ratio, A, plus the A-value for the last unit of time 2 
- multiplied by the ratio of acta’ run-off volume from its corresponding are areato 


rm Ve (w hich i is vend ratio of the duration of the storm to the mean abscissa =e 


under the 
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- subordinates multiplied by their respective ratios, plus the A-value for the last _ 
unit of time treated as in the — text. After the time of concentration 


we Time Unit} 
‘Fie. 3.—Vaiey Storace anp Sup-Srorace Curve ror Time Usir 


is reached this becomes the sum of all the preceding subordinates multiplied 
by their respective ratios. A ‘sample | computation is shown by Appendix II. 
4 ‘The basic hydrograph may be synthesized from one resulting from a storm wa + 
of known duration by a reversal of the foregoing process. — The height of the ~ bs 4 
peak will be the area under the known hydrograph divided by the duration of | 
_ the storm, as the peak run-off rate is equal to the rainfall rate multiplied by the 7 
‘percentage run-off. The basic hydrograph will follow the known hydrograph 
‘until the cessation of the storm. The aforementioned ratios may be deter- Z 
mined in advance, since they can be reduced (as shown) to functions of time. 7 
The subordinates for time units previous to the cessation of the storm are _ 
treated as described in the foregoing text, and their sum is subtracted from the | 
corresponding ordinate of the hydrograph. The difference is divided by the _ ; 
ratio of the duration of the storm to the mean abscissa of the unit of time. “aa 
This ¢ quotient is added to the last ordinate of the basic hydrograph to give the Ro 
following one. This procedure is followed until the subtraction gives anegative — 
‘result. _ At this ae the ordinate should have reached the maximum prev i- 
0 curve, taken as the sum of all sub-storage curves, 


AS many engineering require at no 
stream-flow measurements have been taken, some method of transposing 
hydrographs i is necessary. ™ The method proposed by Mr. Sherman, according 


to which the ordinates and abscissas of the unit hydrograph vary with | the 

_ square root of the area, has been discussed. Unit hydrographs derived by this | 
4 method will be correct f for total volume of run-off, of course, and will lie) within 

easonable limits of variation in er, will be subject 


— 
F 
; — 
5 
&g 
— 
— 
— 
— 
- 


q 


q 


7 


oe RUN-OFF CHARACTERISTICS 
to error in time of concentration and shape. For positions 
on the same stream these hydrographs cannot be used comparatively, ‘- 
In the course of flood-control studies of the rivers of Maine and New Hamp- 
shire, under the United States Engineer Department, it was found necessary 
devise some more > consistent method of transposing Under 


against drainage area. Each sheet, representing some particular day, ae 2 
tained four curves, representing four groups of drainage ar area types. 2 It became 


_ possible, with experience, to pick the applicable curve after examining topo- a 
graphic mane of the drainage area in question. Each day’s proportion of the te 


pared, ‘as the remainder of the hydrograph quickly by 
means of the storage curve formula. (The percentage for the seventh day i is 
shown in Fig. 4.) No attempt | has made to define, exactly, the 
topography falling in each gi group, as such an attempt would only be misleading; _ - 
_ however, topography producing rapid | run-off will fall in a group having a high ae 
rate the first few days, and vice versa. To determine the run-off distribution __ 
_ for any type of drainage area it will only be necessary to derive the distribution _ be 
_ graph for a similar area having run-off records, plot the daily distribution 
percentages, and find which s set of curves fits best. A set of curves of this type 
is very useful where a large number of hydrographs « of a large | number of drain- p 
age areas is required, and time or the budget does not allow a more refined 
Certain situations arise where a high degree of refinement § in hydrograph | ; 
computation is required. An example of this would be the investigation pre- 7 - 
ceding the construction of a large flood- control project. such a case, 
particularly if hydrographs at various points on a stream are Tequired, Mr 
Sherman’s transposition does not have a sufficient degree of precision. 
aforementioned set of curves (Fig. 4) gives comparable hydrographs for suc- 
cessive points on a stream, but cannot be relied upon for peak run-off rates. 
_A transposition of the basic hydrograph is then the best solution. The basic — 
_hydrograph i is used in preference to the unit hydrograph because the relation — 
- between two basic hydrographs is a function of type and size of drainage 
area only, whereas the relation between two unit hydrographs involves the 
ratio of the time unit to the time of concentration, which is not the same for a 
different sized drainage areas. The two unit hydrographs may vary greatly 
4 in shape, therefore, saa the two basic hydrographs would be very similar — a 
The transposition of the of one drainage are area to another 
"similar area is very simple. The histograms of similar areas are similar, and a 
_ their concentration curves are very nearly similar. The time of concentration, ¢ 
- shown previously, is approximately proportional to the three-fourths power _ 
of the of the or the of the pref- 
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of the Engineer Department, constructed a set of curves based onalargenum- __ 
_— ; _ ber of distribution graphs which had been prepared by the writer. These : By 
_— curves (shown in Fig. 4) each represent the percentage of the total run-off “ie { 
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as 


to use length if it is available; otherwise area will All 
-abscissas will then v vary as the time of concentration. Ea As a check, the area 


under the curve must be the product of the time of ‘concentration and the = 


“maximum ordinate. _ As the height of the basic hydrograph i is proportional to Fi et 


a ‘that the tuted area oa under | the ¢ curve is equal to the total volume o of run- off; it 


needs no special treatment in transposition. 
If a unit hydrograph is desired it can the transposed 
basic hy drograph, as previously described. Distribution 


Comp OSITION OR OF HyDROGRAPHS 


T he purpose i all the procedures ‘mentioned senaiill is to make possible the 
construction of hydrographs from rainfall data, not only for locations where ~ 
gaging stations exist, but for others as well. For this purpose there must be 
available methods of constructing the hydrograph resulting from a succession 

_of storms of various magnitudes and durations, separated by various intervals, — 
_ these methods making | use of such tools as unit re or the proposed — 

element of flow must be that i is, 


the “ — or _ground- water | flow, which may be defined as that part 0 of ‘the 


between storms. It follows an annual cycle, remarkably uniform from year to 
year. Itis generally high during the spring thaws and rains, low in the summer, 

= little e higher in the fall, and low again in the winter. An example is is offered — 

by the ground-water curves for five successive years at Mercer, Me., on the 
_ Sandy River, shown in Fig. 5(a). This ground-water curve may be determinnd 


asa mean over several ‘years, and plotted as cubic feet per second per square — wo 


mile. | ot may then be used very satisfactorily, for : any drainage e area in the ie @ 


a general region, as a base to which storm hydrographs may be added. If the 
_hydrograph of a particular storm is to be reconstituted, it i is obviously pref- - 
: a to use the actual ground-water curve for that period, if available. — aa i. 
_ Another element that must be pre-determined in constructing hydrographs - 
is the percentage of run-off. . This is the percentage of the precipitation that _ 
appears in the streams as run-off within a sufficiently short time to be identified — 3 
with a particular storm. It may be determined for any storm by dividing } 
the total of run-off from an area by the total volume of rainfall 
on that area. The percentage of run-off goes through an annual cycle remark- a 
ably similar to that ground-water flow. When the ground-water level is 
high the absorptive power of the ground is low, and the percentage of run-off | r. 
is hi gh. It is, in fact, almost proportional to the 4 ground- water flow. | ‘An ex- ‘a a 
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Groundwater Flow. in Cu Ft per Sec per Sq Mile jv. 
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3 
— which, after traveling varying distances under ground, reaches the bed 
a streams at some later time. The ground acts as an equalizing Teservoir, 

ground-water flow has no characteristics to identify any part of it with 
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ample of this cy yele is given by Fig. | 5(b), which is the percentage of run-off for 
the same location and period covered for ground-water by Fig. So. Pee : 


centages greater than 100 are caused by melting snow. 
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ANNUAL PERCENTAGE OF RUN. OFF 
RIVER MERCER, MAINE 


tha It is clear that in ‘reconstituting: a hydrograph from rainfall the time of 
year must be known in order to have the correct base flow and the correct run-— 
percentage for each storm. m. In composing the hydrograph resulting from 


an assumed storm, the time of ; year must be assumed also. _ Each day’s rain > 
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must be: multiplied | the percentage of run-off for: and the resulting 


_ hydrograph must be added to the ond -water hydrograph for the Period — 

generally accepted method of reconstituting the 7 
ro a group of storms is, as mentioned previously, to add, directly, the hydro-- ae 
_ graphs resulting from the rainfall occurring in each unit of time, each one 


computed as if it were the run-off of an isolated, unit storm, using the distribu- 
tion The of this method is its strength. The 


“not increase the discharge; but the ‘method described adds to the peak the __ 


- discharge of one day later on the falling limb, plus that of two days later, etc. _ 
Mr. Bernard recognized this effect, but attributed it to a flood wave. It is” a 
: clear from the foregoing analysis that it is only the result of a flaw in the method. _ 
_ The analysis of the characteristics of the basic hydrograph leads logically © 
to a method of reconstituting hydrographs from rainfall. Underlying this 
method : are two fundamental principles. The first is that the shape of the 
_ hydrograph resulting from a single storm is a function of the duration of the 
storm. The second is that the hydrograph resulting from a steady, continuous | % 
rain having superimposed | on it a brief, heavy | shower er W ill be the sum of the 
hydrographs that would be produced by the two separately. will be 


jomiey duration shows that little error is produced by accepting this assumption. F 
In records of the U.S Weather Bureau precipitation is recorded by days, 
where unit are the means of computing run- -off, , the records 
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: arranged “horizontally”; ; that is, w here r rainfall occurred on several success 
days, it is divided into elements, each of which consists of a certain quantity oa ; 
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_ Discharge, in Thousands of Cu Ft per Sec 


A 
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x 
: et One particular discrepancy that arises is that for a succession of storms of > mus 
4 ™ _ equal intensities, or a continuous rain, the method will frequently give a run-off _ if = 
exceeding the product of the rainfall rate and percentage of run-off. This 
: /* 7. _is particularly true when the time to the peak of the unit hydrograph is very | 
| 
‘ 
a 
th 
ii Bi] 
a 
in Fig. 6. Each of these elements, or ‘‘blocks,”’ ydrograph of 


of each hydrograph is propertionsl to the 
‘height of the corresponding block; analysis of the basic hydrograph provides 
the shape for each duration. These elements of the hydrograph may be added 
to each other directly until a time is reached when the rainfall rate, after having L 
decreased, again increases, as on Day 4, Fig. 6. a! - When this occurs the ordinate 
of the sum. of the hydrographs reselling from preceding or lower blocks is 
carried as a constant Grong the duration of the additional block, and a rate of i 7 
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Fie. 7.—Hyprocrapus or Merrimac River, at Mancuester, N. H. 


“rainfall sufficient to maintain this flow is subtracted from the total nai during 
_ the period of the additional block. The hydrograph produced by the difference _ 
in rainfall is then computed and added to the other. At the e end of this addi- y 
tional block of precipitation the underlying part of the hydrograph (all of 
- the hydrograph other than that computed for the additional block of rain) , 
reverts to the descending curve, which is the storage ‘curve for the part | of the 
rain that has ceased, plus the uniform flow from the part of the rain that 
continues. _ Asample computation is given in Appendix III. « 
The method described herein will produce a hydrograph which, in shape, ie 
will parallel an actual hydrograph, even reproducing minor fluctuations, _ 
whereas . the hydrograph | produced by the older method reproduces only the 
Major undulations, and with a lesser degree of pre precision. ) Both methods rely 
_ very heavily on correct determination of percentage of run-off and ground- — 
flow. An example i is offered by Fig. whieh shows an actual 


For studies in which: time is short and great eovwney is not essential the 
use of unit hydrographs or distribution graphs, with their corresponding method ¥ 
reconstituting a hydrograph, will be the most satisfactory method. In such 
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RUN-OFF CHARACTERISTICS 

- ease distribution curves similar to those shown in Fig. 5 will be foun superior 

in accuracy to the unit hydrographs derived by the transposition method 

_ proposed by Mr. Sherman, and also much quicker, if hydrographs at a sufficient — 
number of different locations are required to justify the labor of constructing Ft 

the curves. Even for rather hasty studies the curves of annual percentage of 
run-off and ground-w ater flow will probably be found desirable. Where a high 
degree of accuracy is required, or for long-continued studies, the proposed - a 
-methods will be found to be superior. Particularly in forecasting floods the "7 
greater degree of refinement should be of value. In such cases, the required _ F 
curves and tables of daily run-off for various durations of precipitation, may 
be prepared in considerable detail. At any time, it will then be possible, very 
quickly, to compute the hydrograph that may be predicted to result from the 73 : 
rain to date. If future rain can be estimated for a day or two a more complete — 
prediction can be made. The coefficients can be corrected from to are as +g 


actual discharges become available. 
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7 
Derivation OF THE Ratio OF ‘SUCCESSIVE OrpINATES ON A ‘Curve 


As shown in the paper, the storage curve conforms to the general formula — 
expressed by Equation (4); and the volume remaining in valley storage at a 
time is given by Equation (6). The volume flowing out etal any time, t, is: 

vi = Q dt = 


"When t = - 0, the exponent, a (see Equation (5)), becomes, © 


R 


, from: Equation (10), 


oe 
When one-half the volume in storage run-off, Vr is equal 
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“APPENDIX 


SAMPLE. Compuration, ANALYSIS 01 OF THE CuRVE 

‘3 Table » 1 shows 8 @ sample computation form, in this case for : the ar anslysis é 


the concentration curve shown in Fig. 2. The time, y, and the dy-columns - 
7 The values in Column (3) were e computed from Equation — 
(17). In the sub-storage curve for each time unit the first ordinate is dy; each _ 2 ; 
ordinate ji is multiplied by the : ratio shown to obtain the succeeding ordinate. _ 


_ In computing hydrographs for storms of short duration, the ordinates of each 


,  sub-curve are multiplied by the ratio of the duration of the storm to the mean © 


time for the respective time unit (for Unit 3, Table 1, the mean time is is 2.5; for | 
‘Unit 7, it is 6.5, ete. ), except where the time unit is prior to the cessation of ee 


=~, Curve 7 by =, etc. Run-off from each unit first appears” 


at the time err by its number, and i is at the maximum rate a as aaa as 


iia 

Let - = ———— ; then, the ratio of the two ordinates, | e uni ime = (air 

a 
| = 
| 
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already ceased before its appearance, it follows immediately the curve, weteees 


TABLE 1 .—ANALYSIS OF A ConcENTRATION Conve 
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Appendix of the computation ofa hydrograph from 


Tre rainfall data by means of the basic hydrograph. In this example, the rainfall 
ee shown in Fig. 6 will be used. It will be assumed that the « drainage area for 

which the hydrograph is to be constructed has a space e of 100 sq sq miles; a ground- : 
water flow at this season of 3 cu ft per sec per sq mile; and a run-off factor at. x 
this season of 50 per cent. It will be further assumed that its basic hydrograph — 
is known and has a time of concentration of three days, and that hydrogra a 

_ for storms of one day and three days duration have been reduced to the a, 
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TABLE IN PERCENTAGE OF Day R Run-Orr RatE 


any day will one- half that on the 


Flow on the fourth day of a longer storm will become 100% of the daily run-off 


rate, remaining & at 100% for the e duration c of the storm, , then | going to 80%, 40%, pi 
as in the case of the three-day storm (Table 2(b)). 
Z| vA flow of 26.89 cu ft per sec for one day will be produced by 1 in. of run-off 


from 1 mile. The run- -off, at 50% run-off fi factor, from 1 in. of rain per day 


being, on successive days, 2, 4, 3, 5in., and 1 in. ., seapootvaliy, is the equivalent 
of: A five-day storm at 1 in. per day beginning on Day 1; a a four-day storm at 
1 in. per day beginning | on Day 1; a three-day storm at 1 in. per day beginning © 
on Day 2; a one-day storm of 1 in. beginning on Day 2; and a one-day storm of | 


TION OF RECONSTRUCTED 
HyDROGRAPH: SPECIAL 

(Units Are Cusic FEET PER Cusre FEET PER Seconp) 


1 PER Day* 4 alt GRAPHS NOT} HyDRO- 

water 

Five- | Four-| Three-| One- | One- | og ‘| 
day | day | day | day | day 


“ ing | ing | ing | ing 
storm) storm storm — storm*) storm|storm|storm|storm 


607| 607 eae lis 


Dariy Run-Orr; Storms aT 


600 600 
1140/1140 463 


1 345 | 1345 463 
1 345 | 1076 463 
1076] 538] 5 94 x 463 
47 360 

216 


is set up in a off from foregoing 
“equivalent storms is shown in the columns headed “Daily Run-Off” (Columns 7 
: (1) to (5)), each equivalent storm to one column, in the order er given. ah i 
Y Tf an increase in rainfall should come ' when the hydrograph is falling, a 
special is example, assume a hydrograph to be falling 
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RUN- OFF CHARACTERISTICS 


after the cessation of a storm, with a ratio between successive ordinates equal * 


to 0.60, as shown in Table 4 (Column (1). _A following storm, of a 
sufficient to produce a maximum run-off of 600 cu ft per sec, begins on Day 3, 
_its hydrograph, if it had occurred alone, being as shown by Column (2). © To 
combine the two, the ordinate on Day 2 is multiplied n not by the ratio, 0.60, 
but by its square root, 0.77 (giving the ordinate at the beginning of Day 3 


instead of at the middle of Day 3). ‘This ordinate continues through the 7 | 4 


following storm, the ordinate that would have occurred on Day 3 now occurring 
on Day 7 7, the day following the end of the following storm, as shown in Column > 

(3), Table (4). The increase in) run-off under this hydrograph comes out of the 
- run-off volume of the following : storm, which must be reduced accordingly, so 


the modified hydrograph (Column (4), Table (4)) is in the ratio to that in ola 
Column (2) of _ The total run-off is the sum of Column (3) and 


Column (4), Table 4, 
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Au. Soc. C. E. (by letter).—The gr graph which 


a author refers to as a “histogram” is very useful in the study of flood flows. 
That kind of histogram i in which the abscissas express the time required forthe © 
water to flow to the point of measurement r may be termed the time-area diagram. 

— Its integral becomes the concentration curve, or ascending limb of the hydro- | 

"graph, as stated by the author. | It may also be employed in a simple manner to 
determine the ordinates of the mules limb of the hydrograph. 

As an illustration, consider the simple case shown in Fig. 8. The ‘water- 7 
(Fig. 8(a)) i is divided into six areas, or zones, , such that the run-off there- 
WATERSHED 


q 


TIMB-AREA D1acRaM, AND Hy 


the the resulting hydrograph Mi, es for 

“curve are computed by summing the zone areas, 2 as shown in Table 5. if the 
velocities during the falling stage were the same as during the concentration 7 
‘period, the ordinates of of the > descending | limb ) of the hydrograph would t be ob- 


‘in succession, as in Table 5. The resulting curve is shown in the broken line, _ 
‘Rig. 8(c). . This curve, plotted downward with reference to the horizontal line 

; representing the peak flow, is the same as the concentration curve. lt will be. 7 7 
seen that if the ascending limb of the hydrograph rises slowly in the early 
Stages, due to the narrowness of the water-shed or the flatness of the slopes — 
“near the outlet, the hydrograph tends to fall slowly after the peak, and oe 


The of the falling limb of the  hydrograph must exceed tl that of 
rising limb. That this is true will be seen upon consideration of the flow from 
the zone farthest up stream. The initial run-off from this zone rides the crest” ; 
of the flood, as it were, during the concentration period, thus ' traveling t tothe 
outlet at the maximum velocity. final contribution flows at, or little” t 
above, the base stage, with a relatively low velocity. __The base of the — 
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graph for falling stages i is the time required for the water to travel from the 
- most remote zone to the outlet at the ordinary or low-water stage of the stream. 
“s For practical purposes, a somewhat shorter time may be used, as the flow at 


final stages is relatively small. _ The base flow definitely limits the length of the 


TABLE FOR THE ORDINATES ‘OF A 


Item | Zone |_ 


8 Av erage of limb 
9 Relative times of flow 
10 Discharge in unit time (Item 8 + Item 9). 
11 Corresponding abecissn; unit times*. 


_ * Base of hydrograph is 18 time units. 


flood. period. Where the author states (following Equation (8) that ‘the 
_ length of base is actually infinite,” he is jemmensing no doubt to the ae 
After the peak flow is reached, the velocity, which varies approximately : as 
the square root of the hydraulic radius, decreases quite slowly at first; then 
- much more rapidly during the last stages of the flood. The rate of change i in 
; velocity with respect to time can be determined approximately from the ¢ 
4 characteristics ¢ of the stream channel. As the time period corresponding to a 
given element of flow is lengthened, the discharge in unit time is decreased in 
: inverse ratio. In Table 5 the increase in length-of-flow periods is assumed to 
_ vary as the cube of the number of units of flow (six i in this case), a and the base 


rve 


of the descending limb is twice that of the ascending limb. _ The resulting curv 
‘isshownin Fig. 8). 
For a rainfall “extending over a shorter r period than that producing the 
- maximum flow ,, the s summations and adjustments a are made in a similar manner. 
‘ In Table 5 the summations would include as many terms in each horizontal 
4 line as there : are periods ¢ of precipitation. — . The dotted line i in Fi Fig. 8(c) shows — 
the hydrograph for a rainfall extending ¢ over three time units. _ 
_ The author’s unqualified assertion that there is a sharp bees in ‘the basic 3 
‘ hydrograph i is therefore > open to question. § Such a break might be observed 
in the case of a stream with a wide fan- shaped area at the _ down-stream end 
and a long narrow valley farther up stream. Ina water-shed of this type the 
a maximum flow might come from a rainfall covering only the low er part of the — 
THe 
drainage area, the concentration period being shorter, and the intensity of 
precipitation greater, than for the full area. The author’s logarithmic formula 


4 gives ordinates too small : for the a part of the curve and too — for ae 
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tower part. In Fig. 9, Curve the falling 
method just described, assuming a base length double that of the concentration _ 
and Curve Bisderived from Tablel, 


Curve A 
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Py 


Time Units 


= a a given uniform intensity of precipitation and a constant run-off rate, 
e i: peak flow per unit of area is the same regardless of the size or shape of the 
| water-shed. The pattern of the drainage area becomes a factor in case the © 
e is of variable intensity with respect to time or area. _ Inasmuch as the 
si average intensity diminishes rapidly with increase of time, the time of concen- 

:. tration (the length of stream divided by the average velocity) is a much more — 
reliable indicator of maximum discharge than either area or length of water- 

shed. The writer has heretofore proposed formulas’? for maximum discharge 


B = 100 (2 — 1) 
a. In Equations (19), (20), and (21):q = per ae 
a mile of drainage : area;c = the ratio of run-off to rainfall;. verage intensity — 


News- 1 25, 1987, p. 864 
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‘BARNES ON “ANALYSIS OF RUN-OFF 


Te time of concentration in hours; and z = ratio of maximum to penne 
area of divisions of the time-area diagram (or, oughly, the ratio of — 


width of water-shed to the mean width). bale 

It will be seen that these expressions are e designed to improve the weil 

- formula in two respects: The intensity of precipitation is made to vary with the 

_ time of concentration, and the effect of non-uniform precipitation is included. = 
In Equation (19) the term A expresses the flow due toa uniform r rate of rainfall, 
whereas the term B gives the additional flow due to the most ‘extreme non-— 
uniform precipitation. _ With the exception | of the run-off coefficient, c, these 
‘equations contain no terms with widely varying and uncertain ¥ values, ‘such as 
oe in ) many other run-off formulas. The time-intensity relationship i in = 

pirica expression or B in quation (21) represents values computed 

from time-area diagrams, assuming that the maximum run-off occurs 


> 
TABLE 6.—Vatues or q ror: I = 3.0; ¢ = 0.5; = 1.5 


al 
a 
t 
b 
Vv 
t! 
a 
0 


+a 


Average intensity, I, in inches........| 9; 6] 4 78 | 0. 465 
_ A (Equations (20)). 1 290 
@ (Equation (19)) 2080 |1 615 


when the contribution from the maximum area, due to the most intense pre- = 


cipitation, arrives at the outlet, 
_ These formulas may be useful in of 
- different sizes. They cover the entire range of possible values. The four 
variables used, c, J, 7, and z, may be evaluated for any par articular ¢ case by the _ 
- Values of q are shown in Table 6 for J = 3.0,c = 0.5, andz = 1.5. It will : = 
be. noted that q diminishes very rapidly as the time of 


“3 Tn Equation (206), the inc aye of 7 (= 0.75) is an average value, ¢ con- . 


The a: average per hour, for a 24- hr period, m may 
4 be substituted for the term, J, according to the relation, J = 10.97. —__ e 
_ The foregoing formulas should be of use in transposing basic hydrographs, 
or in checking | results obtained by y other me methods. They afford a clear =. 
the effect of variations in the factors involved in flood 


8. BARNE Es," 
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“4 Transactions, Am. Soc. C. B., Vol. 103 (1938), p. 369.00 
_ Hydrologic Supervisor, Upper Mississippi Region, U. 8. Weather Iowa City, 
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ssoc. M. Am. Soc. C. E. (by letter)—The new ‘ 
original attack upon the problem of constructing discharge hydrographs 
| 


BARNES ON ANALYSIS OF RUN-OFF 105 


guthor has admirably reconciled the apparently opposite Viewpoints the 


rocates of the unit hydrograph : and of the depletion curve. 


_ satisfactory results in hilly country, where a relatively large part of the rainfall 
- enters the stream channels at once, than it will in a flat country where most of , 
; “the rain goes into the ground. Under the latter conditions, fluctuations in the _ 
_ momentary intensity of rainfall may | have a pronounced ¢ effect ‘upon the amount 
¢@ run-off. The run- -off factor is one of those devices used for lack of anything 
better. Its use is made necessary in most cases by the imperfect state of the 
_ present-day knowledge of the relation between rainfall and run-off, and because be 
of the absence of sufficient basic data. Hydrologists should not lose sight 
of the fact that the idea of a run-off factor i is a poor concept at best, and that _ 
its use is likely to produce very unsatisfactory 1 results wherever the infiltration — 
~ is large and rainfall varies greatly in momentary intensity. —«dItis unquestion- 
ae true that the average monthly or weekly value of the run-off factor rises _ 
and falls with the ground-water level. — In some cases it even appears for a time — 
- to maintain a fixed relation to the rate of ground-water flow, although this must _ 
be considered pure coincidence. — In the Mississippi Valley the variation : 
of the run-off factor from day to day i is frequently so ) great that an average 
c- value, or one predicted from the calendar, has been found to be of little use 
a the unit hydrograph method was employed. There is urgent need for 


the development of better methods of predicting the quantity of run-off from 


__ Another fact frequently overlooked i in a present-day studies is that the time aa 
cessarily identical with ‘the 
poten: time from the occurrence of rainfall to the peak of the run-off. In 

basins of irregular shape there will almost always | be flow from certain tribu- — ri 
- taries which will still be increasing after the peak of discharge from the basin > 
‘The he assumption that, after the storm water has ceased to flow from the 
surface of the ground, , the streams have no source of replenishment other than y 

_ ground-water flow is one that should be given more critical study, or at least — 

a definite interpretation. _ Ordinarily, ground- water flow is thought of as the 


“discharge from water held in storage at, or below, the gi ground- water table. : 


Two or three weeks may sometimes elapse between a rainstorm and the increase 
ground-1 water flow which r results from. it. Many streams in the } Mississippi 
be ‘Valley re receive storm water from two immediate s sources: (1) The drainage from 
2 7 the ground surface into the stream channels during and immediately after the y 
a rain; and (2) what appears to be a lateral movement of percolating water in 
“the: upper soil layers, entering the stream channels in the form of orapege, and 
reaching its maximum flow about 2 days after the peak of storm flow. The © 
latter phenomenon was noted by the writer when making some studies of | 
Zumbro River, in Minnesota, in 1936, and was given the name “secondary base 
flow.” The same, or something quite similar, was observed by Mr. C. R. 


Hursh ® and called by him “‘subsurface storm flow.” res? ime a 
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SHERMAN ‘ON ANALYSIS OF CHARACTERISTICS 


surface flow and secondary — flow a 
has been made for a number of streams in the Mississippi Valley. In order to 
satisfactory results it was necessary to determine the ‘discharge at 
_ intervals of 6 hr or less, rather than to use daily averages. It has been found ~ 
_ that the recession of each of these components | of flow can be plotted | asa 
7 straight line on semi-logarithmic paper. The formula used in the office of the _ 


and K is as the daily depletion 


flow being much higher than for surface flow. 
a _ Equation (22) can be derived from that proposed by w. Ww. Horner, M. a 
Am. Soc. C. E., and F. L. Flynt, Assoc. ‘M. Am. Soe. Cc. Tt should be 
noted that ‘tow from only one s source (surface) wa was used in 1 developing the ; oe 
“Horner and Flyntformula, 
In the case of the Io Iowa River at Marshalltown, Iowa, for a concrete ex- 
‘ ample, it has been found that the ‘secondary base flow becomes appreciable 
in about 12 hr after the peak of storm discharge has passed and reaches a 
maximum in from 60 to 65 hr after the peak of storm discharge. ‘At that time 
ith may become as much as four times the surface discharge, or 80% of the total 
storm discharge. The peak of the hydrograph of secondary base flow has a 
Al fairly flat top of about 40-hr duration, compared with about 10 hr for the peak — 


* of surface flow, : and a depletion taster, K, equal to 0.69, ‘as co compared with 0. ne 
_ for surface flow. The ratio of the total secondary base run-off to the total ondary 


~off varies quite widely. For gentle rains the peak discharge of | of secondary 
base flow at Marshalltown is about 20% to 25% of the peak discharge. of surface 


_ flow. For rains of high momentary intensity the ratio may be considerably — 


made i in ’s office, of of (ihe lows. va River at Marshall 
a: 7 ibiin: and that of certain other streams, show that the recession of the ground- + 
water flow can be expressed by Equation (22) during periods w when no recharge 


‘ is taking | place (the value of K at Marshalltown for ground-w: ater flow is 0. 98). a 
_ It follows, therefore, that for each of the components of flow the quantity of — 
water remaining in live storage at any | time 1¢ during a true recession i is directly 


proportional to the discharge of the component. This reasoning ‘cannot be 
_ applied strictly to any flow that includes discharge from more than one of the ~ ; 
three sources previously described. 


LeRoy K. SHERMAN, 15 M. Am . Soc 0 EL (by letter) —Since the intro- 


@ keener appreciation of the of interpreting the hydrograph has devel: 
i, oped. _ The author has presented a useful review of run-off characteristics and “1 
has outlined certain original procedures. - This discussion will be confined first _ 
_ to brief comments on the fundamental principles and will be followed by a * Ee 


critical analysis of some of the author’s conclusions and procedure. 


4 Transactions, Am. Soc. Cc. E , 1936, ah 
Cons. Engr., Chicago, Ill. fhe 
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‘SHERMAN ON ANALYSIS OF RUN-OFF CHARACTERISTICS 
Mathematical of the rising and falling stages of the 
has been studied carefully by several hydrologists. In addition to those re- 
ferred to by the author, the work of Franklin f. Snyder, 6 Jun. Am. Soc. C. . 
_ Synthetic hydrographs serve a useful purpose. The test of such work is 
their correlation with observed graphs. When reliable observed hydrographs _s 
are are available, they | should be used in n preference to any o other basis. _ _Nature- . 
integrates all of the factors with no oversights or assumptions. = ~~ 
___ Transposition of hydrographs may also be useful in the absence of a record. — 
The criticism of the writer’s paper on transposition (see heading ‘“Transposition — 
of _Hydrographs”) is well taken. Smaller areas generally have the steeper 
_ The use of diagrams of distribution percentages on successive days, as : 
illustrated by Fig. 4, should prove usefulin many cases. 
er time of concentration has been used in many ways. ‘The writer cone 
curs with the definition (see “Synopsis”) that concentration, under a continu- 


z ” The v velocity of the e stream generally in increases with the , stage, but 
it is fairly constant at higher stages. _ For this reason, best results with the unit 
= method are obtained with unit distribution | percentages derived from 


the higher storm intensities. _ The time of concentration for a given basin, 
therefore, will be relatively long for the lighter rains. In the case of- overland 
flow, the time concentration may be materially affected by the original 

‘ moisture content of soil and vegetation. Variations of from 50 min have 
been observed on the same sod covered 
ig. 5 is a constructive suggestion in estimating base ‘The author 

‘ ane. (see paragraph before “Conclusions”): “Both methods rely v very heavily 
on correct determination of percentage of run-off and ground-water flow.” 

_ This truth is worthy of amplification. Net rainfall is not primarily a percent- 
age of rainfali. It is rainfall minus infiltration, after surface run-off begins. — 
Wherever automatie-recording data of rainfall and run-off are available, or 
wherever the soil infiltration capacity is known, run-off can be estimated — 

accurately by the unit graph or by some other methods (see Table 7). When 
only daily quantities of precipitation are given, iti is impossible to know w whether 
this rain fell in 2 hr or 10 hr. In this case, the estimate will be more or less. 
-8pproximate and estimated percentages of run-off will suffice, = 

In n Fig. 3, the uniform rate of net rainfall persisted for five units of time 
and ceased at the time of concentration. The tail of this graph ended six time — 
units after the concentration period, or Time 11. If the rain ceased at the end 
of Tim Time 2, the figure shows (at the bottom of the hatched area) the termination 

; of run-off at the same point—Time 11. This violates two observed facts in. 

. ‘nature: (1) For a uniform rate of rainfall, the time base of the hydrograph 

% for a short rain is less than the t time base for a longer rainfall; and (2) for 
any duration of rainfall the area (volume) of the tail of the hydrograph is equal 
to the area (volume) of net rainfall, up to said duration, above the hydrograph. 

This accords with the storage bei aM? 


%*“* Synthetic Unit Graphs,” by Franklin F. Snyder, Transactions, Am. quan 
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SHERMAN OF RUN-OFF CHARACTERISTICS 


a, ‘The author criticizes the unit graph method, particularly ¥ with 1 reference to 

_ applications extending beyond the time of concentration. He states that the 
method will follow an actual hydrograph v very imperfectly, s sometimes giving Bi. 
a -results i in excess of true run-off rates. He proposes another method. 


-TABL E 7.—ALTERNATE METHOD or ANALYZING A CONCENTRATION CURVE 


‘Time | Rai Infiltra- 
in i tion, in i tion 


per hour ages) 10 20 30 


: 


823538 


10.26 | 100.0 | 1.55) 1.55 


ai The wri writer has not observed such discrepancies unless the unit graph method © 
was misapplied or unless the data for a unit or distribution graph were inade- 


quate. a writer presented a hypothetical concentration-time graph in his — 


be 


_ Unit Graph Computation 
~ Based on Test No. a 


= 


Rate of Run-off, in Inches per Hour 


Fic. 10.—CoMPaRISON oF -CoMPUTED WITH OBSERVED HYDROGRAPH 


the time ‘of concentration. As a check, there- 
- fore, he has computed a aeaage of run-off due to an actual rain of 1.73 in. 
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per hr for’ 65 min, with a) skeown run- “off of 89 per cent. The computations ar are 
shown in Table 7. i} The computed hydrograph is shown in dotted line on 
Fig. 10. The observed hydrograph, shown solid, is one of a series of tests made a 
_in the Fall of 1937 at the Soil Conservation Experiment Station at Bethany, 
-Mo., by Messrs. C. M. Woodruff, Dwight D. Smith and Darnell M. Whitt. 
q A rainfall simulator was used on a plot 7 ft wide and 73.6 ft long. _ The slope . 
q was 7.19% covered with blue-grass G) 
"The writer derived a 10-min distribution from an observed hydrograph 
|} known as Test No. 4. He applied this distribution to the rainfall data of an 
entirely different “storm” designated as Test No.9. 
The ‘result speaks for itself and the writer offers rs no apologies for the unit — 
graph method as a practical working alt 
The observed infiltration rates, as given for Test No. 9, were used. Almost 
identical results would have accrued had the writer used the a average ze infiltra- wy 
tion capacity of 0.158 in. per hr based upon the average of 15 tests made at 
an * Apparently Fig. 7 is inconclusive. One peak is checked very well by both 
methods. The other peak is checked very poorly by both methods. The 
_writer suggests that if an infiltration capacity had been used, instead of a per- 
centage of run-off, both results would have checked. 
a In Appendix III, Table 2, the percentage distributions for a hypothetical a 
; one-day storm and a three-day storm are given, together with the statement 


that three days constitute the time of concentration. The writer cannot recon-— 
ile these statements. 2 Both conditions cannot be assumed. Le Each i is a ae 


such ¢ as s Tables 3 and 4, was not checked against an observed bydrograph. 
The author may have developed a desirable principle that would effect an 7 ; 
oe over the unit graph method, but, in the -writer’s opinion, this q 


Ricumonp T. Zocu,!” Esq. (by letter).— 
( certain theories of rainfall, run-off, and stream flow is contained in this pot Poy 
and it is gratifying to find many « of the assumptions, upon which Mr. Meyer’s _ 
paper is based, explicitly stated. In the past, many of the writers dealing 
with this subject have not stated the assumptions involved nearly as explicitly. 
It is gratifying also to find the concept ¢ of the histogram | of the drainage area 
we 
= Meyer’ s treatment of the depletion curve (which he calls the storage _ ae: 
curve) is theoretically sound, practically convenient and commendable, with 
the ex exception that, strictly speaking, the depletion curve begins : at a time equal — - 
to the concentration time plus the duration of the rain. _ His treatment of the | 
concentration curve (a section of the hydrograph which he has also named most _ 
appropriately) i is also theoretically s sound and practically y convenient; but « + ll 
so in the section of the hydrograph which comes before the end of the rain, or _ 
= concentration time, depending on which of these two times comes first. _ 
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ON ANALYSIS OF RUN-OFF CHARACTERISTICS 


"ments whiah do not seem to be entirely correct. Most of these are in the all 
c graphs under the heading, “Analysis of the Hydrograph,”’ and it is believed well ome 
to point out in detail the statements in which the writer’ s views differ from 
_ Mr. Meyer’s. For example, he states, “* * * after a short time lag the run-off Me 
will be approximately proportional to the rainfall ee and further, “It is a 
sumed permissible to treat the run-off as a constant percentage of a uniform 
rain.” These statements require much explanation in discussing them. — First, Ba: 
it is necessary to distinguish between run-off and rainfall on the one hand, and 4. ‘ 
_ the rate of run-off and rate of rainfall on the other. The first two are measured By 
Z ini inches and indicate depths of water which have run-off or fallen, respectively, 


up to time t, whereas the other two are measured in inches per heir and are, 2 


: Pectin the depth of water running off, or falling, per unit time at a given — 

Again, as regards run-off and rate of run-off, it is necessary to distinguish — 

~ carefully between true surface run-off and underground (internal) drainage. A 
When the soil is not saturated, there is always some infiltration and internal " 

_ drainage, but the rate | of infiltration may exceed the rate of internal drainage. 

_ As soon as the soil is completely saturated, there is still infiltration because _ 

_ there: is also internal drainage; but the two are veces with a ) uniform con- n 


- (which time may occur ipsa tad some time after, but never 
before, the time of complete saturation of the soil), the rate . of the surface 
run-off is a constant percentage of the rate of rainfall. It is this condition ate 
_ which Mr. Meyer probably had in mind when he made the second statement ea 
Consider next the capacity of the soil to retain water. The soil r may ‘Te- 
_ tain water by internal absorption, or it may retain water as surface pondage. — - 
In the theoretical treatment of rainfall, run-off, and discharge, it is always” 
possible to distinguish between the internal capacity of the soil and its ex-— 
. ternal (surface) capacity. However, and naturally, the equations involved are 
“more simple if this distinction is not made. Again, from the practical point of 
_ view the distinction is certainly not always necessary, because nearly all the 
internal drainage subsequently appears as discharge. In astream large enough ; 
_ properly to be spoken of as a river, only the internal drainage in the im mediate _ 
:” vicinity (broadly speaking) of the gage will not appear as discharge at the gage a 
_ Go to the soil a little distance away from the gage, as well as all the soil still 
- farther up stream, and all the internal drainage, pi the same as all the true 


‘ “and rate of run-off are consi 


_ Consider now the foregoing statements of Mr. Meyer from the point of view 

1 of rate be rainfall and rate of run-off. © Ww hether the rate of rainfall i is oer 
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rai rainfall. After sufficiently long time (theoretically. an infinitely long 
time—as Mr. Meyer himself states on a later page in another connection—but z 
practically, after the lapse of a number of hours, depending on the nature and Pie 
Soeome 9 of the soil), with a uniform continuous rate of rainfall, the rate of 7 
_ run-off must equal the rate of rainfall. - This sufficiently long time, of course, 7 
4 ‘must be long enough for the soil to become completely saturated—or ' water- 
logged would probably be a better term—and the rate of infiltration is exactly _ 
equal to the rate of internal drainage. _ At no moment during this period of _ 
approach to the time when the rate of run-off will be exactly equal to the rate 
of rainfall, however, is the rate of run-off approximately proportional to the rate 
:. of rainfall. The rate of run-off is proportional, however, to the water remaining . 
. with the soil. In many cases, the rate of run-off will be a constant percentage — ai 
of the water remaining with the soil, although in some cases undoubtedly it is a 2 
function of the amount remaining with the soil rather than a constant percent- 
age. The percentage of the rate of rainfall running off at any instant of time 
“steadily i increases from the beginning of the rain until a time is reached when 
_ the rate of run-off is exactly equal to the rate of rainfall. 7 ee -ngUeniane 


— 


an The steady state of run-off is that state at which the rate of run-off exactly 
the rate of rainfall. _ There i is also a steady state of but 


exact expression which represents the rate of run-off as a a 
: of the rate of rainfall for any given time. This has actually been done by the 
1 


_ writer in the paper to which Mr. Meyer refers,* and it forms the basis of later 
papers following it, to which Mr. Meyer does not refer. iil The differential 
equation® gives rise to an equation which contains the exponential function. > 
_ This equation probably represents what actually takes place in Nature with 
i "remarkable exactness as the time of the steady state is approached; but in the 
a " initial range (that i is, immediately after the beginning of the ) rain) i it may be 
~ only a rough approximation to what occurs in Nature. For this reason the 
idea of treating the rate of run-off as a function rather than as a constant _ Ps 
percentage of the water remaining with the soil has been recognized and, to “Te 
eh Consider next the statements by Mr. Meyer from the point of view of run- off 
and ri rainfall. The rainfall that has fallen up to time ¢ is represented by r t 
a in which r is the rate of rainfall and ¢ is the time, whereas the run-off which i? 


has | disappeared up to time ¢ is -Tepresented by (rt — — rc), in which c is the 
_ capacity of the soil. Clearly, one cannot say that, as the rain continues at a aa 
- uniform rate (that. i is, as ¢ increases), the run-off that has disappeared at time ba; 
is a constant percentage of the rainfall that has fallen uptotimet, 
‘The statement, “In actual cases the hydrograph is not expected to vary pe 
a ie in shape from one produced by > rain of uniform distribution,” is sone 


on which the writer is not prepared to comment, but it certainly seems that adi 


8 Monthly Weather Review, Vol. 64, April, 1936; and, Vol. 65, April, 1937. alot 
Transactions, Am. Union, 18th Annual Meeting, 1937, pp. 425-426. 
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ing un 


off” and “discharge.” The latter i is the water in a stream and 
account of the time between the moment the water falls to the ground as <2 
and the instant it reaches the point on the stream at which the discharge is 
_ being measured; and this time is a variable quantity increasing with increasing 
_ distance from the gage. The volume of rate of run-off is the water disappearing — : 
from the soil at any moment of time into the numerous steam channels of “- rs 
drainage area. Both of these terms are expressed in cubic feet per second a 
and this may partly account for the confusion between the two. In the state- 
ment, “Assuming a uniform, « continuous ra rain, , the [discharge] pa passing any ny point — ’ 
on the stream will increase as water from more distant parts of the drainage 
- area comes to the point of measurement, ** *” the writer has substituted 


word “discharge” for Mr. Meyer’s word, ~“Tun-off.” discharge does 
not reach a@ maximum at, nor does it become constant after, the time of con- 5) 
centration. For a drainage | area, , the width of which never decreases with 


_ increasing distance from the gage, this maximum cannot precede the concentra- __ 
tion time; but even in areas of this class the discharge does not become 


constant after this. tim he width of which 


oo time of concentration. The duration of the rainfall itself has an important : 

_ bearing | on the time of the maximum um discharge . The duration may may be « quite 

_ short, especially in thunderstorm types of rain, whereas during the winter sea- 

_ son the duration may be very long, and the maximum discharge for any uniform 
‘continuous rate of rainfall can never precede the time when the rain stops. ‘ 
Hence, if the duration exceeds the concentration time there will be no distine- ad 
- tion in the time of occurrence of the maximum discharge arising from different $ 


Quoting Mr. Meyer: “As the streams then have replenishment 
other than ground-water flow, which has been eliminated from consideration, — : 
all flow thereafter must come from depletion of the water in channel or valley — 
_ storage.” In considering this statement, in place of ground-water flow, which, 
as Mr. Meyer states, can be eliminated from consideration, eliminate from — 
consideration the stream flow at the time the rain 1 began. By doing this, only 
_ the flow due to the rain under discussion is considered. — Just the same, much — 
of the: stream flow resulting from a given rain is due to water which at some time | pe 
during the course of its journey from the spot where it fell as rain to the gage 
on mn the iver was under the surface of the soil. / This i is true although the soil ; 
"may have » been completely sé saturated at the beginning of the rain, , because even | 
_ in this case of saturation there is infiltration into the soil, and the rate of infiltra- a a” 
4 tion in such a case is equal to the rate of internal drainage. 7 ‘Thus, after a time me 
. equal to the sum of the concentration | time, plus the duration of the rain, flow a4 


--Tesul Its not only from depletion of the water in the channel storage, but also 


4 
> this statement is worthy of further investigation before be 
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thin “dis- 
charge” occurs four tienen. _ This statement is entirely c correct if in each case the | 
term “discharge” is replaced by “volume of rate of run- n-off,” or also by “rate of 
run-off,” but, spplied to discharge it is never strictly correct from the theoretical i. ‘ 

point of view, , and seldom m. approximatel Correct even from the’ practical point Lo 


is proportional to the additional area, water from which first reached the point 7 

of measurement during that unit of time,” is only partly correct. _ Throughout be -. 
on period of time when the discharge is represented by the curve which Mr. 4 
Mey er very fittingly calls the “concentration curve,” ’ the discharge i is errand 

- for two different reasons: First, the soil in the « drainage area is approaching the | 

limit of its capacity for water and hence a greater and greater portion of ~ 
rain falling upon the drainage area is flowing | off as free water; and secondly, ~ 


x 


- the area that contributes to the discharge i is increasing. _ After the concentra- 
“ time, the entire drainage area above the gage is contributing to the dis- _ 
- charge, and then the discharge continues to increase, but from the first cause 
Be “This break has actually been found on continuous gage records (see Fig. : _ - 
«although storms of si sufficient duration to produce actual basic hy drographs on 
- large drainage areas are * * *” implies that Mr. Meyer believes that for a rain, ; i 


- the duration of which equals t the concentration time, a sharp break occursinthe 


} breaks, but ‘theese breaks are never due to the concentration time ‘equaling the a 
duration of the rain. They may be caused by moving showers of rain which ] > 
‘must move down stream rather than up s stream, but a uniform ec continuous Tain 7 
will never produce | a hydrograph with a , sharp break in it, except in the very - 
special case of a heavy rain with a very short duration (practically, the duration 

_ of the rain would have to be less than one hour). 
Meyer regards the -hydrograph of only two parts, the first 
of which he calls by the very descriptive title, the “concentration curve. a 
Generally, for constant rates of rainfall, the > hydrograph consists of four distinct _ 
parts, which are not in the same onder i in all cases. Suppose, first, that the << 
duration of the rain is greater than the concentration time. Then the four 

_tegnm of the hydrograph are as follows: (1) The concentration curve from the © 
beginning of the rain until the concentration time; (2) the saturation curve | 

a when the area contributing to the discharge is constant, after the concentra- 


_ tion time; (3) the period after the rain stops; and (4) the the depletion curve. 
ae Part (1).—During this interval the area contributing t to discharge at the 

as Part (2).—After the concentration time, the area contributing to the dis- 


charge does not increase, but remains constant; the discharge increases, how-- _ i ; 


ever, approaching a steady state at which the . discharge is equal to the volume — * 
of rate of rainfall falling upon the drainage area. During this interval (which, by, 4" 

_ theoretically, may last an infinitely long time, but practically, lasts as long as 
the rain continues at a constant rate) the hydrograph is represented by the — 
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saturation cut curve, which i is s asymptotic to the straight would represent 


the discharge at asteady state, 
_ Part (3) .—After the rain stops, the discharge is nc is no longer represented by 
the saturation curve. If a steady state has been yn reached’ (practically, for a 
drainage area large enough properly to be called a river basin, such a vaso Sh 
state of ‘discharge i is almost never reached) the discharge decreases immediately. i 
-If.a steady state has not been reached, the discharge increases after the rain ? 
stops until the time of the crest. Here the hydrograph is represented by the 
transition curve which contains the crest of the flood. The transition curve 7 
~ extends from the end of the rain until a time me equal to the duration of the r rain, 
Part (4).—Finally, there is a depletion ¢ curve, which extends from a aan 
equal to the duration of the rain, plus the concentration time me until, theoretically, 4 
an infinite time later, but practically until the beginning of the next rain . aay) 


If the duration of the rain is less than the ‘concentration time, obviously, 
_ there is no saturation curve. _ There are still four sections to the hydrograph and 
a distinction is also caused from the shape of the drainage area. <a If the drainage — . 
area is fan- shaped—that is, if the width of the drainage area increases with — 
_ increasing distance from the gage—the maximum discharge must follow = 
concentration time regardless « of how short the duration of the rain may be. wes 
In that case there a are: (1) A concentration curve from the beginning « of the oy 
until the rain stops; (2) a curve of slow rise from the time the rain stops until 
the concentration time; (3) a transition curve from th the concentration time 
until a time. equal to the duration of the r: rain, plus the concentration time; and 


me the drainage area is such that its width decreases with increasing distance — 


from | the gage, the crest may ; occur before the concentration time. _ Then there a, 


are: (1) A concentration curve from the beginning of the rain until the rain 
_ stops; (2) a transition curve from the time the Tain stops until the concentra- 


tion time; (3) a curve of slow fall from. the « concentration time until a a atime equal + ; 
the duration of the rain, plus the concentration a By, 


"transition curve; and Part (3), a daltien curv e—the saturation curve being 
Iti is for these reasons that the writer believ es ees 8 treatment “ be 


does not believe it proper to consider Mr. Meyer’s s | “basic 
having only two parts. His “basic hydrograph” is naturally divided into ‘hide 


sections and cannot be closely represented by a graph of only two sections. oe &® 


_ One point on which Mr. Meyer does not comment (except in the statement — 


which has been quoted about reaching a maximum and becoming 


infinitely short (practically, less” than one hour), the hydrograph consists of 
_ only two parts: Part (1), a curve of rise, and Part (2), a depletion curve. i | ts) 


- the duration of the rain is exactly one to the concentration mame, the hydro- 
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(ON ANALYSIS OF 

; constant at the concentration time) is the determination of the time when the 

maximum discharge occurs. It has been shown that for a rectangular drain- 
age area, using essentially the same assumptions that Mr. Meyer uses, the time 

discharge is expressed by the function 


the beginning the rain; is the duration of the Lis 

- from the gage to the source of the stream; and, ’ 

Thus, — equals the concentration time, and it should be observed that t this func- 


tion is symmetrical in — and é; and, c is the aS of the soil to absorb wate 


either internally or as surface pondage. Naturally, w: with a differently rae: 


hes and this function “requires modification. ‘stated 
Peis, it is possible to separate c into that part which absorbs “water 
internally and the part which is due to surface pondage; but for simplicity they 
+ are combined here. Naturally, w when they are separated, the function which — 


represents the time of the crest is a more complicated one, and a simple function a 
is here taken merely to illustrate that, even when these capacities are combined, 7 
they influence the time of the crest appreciably, and when they are e separated the - 
influence upon the time of the crest is still more marked. Thisfunctionshows 
— t the time of the crest for this particular shape | of a ‘drainage area cannot | 
. occur before the concentration time, and neither can it occur before the 1e ending» - 
ofthe rain. The capacity of the soil to retain water is measured in hours, and 
when the capacity c is said to equal a certain number of hours (say, 10 hr), 


“one means that at the end of 10 hr from the beginning of the. rain, the rate 2 of | = a 
‘Tun-off from the soil will be ) times the rate of rainfall that i is is falling 


“upon the ground. Thus, the capacity of the soil and i is sthe 
_ time at which the rate of run-off reaches 0.632 of its final value. _ Clearly, this 
: "method of expressing the capacity ¢ of the soil i - simple and convenient. For 
Pree the capacity of the soil may be low. ‘That i is, the rate of infiltration } 
_ may be low, or the soil may be fairly well saturated with water at the beginning ~ 
Sg _ of the rain; or, even if no water is on the soil at the beginning of the rain, it may 
she steep, and hence the surface pondage factor would be low. All of these : 7 
conditions make the capacity of the soil low, and they also mean that the rate of | 
es off will approach the rate of rainfall more rapidly than it would if the ca- 
macity 9 were high. By measuring the capacity of the soil in time, then, o one a 
Measures the rapidity with which the rate of run-off approaches the rate of © 
‘ “a The time of the crest, , as represented by Equation (23), is ‘not greatly i in- 
"fluenced by the capacity of the soil when the ratio of the duration of the rain al 
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the time of ‘the ‘crest is quite antsiiline to the varying capacity of the soi 

Table 8 (Columns (2) and (3)) illustrates this fact, where the concentration — 
time and the duration of rain are given the same value of 50 hr, but the c capacity 
has the different values shown. The times of the crest given in Table 8, 


Column (2), have been computed by means of Equation (23). 


: - Naturally, the change i in the time of the crest influences the shape of the 
i sata , and this illustrates one of the fundamental and outstanding © 
defects of the concept of the unit hydrograph itself. | The unit hy drograph i ie 
based vu upon the assumption that for any drainage area all hydrographs resulting 2 
_ from isolated storms of a given duration have the same shape when reduced a 
_ proportionally to correspond to the same volume of run- -off. Table 8 (Columns 
(1) and (2)) clearly indicates that the shape of the hydrograph may be decidedly " 
_ influenced by the different capacities of the soil, although the duration of the : 
rain, the shape of the drainage area, and the depth | of the rain are exactly the 
The mathematical ios shows that the concept of the unit hydrograph is 
_ practically applicable when: (1) The concentration time is appreciably greater — 
than the duration of the rain and the drainage | area is ‘of such shape that the © 
_ erest cannot precede the concentration times; and (2) the duration of the rain is - 
appreciably greater than the concentration time, regardless of the shape of the _ 


drainage area. Under other conditions, the application of the unit hydrograph : 


TABLE 


RecrancutaR Drarnace AREA | Trrancutar DratnacE AREA 


Capacity; 
soil, 

in hours 


Hours | Hours tod Hours 


on, 


i & |. Maximum Maximum Maximum 
te Time of | discharge i discharge Time of discharge ‘3 
crest, in | in mile- i crest, in | in mile- 
hours | i hours inches 
per hour hour 


‘The a of the time of the crest _ the capacity of the soil upon the 

magnitude of the maximum discharge is also great. Column (3), Table 8, aoe 
_ illustrates the corresponding values of the maximum discharge from a ‘Tec 

_tangular drainage area of 10 000 sq miles and 200 miles in length, and for arate hs 
rainfall of 0.10 in. per hr. These maximum discharges are from 


in which r is the rate of rainfall, and W is the width of the drainage area. bi 
_ the foregoing cases, had the rain continued sufficiently long to bring the entire 


— area to necessarily, \ would be ‘longer than the 
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time necessary bring an an individual unit to a steady state) the 
clearly would be 1000 mile-in. perhr, 


cad The discharges for the corresponding capacities are expressed in mile-inches — 


‘ per ‘hour, and 1 saree -in. per hr can be converted to cubic feet per second, thus: 


1 mile-in. per hr hr = = 12x60 x 60 or 645.3 cu ft per  — nips i 


te For short 1 rains, the time of the crest: does 1 not vary appreciably w with . 
_ tarying capacity | of the soil, provided the shape of the drainage area does not 
_ permit the time of the crest to precede the concentration time, but there ere still | 
will be an appreciable variation in the maximum discharge. Thus for the 
alae conditions that were outlined for Columns (2) and (3), but for a rain of — me 


only five hours’ duration instead of fifty hours’ duration, the — 
"values are shown in Columns (4) and (5), Table 8. 
It should be emphasized that for Columns to (5), Table 8, the rate 
rainfall is the same, namely, 0.10 in. per hr. For Columns (2) and (3) the 
duration is 50 hr, so that the rainfall is 5.00 in.; and, for Columns (4) and (5), 
- the ¢ duration is only 5 hr, so that the rainfall. is only 0.50 in. _ Evaporation — 
_ after the rain stops has been neglected, but formulas to correct the maximum _ 
discharge for this evaporation are readily obtainable. = | 
By changing the shape of the drainage area, different values | again result. 
Equations (23) and (24) are applicable only to a rectangular drainage area.?¢ 
For a drainage area with a width W(z), in which z is the distance above the 
Be and W(z) a function that can approximate the histogram of the ang 
area as closely as desired, the maximum discharge is given by whl oe eel 


| fora duration of rain iain ‘tne concentration time regardless of the shape 


of the drainage area, and also for short rains if the drainage area is fan-shaped; 
or by a similar integral with upper limit v t., if the duration of the rain is less a 
than the concentration time and the width of the drainage area decreases with - a ; 
_ increasing distance above the gage. Naturally, Equation (25) requires modifi- __ 
cation to apply it to varying conditions ¢ of soil | capacity, rates: of rainfall, and 
| To illustrate further how different on capacities give rise to hydrographs : 
od of different shapes for the same drainage area, even if the rain is uniform 
2a j throughout its duration, ‘consider a hypothetical triangular drainage are area, also 
of 10000 sq miles.* For a long rain, duration of 50 hr, the appropriate formu- 
las indicate the values given in Columns (6) and (7), Table a short rain, 
duration of 5 hr, the time of the crest precedes concentration time, with the 


results shown in Columns 8 and 


ae" BERNARD, M. Am Soc. C. E. (by letter). —The unit hydro- 
fs graph, as presented by Mr. Shermant i in 1932, has sustained itself well as the 2 ; 


‘ 


Run-Off—Rational Run-Off Formulas,” and C. E. Arnold, Assoc. 

fein Am. Soc. C. E., Transactions, Am. Soc. E., Tes (1932), Fig. 5, p. 1068. er. 

; River and Flood Div., Ss. Bureau, Washington, D. 
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BERN ARD ON ANALYSIS OF 
basis o ate a ‘rational theory of relationship between rainfall stream wil 
‘as a practical tool for the solution of important hydrologic problems that 
_ previously had depended largely upon restricted, inflexible, empirical methods. 
- Contributions following Mr. Sherman’s introduction of the idea, including that — 
of the author, have injected refinements into the technique and have added to - 
the general knowledge of basic hydrologic relationships. ee aa 
_ The stimulus given the field of applied hydrology by the unit hydrograph - 
mele has created general dissatisfaction among hydrologists with the om 
precipitation data, emphasizing, as it has, the inapplicability of average 24-hr 
"rainfall to problems on-the smaller water-sheds. The result can be expected, 
_ in the near future, to take the form of co-operative effort toward a network of 
recording rain gages over the United States, the beginning ¢ of which is evidenced 
in the 140 such stations established in (1937 by the Commonwealth of Penn- _ 


_ ‘The paper by Mi Mr. aloe er has merit in a freshness of viewpoint, in the suc- 


in the demonstration of the need for refinement in basic hydrologic ieee 
pve Refinement in method, as the writer conceives it, must evidence itself in - 
two ways: (1) By producing consistently better agreement between c computed a 
and observed values; and (2) by adhering more rationally to the phases of the a 

- natural phenomenon of stream flow produced by surface run-off from rainfall. — a 
_ The mathematical synthesis of the hydrograph has a definite place i in this ie 

- field, for the hydrograph is, in fact, a series of related curves capable of being . 
- expressed by three | or more mathematical equations, the factors in which can = 
_ be taken to represent the causes that combine to produce the hydrograph. ; 

‘ fuller understanding of the theory will depend upon the ability of hydrologists ve 

— to inject greater detail into analysis, the confirmation of which must await the he 


availability of correspondingly refined data. 
"* Considering a practical relation between the adopted unit of time and the a 
area of a water-shed, the degree of refinement will vary directly with the 
reduction of the time unit and will be proportional to the extent that the — a 
- variation in rainfall over the water-shed and throughout time can be taken — 
into account. Another source of appreciable error which, it is hoped, may be ‘ 
- removed soon, lies in the inability of hydrologists to separate, accurately, the - 
_ stream flow produced by surface run-off from that originating in ground-water 
Its difficult to associate the author’ s aims with his . generalized assumptions. _ ‘ 
One can agree that total storm rainfall and total storm run- off ff may be expressed 
as aratio. However, as far as the writer knows, the only approximate per- 
centage through time is that existing between rainfall and the hydrograph of 
- flow after the een has been distributed as it will contribute to the flow at au 
the outlet (the pluviagraph), and not in the order of its fall . It is more likely a 
that siamese will take the course of dealing with the losses te to run- off as a 
deduction from rainfall than as a ratio of run- off and a «le 
Before continuing an examination into the author's work, it seems desirable 
_ to consider the least understood and most loosely expressed factor entering a 
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ea of flow) from the most remote point of the water-shed to the outlet. > ; 
ater it was conceded that distance from the remote point to the outlet must ; 7 


of which all parts of the water-shed are to peak flow. 
unit- hydrograph studies the concentration period is shown as the time interval -~ 
between the respective centers of mass rainfall and resulting hydrograph, which 

is closely related to the peak ordinate of the hydrograph. = = 
te he author d describes the time of concentration as that at the end of which © 


n-off becomes constant. Does ‘he mean run-off (inflow) into storage, or 
shoes (outflow) out of storage? If he means the former, it would seem aye, 
that wide fluctuations in the rate of rainfall r must preclude the possibility of P. 
- inflow prevailing at a constant rate for any appreciable time. If he means the , 
ow the assertion is not borne out in the shape of the normal hydrograph. - Za 
First, it must be understood that the concentration period | cannot be : 7 
mahal factor on any water-shed; it must v vary according to the limits fixed E ; 
¥ by surface cover, the channel characteristics of the collecting system, and the = 
distribution of rainfall over the area. _ Time of travel through the system of a 
3 channels varies s inversely with depth and effective hydraulic radii, fair stability 
being reached i in both average velocity and wave as stages 

If the time of paueniiiii is considered to be that at the end of which all _ 

- parts of the water-shed are contributing to peak flow, one must still be critical, 

because it is known that on a particular basin rainfall may be so ron 
concentrated over the lower principal tributaries as to create the peak of the — 
_hydrograph before outlying» areas produced and delivered effective 

quantities of A 
that surface retention and will prevent contributory flow 4 
appreciable are areas during the peak stage, their to 

= The writer te felt for some time that there i is definite place for oletivadheieed 

-‘Tesearch ij in any plans there may be, i in order to refine one’s s knowledge of rainfall- 
_‘Tun-off relationships; and it seems to him that, with a little exercise of the ™ 

_ imagination, the phenomenon of flow assembly can be explained as follows: 
Select a unit of area on a natural water-shed of such size that a detailed 

view of the whole may be had from a central position, say, an acre. Take a 

- position at the beginning of a downpour and note that the water at first soaks 
= the ground. Water begins to accumulate in the depressions and soon 7 


¥ 


88101 
overflows and combines into a system of heretofore indiscernible small channels. 


The Jenna from the unit area accumulates ge at the lowest corner where 
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case antecedent 1 rainfall has largely ‘satisfied. this initial | condition, 80 that the 
run-off begins ‘quickly, and assembles and discharges at a higher r rate ro 
‘The observer visits his unit of area on numerous: occasions and notes that Pe 
although there are obvious differences in the amount, and in the rapidity with - 
_ which run-off flows to the outlet and j joins tl the flow in the small outfall channel, — a mn 
there is a a marked stability i in the regimen men of flow assembly. Run-off begins, Pa 
- combines, discharges from the area, and reaches the outlet in 1 about the same 


manner from each rainfall of unit-time duratio God 


It is not difficult, then, to envision a water-shed comprised of unit areas ek i 
: which are related i in the common characteristic of the time taken by their run-off — im 
waters to reach the outlet. . Inans natural water-shed these units would arrange 
themselves with reasonable continuity along lines conforming fairly well to ss 
surface contours. is isochrons, or “time contours,”’ would differ from the 
4 surface contours in that, whereas the latter would bet roughly parallel and would © 
Teach up into the principal tributaries of the system, the isochrons would be 
- foreshortened because of the much higher rate of travel of the water after it “4 


has reached the principal channels. = 


_ To organize a mind picture of the process along these lines consider: 


A water-shed reflecting normal regional characteristics; 
(2) A surface contour entering the water-shed at a line normal to the outlet; 
7 _ (3) Anisochron connecting the outlets of contiguous unit-areas entering the 
-water-shed at the same point as the surface contour but bearing down-slope — ad 


as it continues into the water-shed in order to maintain a constant delivery x 
_ period (thus it provides for the obvious necessity of reducing the distance from 
the unit-area to the channel system in a direction normal to the latter in order 
to compensate for time of travel through the channels to the outlet); and, on 
A map of water-shed, developed through acceptable analytical pro- 
~ cedure (and based, if possible, on observational data) showing the unit-areas _ 
_ having a common time of travel from their outlets to that of the wonelae 
arranged along isochrons at fixed-time intervals, as the hour. pas astral ae 
_ Concentration time may be expressed as the time required by the first water a 
leaving a series of unit-areas onan an n isochron to reach the outlet; | OF it ; may 
considered as the time 
pletely, the resulting from a unit-time is better understood 
as an 1 enveloping li line of equal time under which all of the units are contributing 
to the flow at the outlet within the . Ifthe : 
_ map shows lines of equal time of concentration at hourly intervals, ‘a the 
areas progressively enveloped by ea each are are determined, one can say say | that at the iF 
end of the first hour so many acres will be contributing to the flow at the % 
outlet; at the end of the second hour so many more units, or a total of so ) many 
“units will be contributing—and s so on to the outer limits of the water-shed. ‘= 
Thus, in the isochronal map, one discerns the principal reason for the constancy a 


in the time- base of a hydrograph resulting from rainfall confined to a unit of — 
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‘recessional. : Thus far this discussion has had to do with the r rising ‘and peak 
stages. i The rise is accounted for by the fact that the flow at the outlet is — 
increasing because of (a) an increasing depth o over the unit-areas already con- 
tributing to the outlet flow, and (b) an increasing contributing a area. Thelatter — 
influence on accelerated flow is removed when elapsed time has progressed ] 


-: ‘the cessation of rain is coincident with the end of this time- -period the result 

is a unit hydrograph as conceived by Mr. Meyer. There are two conditions, — 
however, that must be satisfied before the analyst can be assured that the 
hydrograph will peak at, or shortly after, this time interval, and not before. 
First, the water-shed and the collection system must have fair uniformity in — 

: shape and in pattern. _ ‘That i is, the isochrons m must b be fairly re regularly ‘spaced ; 

not concentrated around several important contributory branches" dis- 


_ upward and over the isochronal map to the outer limits of the water- shed. a 


harging near the outlet and thus leaving appreciable areas at the outer limits 

of the water-shed to be represented by. widely spaced and comparatively few 
Re:  jsochrons. Second, the rainfall must be uniform throughout the time interval — 
and over the water-shed; because, if normal variations are considered, it is A «4 
- obvious t that heavy concentrations in the early part of the period and over the — 

~ lower part. of the water-shed will create the peak of the hydrograph before the - a 
: more remote parts are contributing. Continuing rainfall will build up a 

gradual i increase through the peak phase until a period of rainfall equal to the 
: time-base of the unit hydrograph has passed, after which the peak will = 
a or decrease with the fluctuations in rainfall intensities to the end of the rainfall 

period. hydrograph now starts downward through the recessional phase 

_ which constitutes withdrawal from the water in storage in the channel system. 

ahd _ Concentration time has been discussed as if it were a constant characteristic _ 
of a _water-shed. “This” is true only within limits that are believed to be 
telatively unimportant when other errors inherent in hydrologic data them- 


selves are taken into account. Variations in the concentration period are 


“trbutable tothe following causes: 


and developmental changes in vegetal cover of the water-shed 
affecting the quantity and rapidity of run-off; — fee 
- — (2) Seasonal changes i in bank and channel ‘growth affecting the movement — 

(8) The initial depth of water in the ‘channels 1 at t the | beginning of run- o: 

(4) Variations i in the distribution of rainfall over the water-shed as these 


variations affect the assembly of flow and propagation of the flood wave e which a ae 


the hy drograph at at the outlet of the water- shed. 


If the actual of flow during a period of flood run-off is considered, 
one ean appreciate the inappropriateness of applying average velocities to the | 
‘moving water. The synchronization of flow assembly on a drainage ar area of 
‘bow regimen varies only slightly rene flood period to ) flood period—a fact “a 
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Likewise, the conditions of the storage must see met (that 
within a unit of time , inflow plus or minus changes in storage must equal 
outflow). _ Inflow is a highly variable factor, being the sum of innumerabl 
and widely varying contributions to flow discharging into channel storage along _ 
both banks of the entire channel system. Outflow is much less erratic in 
fluctuation, rising: to and yeni from a crest stage with the regularity of a a i 


"storage equation must be by rapid changes i in the configuration of 
the storage volume, creating irregularities in hydraulic slope and a 


section which are recognized as characteristic transitional waves. 


FRANKLIN F. Snyper,” Jon. Am. Soc. E. (by letter) —A “revision 


of current methods for the: determination of stream flow from rainfall” j is 
presented in this paper. _ The author uses time of concentration (defined as 
— length of time until run-off becomes constant from a continuous rain of con- 


= 


stant intensity) and a basic hydrograph | to define the run-off f characteristics hie 


_ The writer will show that if the user of the unit hydrograph and the user oy 
a the basic hydrograph could agree on the time of concentration for any area, ‘ 
_ the latter would be identical with the former as obtained by use of a unit 
_ hydrograph under the same assumptions. Of course, this would require that 
the: agreed time of concentration be equal to the duration of surface run-off — 
from a short duration or instantaneous storm, and would be a different quan- 
_ tity from that used in the rational method of sewer design, 
vm Definitions not given by the author are required, with the introduction of — 
the term, “surface run-off” or “flood run-off,” as distinguished from “ground- — 
water run-off. “Surface run-off” is usually defined as storm water that 
reaches the « open drainage channels without penetrating the ground surface; 2 
- but, the separation of surface run-off from ground-water run-off is usually 
r made on hy drographs by drawing a horizontal or slightly inclined base flow et 
line under the flood rise. | ‘The base flow rate is usually fixed by a low value — 
of the stream flow previous to the flood rise. The time involved for the dura- ey 
_ tion of surface run-off varies approximately from three to ten days for areas 
— of from 10 to 10 000 sq miles. The flood run-off thus obtained may, or may ot 
- Table 9 gives a seein unit hydrograph derived by synthetic procedure!* 

a sae the stream flow station of the U. S. Geological Survey at Big Piney Run 
near Salisbury, Pa. (drainage area equals 24.5 sq miles). The ordinates as — 
tabulated are for the end of the designated two-hour periods. Fig. 11 
the two-hour unit hy drograph and the cumulative plotting: of the 

? ordinates of the unit hydrograph, which i is the run-off = computed with — 


_ of time, Table 9 also gives the four-hour unit hydrograph for the same area. 
This “hy drograph | is the two-item progressive average of two-hour unit 


Associate Hydrologic Engr., U. Ww eather Bureau, Pittsburgh, Pa. 


unit procedure. To show that Fig. 11 is of the unit. 
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“hydrograph The unit hydrograph would be the three- item progre 
sive average of the two-hour unit hydrograph, etc. 

ao It should be emphasized that if an area is such that satisfactory results can _ 
A - obtained with a unit hydrograph for four-hour rainfall quantities, the four- 

TABL E 9.—Unit HyprocrapPH ORDINATES, In CusBIc FEET PER Src 

Two-Hour Inrervats ror Bie Piney Run NEAR 


Sauispury, 


nit Hypro- Unit Hypro- Untr Hypro- Hypro- 


Two- | Four- Period | Two- : Period | Two- Four- 


hour | hour hour ho hour 


i 
12 133 


119° 123 
110° 114 


30 102 | 
300 98 
9 
196¢ | h 
176 186 66 


169 60 | 63 


* 1 650 at seventh hour. _ + Recession coefficient of 0.92 applicable after twentieth hour. 


hour unit hydrograph ordinates would usually be tabulated at intervals of 
| four hours rather than two hours as in Table 9. However, there is no reason a 
4 why two-hour ordinates cannot be used with rainfall tabulated every four j 


The continuous rain ¢ of 1 in. per 2 hr (in this case 2 in. per 4 hr) can be 
- distributed with the four-hour unit hydrograph by the usual procedure of 
in vertical and adding horizontally for the totals. The hydrograph 
_ obtained is exactly the same as the basic hydrograph defined with the two- 
_ hour unit hydrograph. The same result would be obtained from a six-hour 
hy drograph and a continuous rain of 3 in. per 6 hr. 
The time of concentration by the foregoing procedure i is 88 hr, although — 
_ the last two days do not increase the discharge very much. The basic hydro- | 
graph obtained from the two-hour unit hydrograph (run-off graph of a two- 
hour storm) and the author’ s method of synthesis is shown in Fig. 11. The 
_ author’s values of A, given in Table 1 of the paper, were used with ae: 
“of the two-hour unit hydrograph at 1-hr intervals. The procedure failed t : 
define the concentration curve above a value of 6 245 cu ft per sec, 80 what 
considered a reasonable extension was made and is shown a br oken 


e author’s time of concentration is sevidently 
less than the duration of unit as ordinarily used. 


— 


tabulating the product of the unit rainfall, times the unit hydrograph ordinates _ 


SNYDER ON ANALYSIS — 
_ 
— 
— 
Period | Two- | Four- || Period | 
—| 
n 
4 
eit — 
il 
| 
sg 


_ ‘SNYDER ON ANALYSIS OF RUN-OFF CHARACTERISTICS 


the run-o off (w hich i is “flood run- 
run-off as previously defined, the time of concentration of 12 hr, and the basic - 
 hydrograp ph as with the author’s procedure, would probably be a atrue 

- Picture of what occurs. However, much of the run-off which at present is 

called” surface run-off is not true 
Basic Hydrograph surface run-off previously de 
by Author’s Method 

of Synthesis it is sub-surface storm flow 
which penetrated the surface of the 

ound on its way to the 
channels, but did not reach the stable 
“ground-water table. The recession on 
sides of unit hydrographs are storage 
depletions, but not from channels 
alone. In other words, part of the 
—j run-off from every unit of rainfall is at 
destined to pass through this tem- 
porary ground storage and reach the 
gaging station later than would 


___Cumulative Two-Hour 
Unit Hydrograph 


Discharge in Thousands of Cubic Feet per Second 


‘method 


Fie. 11 it may be necessary to 


Separate the true surface run-off from 

sub- surface storm flow and ‘discharge since it appears 
that there is a limit to the sub-surface storm-water storage and flow for any e 
particular drainage basin. . Thus, in very large floods, due to the maximum — 
being reached or a limit set by existing infiltration capacity, a greater per- 
centage of the total flood run-off occurs as true surface run-off as compared © 

sub-surface | storm flow. . This gives a unit hydrograph with an earlier and 


floods. This difficulty requires special adjustments in ‘the unit hy drograph Fs 


‘procedure and would probably require similar adjustments in the use of a © 


Fig. 12, showing - the rainfall and — records for the storm of October 
27 and 28, 1937, on Big Piney Run, illustrates the foregoing discussion. i hare 
_ A rational time of concentration for the small head-water area, ween i 
longest channel is eight miles with a drop of 300 ft, would not be more than % 
four hours at the maximum. The lag for the area, which is believed to bea —_— 
more important hydrologic characteristic of a naturel drainage basin than time a 
of concentration, is about six hours. b Lag is defined as time from center of 
__- mass of surface run-off producing rain to peak discharge and tone to be a 


_ The U. S. Geological Survey topographical maps show some swamp area 
_ bordering on the two main channels, but in general the topography is quite 
rough, with a range in elevation from 2 800 to 2 200 ft. bird ‘It is felt that the | 
- swamp areas might be the cause of im much a as one hour out of the observed a 
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Pron The Big Piney recording rain and snow gage, ea on the Big bis en 
: Basin, shows a a continuous rain of 18 hr of fairly constant intensity, preceded © : 
_ by several short periods of precipitation and followed by 12 hr of precipitation —__ 
at a lower but fairly constant rate; yet the discharge hydrograph shows no © 
- tendency toward a constant discharge at the crest. As a matter of fact, the — 
: unit hydrograph procedure for this storm gives a flatter crest than the observed © 
oo due to the rainfall of decreasing intensity at the end of the storm. = 
Kg. 12 shows the dischar ge hydrograph from the basin rainfall 


Feet per Second 


cipitation, in Inch 


in Cubic 
Pre 


5 


x 


‘for a few of the items. The computations were dutenil through the use of a 
a surface run- -off recession coefficient and the addition of a composite column Ww 
whieh includes the recessions of discharge of all 2-hr items that have passed a a 
the twentieth hour. The increasing percentage of run-off was based on rain- a 
5 run-off relations used i in forecasting \ work i in which h ground-wa ater —_—— 

used as the index of run-off conditions. 


ve to be. ‘quite similar to 
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that a basic can be agreed upon n for any there 
are several weaknesses in its analysis and synthesis as given by the author, 


aie 


7 If a time of concentration of 12 hr i is ange for the drainage basin bie 


14937, on Bia SALISBURY, Pa. 


_ October: —s|_ in inches | in inches | Distribution of surface | Com- | Sur- 


run-off 
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Initial loss. 


The the items a ‘run-off from | 4P.M., October 27 to 6A. M. October 


charge i is earlier for the 7-hr rain than the -hr rain. ‘The possibility of 
beeper an occurrence seems very slight. 


Another point is the fact that if rain n ceases after some unit area, say the = 
sixth, has contributed its h-value at ‘the gage, the author’s ‘procedure imme- Me 


“diately begins to decrease the ordinate of discharge contributed at the gage 
- by this aren wh hich is six units of time away y from the gage. This means that 


126 N-OFF CHARACTERISTICS 
— 
TABLE 29, | 
q :ET PER pe 
— 
— be 
flow | dis- 
— 0.08 | 003 | 28] 34] 4]....] .... | 66) 2 | 9 © 
. | 028 | 015 | 30] 96] 14] 22] 162 190 of 
— 020 | O11 | 18] 104] 41] 72] .... | 248] 28 | 276 
0.27 | 0.16 44] 207] .... | 396 
t. | O50 | O37 | 6] 25 133] .... | 699 26 4 
— 040 | O81 | 5] 19] 11] 80] .... | 927] 26 953. 
| 033 | o26 | 4] 16] 8] 54] [1254] 25 | 1279 
| 028 | O24 |....] 14] 7] 42 (4 | (25 | 1516 gl 
035 «| O30 | 36].... 17 11606 | 
030 | 024 | 144] 29]....] 29 1-549 1573 
Use or Recession COEFFICIENTS: (21 + 29) Trmes 0.92 Equats 46 
00Noon | 0.15 | 0.13 | 414] 115] 16 46 | 1587] 23 | 1610 
00P.M, | O16 | 0.14 443 | 331 | 62] 17 1550 | 22 {1572 
— | 013 | 0.11 | 266 | 356 | 180} 67] 86 | 1388 | 22 | 1420 
00 | (0.08 0.07‘ | 159 | 214 | 192 | 193 | 113 | 1234] 21 | 1255 In 
0.07 | 0.06 | 108 | 127 | 116 | 207 | 170-| 1109] 21 | 1130 
0.05 | 004 | 84] 87] 69] 125] 212 | 
69 | 67] 47 | 74] 242 850} 21 
— 29; | | 59] 55 | 36] 50] 266 | 730 2 A a B 
— 
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the of flow from the area which have already started their 
_ through the drainage system are decreased simply because it ; stops raining. 
The author’s use of a recession coefficient is very timely. This coefficient 
eliminates two- thirds the work involved in unit hydrograph 


The author’s illustration of the fact that ground-water discharge is a reli- 


_ aes index of run-off conditions is to be commended. However, the statement 
ground- water flow no characteristics ‘to identify it with any 


4 be used as a , successful index of run-off conditions, a papas defined procedure 
must be available for delineating ground-water discharge. It is difficult to _ 
accept time of the year as a satisfactory medium f for this purpose. 
fon: depletion and storage curves provide a ready 1 means of identifying, “| 
"quantitatively, the ground-water or recharge with particular periods 
_ The statement that the unit hydrograph procedure and a continuous rain 
will frequently give a run-off rate exceeding the product of the rainfall rate / 
and the percentage of run-off is difficult: to understand. ‘The continuous a. 
of 1 in. per 2 hr and the two-hour unit hydrograph for Big Piney Run give 
a peak discharge (100% run-off) of 7 915 cu ft per sec which i is, of course, & a 
run-off rate equal to the rainfall rate of 0.5 in. per hr. 
In considering the probable accuracy of the author’ s synthesis of a hydro- 
_ graph as compared with the unit hydrograph procedure, especially in flood 


the unit hydrograph procedure. It has been the writer’s experience that the _ 
- thres main problems in computing an accurate discharge hydrograph from 


are the rainfall the = run- that will and the 


: —_ it is. doubtful whether the proposed methods are far superior to id 


“a the shaping ap of the discharge hydrograph is the easiest to iii Te ‘ 
_ ~By this, it is not meant to infer that the assumption of a uniformly distributed B 
Ash rain of constant intensity might not be the best for certain flood control studies. 

ia In comparing the flood reduction benefits available at some particular point 
oe reservoirs at various locations, it may be more desirable to have a venti 


sistent procedure rather than to duplicate probable quantitative occurrences. — 


- 


owe G. Hoyt,* M. Am. Soc. C. E . (by letter). —Through detailed analyses, 
such as deseribed by the author, a mass of valuable information is gradually 
being accumulated relating to the characteristics of surface run-off resulting — 

from | precipitation in the form of rain. ‘It appears that at present the appli- 

se of the unit graph and similar methods, such as that described by the 


author, must be largely confined to problems involving flood run-off resulting : 

from rain, and to areas where the run-off reaches stream channels essentially — 
as overdend flow. : In the eastern part of the United States its application to i 

flood problems during periods of no snow has been demonstrated amply. 
results may be obtained, however, if application is attempted 


— Engr. ), Branch, ‘S. Survey, Washington, D. 
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snow, 
ori in areas where the greater part of the stream discharge reaches channels _ 
through the ground. - Under such conditions failure to substantiate earlier £2 


4 findings may be attributed enemy" to flaws in basic principles, whereas - 


run-off that reach a stream po the queued with a "responsiveness 
approaching that of direct 
Most of the basic data underlying the theory of the unit _ graph, the basic 
_hydrograph described by the author and, in fact, much of the present knowl- 
edge r relating to | the flood run-off have been based on observations made in the 
north-central and northeastern parts of the United States. . In these gute 
: relatively: (a) The greater part of the flood flow is essentially direct surface 
run-off; (6) infiltration rates and retention capacities over large areas, , during: 
major flood periods, are relatively small; and (c) periods involving large quan- — 
tities of melting snow are generally found inapplicable for study. Iti is only 
natural that some ‘modification in principles thus derive ved may be ‘necessary 
before they are applicable in parts of the central and much | of the western | 
part of the United States. In this latter re region, flood run-off—e: sap —especially from 
- the Sierra Nevada, Rocky, and northern coast range mountains—is largely 
associated with run-off from melting snow; and, in the southern coast range 
and semi-desert regions, infiltration rates pay retention capacities, in general, od 
are apparently very high, | and only a small part of the oe ORT 
It is in the latter areas, especially, that much more hy drologic research with 


Ce 0. Cuark, 24 Jun. Am. Soc. 1. E. (by letter) —In bringing to the 


attention of hydrologists the alteration of the hydrograph effected by channel : 
_ storage, Mr. Meyer points to an agent ordinarily considered to be small, but an 
understanding of which is essential to one striving to avoid misuse of the unit 
_ hydrograph, and to reproduce or predict stream flow with greater accuracy. a 
_ Any one wishing to make a more extensive e investigation into this problem | a 
will find the theory expressed i in the Muskingum method of flood routing a a % 


valuable tool for correlating Mr. Meyer’s analysis of the hydrograph with the 


familiar function of storage in the usual routing of floods. 


the The writer is familiar with no generally available publication which explains 


t this method, but reference to it, and definition of of terms, have been :made by’ i 
-Knappen,? 2 M. Am. Soc. C. E. The terminology ‘used | by Mr. Knappen is — 
adopted herein, and the formula is not repeated. 


. Further "development of the flood routing equation si 10Ws, in addition to the a 


’ 


explanation i in the aforementioned discussion, that — 

Asst. Engr., U. S. Engr. Office, Norfolk, Va. 


toiag “National Aspects of Flood Control: A Sy mposium,” Transactions, Am. Soc. C. 
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storage- | equation, and which, ‘whee ‘storage varies s directly w 

discharge, is the author’s C2.  Knowi ing the value of K, and its variation with 

discharge, one can di determine a  storage-discharge curve, about which storage 
7 studies revolve, regardless of whether the ratio of total storage to instantaneous « 


map is a constant or not, as long as the variation of the ratio is uniform. 


where the convenience of use outweighs: the desirability of accuracy, or 
the quality of fundamental data does not warrant the refinement of considering . 
the variation. The writer is of the opinion that the assumption of uniform 
--variation is sufficiently correct on many, and most, streams to warrant calcula- fi 
tions on that basis except Ww here reliable hourly records of ey are re available. yo 


‘The greatest advantage of studying the hydrograph with this tool may prove Ds 
to be the indication that the e storage i in the; ground- water table 1 may be « correlated } 
a with stream discharge stage and thereby enable one to use values of run-off that 7 
p will be not less than the monthly average run-off, without resort to the } some- - 
7 what confusing and highly artificial concept of variable base flow. For example, 
ona particular stream, with a drainage area of about 1 300 sq miles and 75 
7 miles maximum length, the minimum value of ““K”’ on the falling limb of several | 
_ hydrographs of varying size, and from rainfall of various intensities and dura- 
; t tion, appeared to be fairly constant at about 8.0 hr, but below a discharge of © 
5 6 cu ft per sec per sq mile the values were greater : and had a common trend, but 7 : 


- were not strictly uniform. The larger values were approximately 200 hr. __ 
_Detailed analysis showed that the variation could be explained and dupli- 


one e of surface run-off and one of sub-surface re run-off. The surface run- nr 
; P taken as 70% of the total run-off, was assumed to contribute according tothe — 
author’s histogram, routed through channel storage of 8.0 hr by the Muskin- 
— method. The sub-surface run-off (30% of the total run-off) was taken as 
contribution by the histogram routed through 200 hr of storage. _ These ir 
‘ hydrographs, added together, make up up a a compound unit hydrograph which has ~ 
all of the that the author claims his basic and does 


— 
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De noted that Us 1s the same as the auvnor s when < = U—tnhat q 
jg, when storage is solely a function of discharge. By analyzing the falling 
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consistent results for the entire hydrograph, using percentages of run-off 
- consistent with the monthly average run-off, base flow included. It will be | * 
apparent that the unit hydrograph is almost the same as the author’ 8 basic 
hydrograph for surface run-off plus another for sub-surface run-off. As Mr. 
_ Meyer states, the bases are infinite, but may be used as constant, of such length 
_as will include 95% to 98% of the volume, without appreciable error, = ‘ 
- Confining attention to the constant storage-discharge relation assumed by 
_ the author, the writer finds little difference between the unit hydrograph and 
the author’s basic hydrograph, and therefore uses the termsinterchangeably. A 
unit hydrograph that has been routed through such channel storage above the 
_ gage has the infinite base length to which the author refers, may be applied to = 
_ variable quantities of run-off in successive unit periods of time, and will provide cod 
- a more accurate indication of discharge than can be justified in the use of the _ 
- usually available rainfall records. The well-derived unit hydrograph will show — 
the effect of constant-ratio storage and is only less accurate than the author’s _ 
method i in that very small ordinates are conveniently neglected, for the sake of a 
ease in computation, and a constant base length of hydrograph results. The ey 
lack of agreement between the new method and the old method in computing a 


the hydrographs of the Merrimac . River, shown in Fig. 7, could only result be- 
- cause the unit hydrograph used was not as well derived as ‘the basic hydrograph. fe 
_ Although the writer has not proved that this statement is true algebraically, he hy, 
has” proved it to his satisfaction by routing hydrographs of various shapes 

through reaches of constant storage-discharge relation to prove that the sum 


oftheseparatehydrographs. = j= | 


_ The use of the concentration curve and the storage curve to derive the unit sig 
or basic hydrograph of an area | has 1as very real value. To be consistent, however, 
it would appear that the rising curve should show the effect of storage, pitts = 
_ the same storage which holds the hydrograph up on the falling leg holds it down ue a 
on the rising leg and accounts for much of the lag between initial rainfall and and 


_ of the separately routed sires -eragiate is equal to the routed hydrograph of the j 


—s- The writer would like to raise one question with regard to the use of the A 
histogram. If the contribution of the areas of varying distance from the gage 
combine to form the concentration curve, does it not necessarily follow that the — 

" contribution tot the e channel ; must fall off i in the same manner? _ ‘The writer has 

x found hydrographs which exhibit the very rapidly falling leg and the. angular ; 
break near the peak; but those found resulted from rainfall of several neeleds 
of duration which i in a short period of extremely. intense rainfall, 


rather than, as | the author suggests, , from a prolonged ae of f fairly uniform G 
mr: The author’s derivation of time of travel and, therefrom, the concentration — 
time of a given area, will be useful in a system of rivers which has followed e- ; 
fairly uniform geological formation (such as the Mississippi System), because 
_ there is a general symmetry within the basin; but this concept must be used with | 
santion in Tiver systems | which have developed through much stream piracy, 
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_ JARVIS ON ANALYSIS or RU RACTERISTICS | 
because in these may be found slopes in head-water streams which are — than 
. the slopes in the main stream, near the mouth. This condition i is quite com- 7 


mon in streams in the South Atlantic Coast areas. Of « course, the latter type a 

may not meet the author’s criteria for similar streams. = 

phe The analysis of stream run-off is susceptible of much more accurate compu- _ 

a tation than has yet been applied to it; by combining the « concept of storage | 

_ modification and the unit or basic hydrograph, degrees of accuracy in a - 

tion may be obtained, for many areas, which are limited at the present time by 

_ lack of hourly rainfall records. The increase in the number of such stations, 

and i in recorder stream gages, will enable those who, like the author, are unwill- 
ing to accept the accepted methods, to delve into the problem and find the 

> which very es of acc accuracy in discharge forecasting 


an 


Janvis: 26 Sen. E. (by letter) —In the midst « of the usual 


experience, ‘in any approach to evaluation of run-off factor 
characteristics. Of all the divergent curves in Fig. 4, for instance, ‘it is ex- i: 
any that appropriate choice shall be made after sufisient experience and % 
with the aid of detailed topographic ms maps of the drainage area. How vever, the 


+ ton adopted as the basis of reckoning, are capable of producing some > very Rs 


The writer has attempted to meet a in the field of 
appraisal of run-off characteristics as they might be e influenced by land-surface 


and other soil and water conservation measures. The preliminary 
Se are depicted i in Fig. 13 and are held as only tentative, pending the com- 


pletion of a more detailed analysis involving more ‘Tigorous procedure and a 
more nearly scientific approach. The agreement resulting from the two — 
was so 11 marked as the nearly, on @ par ~ 


Retention of ‘rainfall by infiltration o on 


representative portion of the drainage basin area, such as one-fourth or one- 
“half, with no escape to drainage channels by ovenmae or other ‘surface flow, — 


<p Reduction of run-off from similar areas by reason of detention works, — 

_ inereased vegetative cover, lengthened course of travel, reduced gradients as 


Hydr. Engr., SCS, Dept. of Agriculture, Washington D. al 
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€ ea reassuring to find that the author, along with other proponents of new pro- | — 
| cedures, recognizes and admits the inherent limitations as to accuracy, and _— 
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Among the assumptions involved in both approaches to this problem were 
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JARVIS ON ANALYSIS OF RUN-OFF CHARACTERISTICS 


well as velocities of flow, and prolonged contact of such water with the soil 
surface, account for a proportionate decrease of run-off volume; ‘oh. - ay 

(3) If the treated areas are widely distributed throughout the drainage 

_ basin, the base of the flood hydrograph could not conceivably be shortened as 
a result of such detention and retardation through conservation measures, 


slated Run-off, in Thousands of Acre-Feet — 


‘umu 
1936 Flood 


“hee 


os 
Hydrograph Sept, | 


“the flood hydrograph must be Then the peak “(shown | 
_ graphically in Fig. 13 as the altitude of the triangular form of flood-rise) must - 
: necessarily be reduced in measurable amounts both by yy reason of such lengthen- * 4 
ing of the base and by reason of reduced flood volume, represented by area 
ender the hydrograph. Thus, if the a area of is reduced by half and 
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a a . - Due to the reduction in velocities of the component parts of the gathering | 
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CTERISTIC! 
- base /Temains unchanged, only one-half of of the original a altitude a 


Although some of the retained rainfall may may in the stream 


7 


graph Sept., 193 


Hydr 


RIVER AT SAN ANGELO, TEX.; eo REVISED CURVES TO ILLUSTRATE ESTIMATED PROGRES- 


RES APPLIED TO THE DRAINAGE BASIN 


probably be in the nature o seeps, and general ly will be of 
value i in a water-u utilization 
It happens frequently that the epneows lack of hydrologic data may be | 
zee: in part by recourse to such procedures and methods of approach as are 
- illustrated i in the foregoing example. 7 Briefly, the justification for subtracting ‘ 
a treated area from the réle of storm run-off contributor depended on the 


.- | following provision : That the sum of infiltration and available surface-storage 
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TURNER ON ‘ANALYSIS. OF — 

_ depths should equal or exceed the depth « of rainfall on that area for any given 
period. — In this case, soil infiltration records covered a period of several year, 
and actual performance of level terraces, contour ridges and furrows, weiter 3k 

_and spreading works, and other aids to increased infiltration, under the record. 

_ breaking storm conditions of — 1936, proved their effectiveness i in 

regulating and reducing flood run-off. 


Howarp M. Turner,?” M. Am. Soc. C. E. (by letter). —A “basic hydro- 
graph” is developed, in this interesting paper, which the author defines as heh 
hy drograph resulting from a uniform rain with a duration equal to the time 
of concentration. A for a storm of this be a charac- 

teristic one for each point. | 


_hydrograph itself should tool in hydrograph analysis. The 
develops this  hydrograph as consisting ¢ of only two its rising limb 
4 


gage records. Groups of of the River at Ply 


oN. AL, reduced to comparative scale, are assembled in Fig. 1. It would be a 


interesting to have the complete information atte this particular as 
_ graph and the rainfall producing it. 

writer does not believe that the basic hydrogragh given 
- will be produced on a river by a uniform rain storm just equaling the time of 

the author’s s description, the curve re changes immediately to the 
storage curve. This assumes that the stopping of the rainfall all over the 
-water-shed is felt to its full extent immediately at the point of Se 
The writer cannot conceive that the shutting off of the water supply from the © ay 


_ rainfall at distant points can possibly be felt so abruptly at the point of measure- 


‘y en. 7 The latter is such a a pow erful factor that it modifies s changes in r riv “a 
flow, definitely, through lengths of ordinary channel not involving large storage. _ 
The writer has in mind several cases in which continuous stream-flow W gagings “ 
are made at points a few miles below -water-pow er r plants. The: sharp, ), vertical 4\ 
changes in flow at the plant due to closing the station become modified into ; 

curved hydrographs with rounded corners and | sloping sides a ‘short distance 
stream, due to effect of channel pondage. 

_ That this sharp break cannot occur on the ‘ ‘basic : hydrograph,” except 

perhaps on very small drainage areas or in n very special cases, can b be shown 
simply by dividing any area into its tributary parts. ~ The writer has assumed — 
for this purpose a drainage area as shown in Fig. 14. _ Any division of the 

drainage area into tributary areas would serve as well, the selection a 
_ purely arbitrary. These tributaries, being smaller than the main river att the 
point of measurement, must have shorter periods of concentration so that a >: 
storm lasting for the period of concentration for + the entire area must extend — ; 
4 beyond the periods of concentration of the s smaller c component -areas. A storm 
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rr the concentration —_ will consist of a rising concentration curveup 


We to the time of concentration. If the rain continues uniformly beyond this : 
14 point, the hydrograph will have a horizontal top equal to the maximum reached — 


— 


‘the author’s assumption is correct, 
when the rain stops the storage curve 
will begin with the sharp break he 
described. In other words, for 
storm longer than the 

period, the hydrograph, according gh: 

4 ihe author’s concept, must be the 
a same as his basic hydrograph except oh 

that it will have a flat place at the 
top equal in length to the time that re 
q the rainfall the time of con- 


15 such flood 

from the author’s basic hy- ~ 
drograph for the various subdivisions 
the drainage area considered. 14.—ASSUMED 

are all drawn with similar ‘ ‘concentration and ‘storage 

~ curves.’ ’ They need not be uniform, of course, andi in an actual case would 
not be so; but, on the author’s assumption, they would present the general — 


with the sharp break at the end of the rain. 


1 
1 
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Summation Curve of 
‘Hydrographs I to 


Fic. 15. —Fioop HypRocraPH FoR AREA SHOWN IN al 


rr The hint at the measuring point must be some form of summation of the 
flows from these separate drainage areas. _ The writer has combined them in © 
3 two way: s—one as shown in Fig. 15(a), allowing time lags for the water from (es 
each tributary to ‘reach the point of measurement, and Fig. 15(b), allowing wo afl 


time lag but hia the main river, ne the point o of entrance of the upper- 
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“ case, water entering at any 1y point of the basin w would be felt en at ih 

- point of measurement—that is, the outlet of the basin. What actually happens 
is supposedly a combination of the two, with the storage-basin effect giving a 
decreasing time of transit along the main river as a river yorugeaieene: full. % 


shape from the curve presented by the author. Because of the time lag r re- 4 
quired for the discharge from each tributary to reach the point of measurement, . 
_ the storage curve does not begin sharply at the end of the storm. ve the >sharp 
curve does not exist at the point of measurement, neither does it exist on any of i 
the tributaries, each of which may be similarly subdivided. If the tibuary 
hydrographs do not have these sharp corners, the cusps i in n the combined — 
_ hydrograph will disappear, and the curve will pre 
limb, but with no wa break. ; 


-HYDROGRAPHS ABOVE BASE FLOW—CONNECTICUT RIVER ar SUNDERLAND, 
1927, anD Montacvue City, 1936 1988 


channel pondage in the main from entrance of the 
tributary to the point of measurement, in this case assumed at the peak to be — 
14% of the total run-off. The effect of this storage is to give a convex curve, ¢ 
_ instead of the sharp break shown by the author, at the upper part of the — 

_ graph after the concentration period when the rain is assumed to stop. Asi in 

_ the case in the hydrograph shown in Fig. 15(a), if the tributary hydrographs 
_ do not have the sharp breaks shown by the author (which, by the si same reason- : 


_ ing, they do not have) the descending limb in this case will depart still further 
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‘represent the actual hydrograph for the assumed case, but neither of these 
hydrographs of the limiting cases shows the sharp break, = 
__ In the writer’s opinion the flood hydrograph of a river is ‘much less sensitive 
: than many of the theories of hydrograph synthesis assume, due mostly to the 
effect of pondage in the entire system. _As an example, Fig. 16 shows the > 
hydrographs of the three large floods on the Connecticut River at Sunderland -_ os 
-Mass., in 1927 (8 000 sq miles of ‘drainage area) and Montague City, Mass. S 
1936 and 1938 (7 890 sq miles). — _ The base flow has been deducted from these 7 
in each case by a straight line connecting the flow at the beginning and end of | 
i, the flood period; but no other corrections have been made. The flood of 1927 
a ‘miles up stream from the point of 
measurement. The 1936 flood flow 
was due to a storm lasting four — 
‘days, ‘quite generally spread over 
the entire area, combined with 


Aly’ \«—Storm Duration “it 


melting snow. re (The bulge on the | 
q recession side was due to additional — 
rainfall occurring after the flood 
peak. 1938 flood was 
by five days: of rainfall, of which 
‘the last two were extremely heavy 
& in the lower part of the drainage 
area, The veenter was i in 


the measuring point. 
be that it is a matter of 
: the distribution and times of 
_ these rainfalls were such as to pro- 


SPONDING HYDROGRAPHS FOR STORMS OF 
‘However, the writer is inclined to SHorter DvuRATION BUT WITH SAME Toran 


R 

basin integrates storms of different durations and concentrations and tends a 
tor produce quite similar hydrographs for similar flow volumes. = | 


i is quite at variance ‘With the a author’ 8 basic hydrograph for a 


his Fig. 2 and greek by the proper factor so that each will represent 1 the 
- hydrograph of a flood from storms of the same magnitude but occurring at 
different times. — On this basis the flood produced by a storm of the same size, % 


oy drograph, ‘with a peak 15% greater. ‘The same storm 0c occurring in 1 67% of 

= the time will produce a still different “hydrograph with a peak 20% higher. — 

This appears to the writer to be a much finer distinction than i is in sctual 


a 
7 
. is not maintained that either the reauite shown in Fie _15(a) or 15(h) q 
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Exe 

“flood He believes that the entire length of the 
main river and of its tributaries through the entire system, and the time of — 
travel of the flood into, through, and out from such storage, tend to cause 
hydrographs of similar shape for flood volumes of the same size, although there 
may be quite large differences in the aaa and distribution of the storm m 


rainfall on the drainage area. Ha 


The author i is in error regarding the of flood hydrograph 


of Civil ‘Engineers*® at first revealed the fact that hydrographs from isolated 

storms had practically the same length of base. It contains the following state- 4 
ment:*8 “the Committee shows that a flood hydrograph once determined fora 

given river, even for an ordinary flood, will serve as a basis for the estimation of | 

_ ‘greater flood run- -off, due to the fact that the base of the flood hydrograph “4 


4 


On 


which are of longer duration than the period. 
If individual recognition is to be giv en for this it should go mostly to Mr. 
8. S. Kent, Assistant Engineer of the Proprietors of the Locks and Canals, _ 
Lowell, Mass., who was Chairman of the Sub-Committee on “Flood Formule 4 
for New England” of the Committee on Floods of the Boston Society. 
: i The author further states that the formulas of the Boston Society of Civil ” 


 Engineers®® ‘ ‘are based on the assumption that the drainage area involved is ; i 


_-Tectangular and o of uniform slope, like a shingle on a roof, and without any 
well-defined channels” ’ (see text following Equation (1)) . Although it is true 
that such rectangular drainage areas were used in investigating the effects of y 
different shapes of areas on the he hy drograph, the final formula was a general o one. 
‘The flood coefficients, C;, were determined and flood hydrographs on a unit . 
- basis called “characteristic flood curves’ ’ were given for a number of New és 
‘England rivers. These are quite similar to the distribution | graphs of the 


graph” sy stem developed more than a ‘year later. & i 


H. 29 Assoc. Am. ‘Soc. (by letter). —The discus- 
sions have indicated a gratifying interest in this sahinat,. and have directed — 
— attention to the need for further investigation, ‘Particularly on infiltration and a 
Mr. Cochrane attempts to derive e the shape of the falling limb of the hy ie B f 


_ graph by an inversion of the rising limb. The writer believes that the dis- 3 


_ charge, at any time after the time of concentration and after the ‘cessation of 

the rain, must be determined | by : a function of outflow from storage. - This is 

sufficiently well established by numerous studies of depletion curves’ *, and 
by the study referred to by Mr. Barnes. _ The sharp break at the top of the =; 
basic hy ydrograph, questioned by Mr. Cochrane, and also by Messrs. Zoch ret 

and Turner, is definitely verified by the hydrograph of Fig. 10 presented by 

Sherman. The writer has no criticism to ‘offer on formulas for maximum 


flood discharge; howev er, these are outside the scope 2 of this | paper. 
% Journal, Boston Soc. of Civ. Engrs., September, 1930, p. 297. 
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EYER on ANALYSIS OF CHARACTERISTICS» 
=, ale Bornes makes a timely comment as to the unreliability of the p per r cent : 
- run- -off, or run-off factor. This factor is used where nothing better is available. el 
_ As mentioned by Messrs. Sherman and Zoch, better results will follow from — y 
the aepartinn of infiltration from rainfall, and the consequent use of ‘‘net i 
- rainfall.”’ However, infiltration and seepage are a separate subject, and con- _ 
sideration of them would complicate the subject unduly without affecting 
characteristics being analyzed. In any case, a distribution of 
intensity giving a constant “net rainfall” is not impossible ¢ and would fit the a 
_ assumptions on which the analysis was based. 
“The “ ‘subsurface storm flow” or “secondary base flow’ ’ mentioned by Mr. 
_ Bernese » an item of run-off of sufficient importance to merit considerable | 
ale. There can be no doubt that this type of run-off occurs and is often of 
ss __ considerable magnitude. The writer visualizes the source of this run-off as a 
a sheet of water separated from the true “ground- water,” possibly by a cushion 
air filling the voids of the soil. Presumably, methods of analysis 
used for true surface run-off may be applied to a study of subsurface storm 
however, it must be treated separately from surface run-off. 
s _ Mr. Sherman has apparently misinterpreted the hydrograph of Fig. 3, as 
: “no termination is indicated; the tail is intended to be of infinite length, only a 
“portion being shown. As Mr. Sherman states, the use of unit hydrographs i in 
- eombination, as shown by his example in Table 7 and Fig. 10, is a practical — 
_ working tool, and the writer also uses this method, where applicable, on account 
ee its simplicity. However, if the unit hydrograph used is that for a storm 
a duration close to, or equal to, the time of concentration, inconsistencies may 
. expected to dev elop. be For example, with | a unit hydrograph for a one-day 
_ storm, ‘if the tail is several days long, and the time of concentration is one day, 
ees rain produces a a peak equal to the rainfall rate, but a , two-day rain 
mg must necessarily cause the computed peak to be greater by the amount of the 


tate of of tail of the unit h hydrograph | one after hone peak of 


pres of Fig. 10 obviously ron the characteristics yar in the writer’ Ss 

analysis, the time of concentration being about 25 to 30 min. vag 
_ _Mr. Sherman states that the time of concentration and the distribution 
; for a three-day storm, as given in Appendix III, should | be derived from the 


: a. distribution for : a one-day storm. - This could be done, or, as in the example, 


‘distinction between run-off and rate of run- lt, 
;  run- -off and discharge, is ‘commended. The writer does not agree with Mr. 
 Zoch’s statements on infiltration and internal drainage; however, that is con- _ - 3a 
sidered outside the scope. ofthispaper. od? 
) 7 The writer cannot agree with Mr. Zoch as to the beginning « of the depletion — Be 
curve. It is true that with storms of short duration the part of the falling 
limb prior to the time of concentration contains both items of accretion and _ 


items of depletion; however, the succeeding portion must be pure depletion. 3 


— 
on 
4 
— 
— 
| 
¥ 
4 
‘ 
| — 
a 
a 
4 
storm, which in this case is the basic hydrograph, the time of concentration __ 
| 
| 
— 
— 


(Bane 
asoned logically. 


the ss same reason, the can never be later than the of 
: concentration. The transition curve mentioned ed by Mr. Zoch must lie entirely 

between the end of the rain and the time of concentration. The “saturation 
_ curve ” is not a part of the basic hydrograph, as it occurs only if the duration 


the rain exceeds the time of concentration The writer, therefore, adheres 
_ to the statement that the basic hydrograph consists of the two parts: (a) The Py 
concentration curve and (6) the storage, or depletion, curve. 
_ Mr. Zoch states that the writer has not mentioned the determination of be 
; the time of maximum discharge. This time is indicated by the sas in Fig. 2 . 
and adequately described in the accompanying text. 
_ Mr. Bernard calls attention to the lack of sufficient ‘al suitable basic 
data for hydrologic studies. It is this very lack which forces to. = 
use unsatisfactory expedients such as the run-off factor. - i. 
The writer would like to call attention to the fact that the definition re 
time of concentration appears in the second paragraph of the section on 
: “Analysis of the Hydrograph.” The mention of time of concentration in the ict 
is not intended for a definition. 
In describing, graphically, the sequence of occurrences on 
‘dihia a storm, Mr. Bernard makes use of a method which could well be ta 
generally in investigations of physical phenomena. often there 
are only the “‘rationalists,’’ who go into transports of pure mathematics, red _ 
“the “empiricists,”’ ” who generalize from meager data. ‘Iti is only by visualizing 
actual physical occurrences that engineers can be sure that their pressor 
_ are “on the right track.” 
Mr. ‘Snyder’s conclusion that the time of concentration is not the 
- of a unit hydrograph is correct. The synthetic unit graph of Fig. 11 includes — 
‘subsurface storm flow (secondary base flow), and is not all true surface run-off; _ 
the basic hydrograph of true surface run-off would reach a maximum of 6 245 re, 
cu ft per sec. A separate hydrograph of subsurface storm flow must be con- 4 
_ structed if the writer’s methods are used. The relative time to peak of the © 
various hydrographs | of Fig. 2, commented upon by Mr. ‘Snyder, are subject 


to errors in drafting. ~The 1- hr rain would certainly cause a slightly oe: i 


_ Mr. Clark ties flood routing and hydrographic analysis together in an 
admirable fashion. A complete hydrologic study of a large basin must always — 
involve the construction of hydrographs of head-waters and tributaries and 
routing the combination. An integration | of f methods u used i in these two vo steps PS ; 
The basic hydrograph to one in Fig. 7 was 
synthesized from the unit hydrograph used for the other; the differences 


best be understood from a careful study of the method of construction. ro , 


unde uit valel 


= = This has been established empirically, and may be r — | 
&§ = _ contribution to flow from every part of the basin has reached its maximum — a. 
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Clark’s on the lack of effect of storage on the rising 
limb is best answered thus: The steepening of the slope of the water surface 
i during rising stages opposes and nullifies the storage effect, whereas the flatten- 
‘4 ing of the slope during falling stages increases the storage effect and thus makes ~ 


In cautioning against indiscriminate use of the expression for time of travel 
Mr. Clark has emphasized an important point. The variation of velocity — 
be a stream has not been given the attention it deserves. No assumptions — 


ak 


on this subject should be accepted without a most critical analysis. 
_ The effect of land treatment as described by Mr. Jarvis must be considered 
in any hydrologic study. The writer has encountered this problem in attempt-— 
to estimate run-off irrigated lands, where the cause 
Mr. Turner calls attention to the difference i in shape of the writer’s ; hydro- es 
ole for storms of the same Volume | but different intensity, and states that _ 


actual hydrographs | are more similar. shows, in Fig. 17, hydrographs: 


resulting from storms of == THs and the entire time of concentration. 


x Actual storms lasting | through the time of concentration are rare on large 
streams, and hydrographs resulting from storms of shorter duration than — 
one-half the time of concentration are much more similar than those shown. > 
_ The writer is of the opinion that the time of concentration of the Connecticut _ _ 

c River at Sunderland, Mass., is about 5 to 6 days. Thus the hydrographs of | by 
‘Fig. 16 are not more similar than might be expected, especially as the shapes: bY, ® 


a a. were probably determined largely by ‘the precipitation occurring in the one me 
or two maximum days of the storms, 
_ No adverse criticism of the Committee on Floods of the Boston Society - 
of Civil Engineers ws was intended, as the writer recognizes well the value of its a 
“work: it was to indicate the necessity for refinement that the shortcomings 7 


es. In conclusion, the wr riter wishes to ) emphasize that it is the physical sig- 
of the shape of the hydrograph, 1 not the he empisical mathematical 
describing it, that i is ‘important. 
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SPECIFICATION DESIGN OF ‘STEEL si 
By T. H. Rust,? Assoc. M. AM. toc. 
Discusston BY ‘Messrs. R. H. ‘Suey ocK, E. GRINTER, 4 f 
Russe C. BRINKER, C. W. WwW IXOM, AND T. H. ‘Rust. 

5 An attempt i is made in this paper r to supply information about the structural 
_ _ steel plates designed to transfer force from ¢ one member to another in a struc- a p ' 
la tural steel frame or bridge. The forces enter and emerge from these se gusset- - 
plates, often by means of rivets, but sometimes through welds. Since a gusset- 
-— -~pilate i is a point of discontinuity of stress t transfer i in a structural steel frame, ii an ° 
7 


_ As early as 1867, J. W. Schwedler noted ? the unequal distribution of stress 
among the rivets in a riveted connection. He found that the end rivets mth 
_ most of the stress and the interior ones least. Likewise, the ends of a welded 
connection | are more highly stressed than the interior. 
This inequality of stress transfer into a gusset- -plate can can be »e shown by y adh an 
‘ ing s models of the type shown in Fig. 1, which are carved from single pieces ee 
- bakelite to simulate gusset-plates. When forces are applied through the legs to 
the plate, fringed photographs can be made by the aid of photo-elasticity. © i 
_ photo-elastic fringes are the | means of establishing the stress value io = Dy 
ata particular point, p being one principal stress and q the other principal stress 
F at right angles to it. Although a (p — q)-determination is a good indication of __ 
- the condition of stress in a plate, a (p- + _q)-determination was made for some of 
the models. The lateral expansion or contraction of the stressed plate at any 


= 


‘point i is proportional to the (p + q)-stress at that t point. | This change in thick- r a 
ness was measured bya a light interferometer. From the (p — 9) and the (p 


stress determinations, the value of the principal stresses, p and q, can be found. : 
Studies of several different shapes are reported herein and the stresses en a J 
4 countered are discussed. The models were designed with special reference to Fs 


‘Ueber Vernietungen,” von J. W. Schwedler, Deutsche Bauzeitung, Architekten-Vereins zu Berlin 1, 
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iba Tensile forces were applied to the model shown in ‘Fig. 1 by means of steel ’ 
pins through the bushings. A force enters through the top pin, passes down the p * ' 
upper ‘legs into th the plate and is resisted by a reaction passing through the: lower 4 ‘4 a 
legs to the other | pin, which is held in a stationary position. As shown in nthe © 
_ side view of Fig. 1, the bushings are beveled to keep the force, P, on the center 7 : 
line of the model. At all junctions: of the legs and the plate small fillets were 
_ provided to minimize local stress concentration. . The plates were each about 
.2 in. thick, and the legs were attached to the plate for a distance of 0.75 in. 
S To avoid residual stresses in the edges of the bakelite plate, the models were = 


ight he its vibrations restricted to one plane, i in with light, 
r tr in which light vibrations are said to be in many planes. _ When a beam of © 
: is passed through a Nicol prism the light vibrations are held to a 
eed plane, and it is then known as polarized light. If this light beam is 
passed through a second Nicol prism with its axis at right angles to the first 
of ‘prism, | the beam disappears, a and the field becomes dark. Since there are no 
vibrations perpendicular to one plane in a beam of interrupted’ polarised 
SS the second prism (termed the “analyzer”’) cannot transmit any light be- 
‘ean its axis is at right angles to the axis of the first Nicol p prism or polarizer. 
_ Ifa polished bakelite model under stress is placed between the two prisms in 
the path of the polarized light, the second Nicol prism, or analyzer, transmits 
: i between dark fringes. All the: points on a particular dark fringe. are of 
equal (p — g)-stress in the ‘plate of a model. — Monochromatic mercury light 
4 The change i in (p — —@Os stress from one fringe to anole is constant for a. 
given thickness of plate. stress change between determined by 
Subjecting 4 
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. 3 shows photographs for of different The slates 
and C,’ were § in. wide at the mid-length; for Models Diy 


i and Dy, the plates were 1.25 in. wide at the mid- length. _ For Models Aj, 


. * C1’, D,, Ds, and Ds, the area of the plate at mid-length was nearly equal to 


oa 5 a the area of t the two legs. _ The closeness of the ie fringes near the ends of the plates, is 


=< 
= 
= 
° 
~ 
& 
o 
= 
< 
= 
a 
8 
z 
= 
| 


Fie. 3. 


wie 


a The unit stress in the legs is large at this point, whereas in the ends of the slate we 
at the legs the unit stress is small. The difference i in the unit stress of the legs 
and the plate causes rapid stress transfer. At the mid-length of the legs, the Pe 
_ bakelite in the legs is stressed to about the same value as the plate. The com- — = 
ers ely great distance between the fringes in the plate at the ) mid-length « of 
_ the legs, shows the less ray rapid transfer of stress at this point, Near the ends. of 
the legs the unit stress is small in the legs; whereas the unit stress and unit 
_ deformation in the plates are large. This change in deformation accounts again 


. x for a rapid transfer of stress into the plate. "The shear stress between the 


plate and the legs can be represented by a curve shown in Fig. 4. A smooth | 
curve as indicated by the full line would be shown by | a welded connection ora 
continuous connection such as exists in the models. - A line of rivets would 
indicate a stepped curve as shown by the dotted lines in Fig. 4. A rivet or a. ‘ae 

Tow of rivets perpendicular to the length of the member would transfer an inere- 
‘ment of shear into the plate equal to the area under the ¢ corresponding step. = 

# Tf the cross-sectional area of the legs is equal to the area of the plate, the 
shear stress transfer at the end of the plate and at the ends of the legs would be 
“of the same value. On the other hand if the area of the legs is less than the area ~ 

q of the plate there will be a greater transfer of stress into the plate at the end of 
the plate because of its greater stiffness, with correspondingly l¢ less transfer of 7 

4 stress at the ends of the legs, as shown in Fig. 5. If the legs were larger in area 

: than the plate, the end ordinates of the curve would be reversed, as shown by _ 

; wis Boundary Stresses.—At the ‘outside boundary of a plate, symmetrical about 
the legs (as shown by Models A, Bi, and Cy’, Fig. 3), the change of stress is 
less rapid than it is next to the legs. If this were not so, the (p — q)-fringes _ 

‘would extend from the sides of the legs, straight across the plate, to the bound- 
“ary.” _ The extension of the fringes, forward toward the mid-length of the plate, © 
_ shows how stress lags at the boundaries of the plate. — Corners ¢ of the plate are a 
Saale of least accessibility of stress and the positions of zero stress. ‘These — 
corners, therefore, are good places to begin counting the fringes; each succeeding 7 
‘ ringe represents a constant increase in (p — q)-stress over the preceding fringe. | 
ay ‘The boundaries at the mid-length of the plate are the most highly stressed. 

“The stress at that point also lags considerably behind the stress in the center of i, 
the plate at the corresponding positions. At the mid-length of the legs in — 
Model Aj, Fig. 3 (which is approximately at the quarter-point of the plate), the 

¥ oo are nearly perpendicular to the boundary. There is comparatively little Pea 


yg - transfer of stress into the plate from the legs at this point, with less disposition 


7 of the stress to lag at the boundary. The same boundary stress condition is 
«thom in Model Cy, ‘ Fig. 3, at the third fringe from the top, and again less ~ 
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ot caused by the bending moment due to the eccentricity of the plate... <a 
a bending stress more than compensates for the tendency of the stress to lag nol (ae 
the boundary. The fourth fringe of Model C,’ turns forward again because the ea 
more rapid transfer of stress from the legs near the ends causes the boundary o * 
stress to lag again. ja same phenomena are shown i in Models Cy As,& ng 


ail 


a order to show wan about the plate corner effects, the corners on the 


is a more rapid change of (p - - q)-stress near 
- the left side. of the leg in the plate of Model D, than in Model Be Due to greater + 
Tesistance to stress transfer in Model Di than in Model D2, the stress builds 
up more rapidly near the leg in Model D, than in Model Dz. The upper left- s 
hand corner of Model D, has a larger area free of stress than Model Dz. Model 
- _ D, has less continuity of stress transfer than Model D; in the upper left bound- ic 
. ary. “4 The (p — q)-stress in the right side of the gusset-plate shows almost no xt 
change from the removal of the corners on the left side. The upper r outside o 
corner of the right side of the plate is at the end of the leg, whereas the lower 5 
pe ‘, _ outside corner is only three-fourths the way along the leg toward its end. The . 
— (p: -—@- fringes do not show any appreciable lack of symmetry due to this 
a _ difference. The second fringe from the right on the right side of the plate bends 
out sharply near the boundary. This is true of the second fringe of all the 
“4 D-models; for Model Ds, Fig. 3, the third fringe also bends out sharply at the 4 
- boundary. The rapidly i increasing area of the plate is more than sufficient to ~ y 


| 


Model Ds, Fig. 3, was made by filing concave cuts in Model shone 
_ models there is less unit shear on the ah side of the legs near the end of the Pe 


e upper leg shows that the increase in aren 
j of Model C;,’ at the position of the upper leg shows t 
— 
— 
— 

— 
4 
— 
a 
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— 
end rivets. Since the rivets at the end of a gusset-plate as well as their bea 
on the gusset-plate are critical, it is well to make the plate compara- Ly 
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_ The vertical boundaries of the plate of the Pans are almost free of stress. 
“These boundaries are so far from the direct path of stress transfer that they are are 
“not highly stressed, in accordance with the theory of least energy. 
Interior Plate Stresses —The greatest stresses in the interior of the plate are 
always between the ends of the legs of the models. All the stress has been 
transferred into the plate in this region, and it tends to concentrate in the most hig 
direct path of transfer. _ Some of the fringes curve out, which shows the 


tendency of the (p - - q) -stress to spread over a larger part of ‘the plate. =e 
“= The stress condition i ina plate may be shown graphically by bs diagrams in 


suming uniform distribution; Fig. 6(d) represents thi the bending stress; and, Fig. bs 
6(c) represents the stress that minimizes the energy in the plate. theory 
least energy is not satisfied by the of and direct heading 


stress. distribution, on requires es that the assumption shall be modified by stress 

alien to that shown in Fig. 6(c). Although there is ample evidence in these 

tests shown graphically by Fig. 7, plotted from readings on the section at the 
 mid-length of the plate of Model A; (Fig. 3), there is no generalized theory —- 
2 the least energy stress condition for Fig. 6(c). If the outside forces are applied — iE 

somewhere near the neutral axis of the plate this added least-energy stress will 3 
 aonetone the general shape c of the curve in Fig. 6(c), , the negative a1 area being ia 
a7 to the positive area (Fig. 6(d) = Fig. 6(a) + Fig. 6(b); and Fig. 6(e) — 

= Fig. 6(a) + Fig. 6(b) + Fig. 6(c)); Figs. 6(d) and 1 6(e) will have the area 


a of Fig. 6(a), because ‘equilibrium « of the free body i is alwa ays maintained between | 


Ae In nearly all the models, the fringes th that ; pass near the ends of the legs 7 g 
4 


x the plate between the legs, this stress tends to distribute itself over a greater .! 
. part of the plate with the resulting change of of curvature of these fringes. ¥ se 

4 With an an eccentric plate such as that shown in Model C;’ the fringes denoting © 

. a highest (p — q)-stress shift over toward the narrower side of the plate. The sa 


least ens energy in the plate, or = 
|} line of the legs. In Model Ds, Fig. 3, there is also a slight shifting of the 
fringes of highest value to the e right of the center line of the legs. — On the right ~ 7 
‘side of this model there is less plate in the gusset corners than on the left : side of je 
legs; maximum stress shifts again slightly to the 


2 
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In addition to knowi ‘ing something of the (p - q)-stress pore 
: Pty photo- elastic photographs of the models, it was desirable to know some- — 
thing also about stress distribution in gusset-plates from the plotting of stress 


Graphs of -stress (p stress ‘along of the legs. of 


"Model A, are shown in Fig. 8. ‘The (p — q)-stress difference between fringes 


This constant divided by the the plate used in ] Model A, gives: the 
value of (p — -stress difference between fringes. . The positions o of the 


@- — q)- fringes together with their successive values were plotted for Model 7 
In Fig. 8. 
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209.5 of (p—q)-Stress 7 
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Bagh) saad ‘Fra. 8.—(p — AND (p +9) -Srress Curves, Ai tala } 
‘The (p + g)-curves were plotted from values obtained by measuring a 7 
- lateral contraction of the stressed plates at various points along the legs. The 
lateral contraction nn or expansion s at a point of the stressed plates is proportional — 
to the (p+ q)-stress at that point. This lateral change in thickness of oe 


bakelite plate was measured by a light interferometer,*? and the > reeling stresses 

F 3*‘An Application of the Interferometer Strain Gage to Photoelasticity,’ 
C. E., of Applied 1935, pp. A 99-102. 


it 
im In Model C;’ the almost horizontal fringes on the narrow side of the plate _ ow 
_ —-- _ show that the bending stress due to eccentric loading is approximately equal to 5 a ag 

_ the decrease in least energy stress there. The principal stress, is not large ¢ 
i = _except in the mid-length of the plate; even there it is considerably less than the — ti 
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were plotted shown. “The + the, (p — q)- curves nearly 
agree except at the mid-length of the plate, which indicates that there is little _ 
* q-stress except at the mid-length of the plate. — ‘Since t there is a large concentra- _ 
: tion of stress directly between the ends of the legs, an appreciable q- -stress arises 
in the effort to distribute the stress over a larger part of the plate. The © 
difference in ordinates between the +q )-stress and the (p — q)-stress 
for a particular load, divided by 2, gives the g-stress for a particular point. The : 
add addition of th the o7 ordinates, divided by 2, gives the p-stress at a particular point. — + 
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Fra. 9. —@ —@ anv (p +o Srress Curves, Be AND ‘th 


i ty The steepness of the curves at the ends of the plate shows the rapid building 
up of the stress in the plate at that point. The curves tend to flatten out near 

ie the mid-length of the legs, and from there on the (p - q)-curves build up again 

ss |The secondary humps i in Fig. 9 for Model Bs at Point 9L are due to the stress ty 

(particularly the q-stress) tending to distribute itself over a greater part of the ey 

plate. There is considerable g principal stress between the ends of the legs in _ 


its to over a part: of the plate depresses the 
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Point 9L to Po 
— DL to Point 8L in Model Bs. The same phenomenon of (p + a = 


distribution is shown also Points 5L and in tendency of ‘the 
of curves for (p — - q)-stress and (p + were plotted for the 
outer boundaries, with practical agreement. — ‘Since there is only one principal 
stress along these boundaries—the p-stress—the two corresponding curves for aa 
_ particular model should agree. It was impossible to place the points of contact 
the light exactly on the boundary. The contact points had to 
be moved in 7 in. to prevent them from om slipping off the model. ‘This ace 7 
- counted for a slight difference in a comparison of a (p + q)-¢ -curve with a 
(p _ q)-curve, which latter curve was plotted from fringe readings on the 2 
boundary. Since, for the most part, the p-stress has been the dominating — 
- stress, its direction is ; approximately parallel to the length of the model for most a 
of the plate. The directions of principal stresses obtained from isoclinics, 
therefore, are not of great cons nee for th ests. 


Many attempts have heen to find the theoretical stress th in 
symmetrical, riveted, gusset-plates, notably by the German and British in- 
Cae 4 vestigators. _ Of these, one of the most recent and probably the most successful 4 
is C. Batho, ‘whoa assumes 8 uniform distribution of stress across the sections of 
the plates. _ - This assumption may be in error as much as 20%, but the error of é 
_ strain energy due to this uneven distribution is only a fraction of 1 per cent. ‘ 
12 j Batho set up an equation for the energy in the entire symmetrical joint which | he. 

4 adds the energy in the plate to that of the connecting members at the plate, and 

the energy in the rivets. _ The force on each rivet or row of rivets, perpendicelar 

to the length of the member, is taken as unknown. _ Derivatives are taken of the 

"A resulting equation with respect to each variable force. To make the energy in 2 

_ the joint a minimum, these derived equations are equated equal to zero, and — 

_ solved simultaneously for the forces at each rivet « or row of rivets. et we ard i 
In order to verify the application of this theory to : a practical case, the — 
writer found some stress measurements between the rivets of a joint (see Fig. 10) ray 

_ which were made by C. Findeisen. 5 The full lines i in the diagrams were plotted ie 

_ from Findeisen’s measurements; the dotted graphs were plotted from results - 
obtained by the the application of Batho’s theory by the writer to the joint tested 


by Findeisen. A fairly close agreement between the practical measurements 


| 


ner S&auare 


<1 In a further effort to verify available theory for a symmetrical welded joint, — 
| an application of the formula for the distribution of shearing stresses in welded — 
connections introduced by W. Hovgaard,* was made by’ the writer to the sym- 
metrical bakelite model, Ai. Hovgaard’s theory i is based upon the principle of 
ct + A least energy, as is the theory of Batho for symmetrical r riveted joints. Me Instead — 


as of deriving the work equation with | respect to each force, Xp, on each row - 
4 


. 


__ #“*Riveted and Bolted Connections,” by C. Batho, First Rept. of Steel Structures Research Committee, 

§**Versuche tiber die Beanspruchung i in den Laschen eines gestossenen bei 

Berlin, Germany. 


Ww. Hovgaard, Inst. of Archte., ‘Mare 26, 1931, pp. 128. 
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‘16. 10.—Baruo’s THrory APPLIED TO Frxpersen’ Seam MEASUREMENTS 


“rivets, and equating the derivatives ‘aieita te zero fer a solution of least energy — 


Batho has done, Hovgaard writes an equation fortheenergyintheconnection 
as a function of the shear stress at any point, X, of a welded connection of the 
_ member to the plate. The equation is minimised 1 by variational calculus, and — 
solution of the differential equation obtained. ~The in the. om 
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. 11.—Hoveaarp’s Apriiep TO 


_ The results of Hovgaard’s theory applied to Model Aj : are shown on the a 
Plotted of The f full lines show the ‘stresses the legs i in the 
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by the dotted lines. 
distance along the legs, the curves agree ery closely. Over this distance i in 
_ the plate, one principal stress is much greater than the other principal stress, 
In fact, the smaller principal stress can be practically disregarded for this 
‘Guan: i The resultant stress is nearly equal to pure tension in the plate. 
From the three-quarter point to the ends of the legs, the experimental curve ¢ 
~ leaves the e theoretical curve for two reasons: (1) The smaller principal to 
_ shown by y experiment in Fig. 8 becomes greater, which indicates that the 
s pry? principal stress does not correspond to the exact tensile stress in the plate; 


eg through 


- 
‘Fic. 


second i is the most important reason for the deviation of the canis curve | 

from the: theoretical. Path b-b-b shown in Fig. 12 is shorter and more direct 
than Path a—a—a; therefore, a definite increment of stress transfer takes place 

from the the end of one leg directly to to the end of the other ‘her leg. a ‘This increment 2 


clearly shown by! the deviation of the experimental curve from the theorstical 


FOR THE AND DESIGN OF 


"There is is a adefinite trend to-day toward the construction of larger steel struc- — 


tures larger gusset-plates. Sometimes, welds instead of 


= 


these known as as to add others based on results of recent 
stress for has not been In 

: ‘present stage of development the Airy stress function does not a muc ‘@ 
for the stress solution of gusset-plates. Likewise, there i is no general ized 
"stress solution about the phenomena of fatigue. Belutions for stress in sym- 
gusset-plates have been found both for riveted and for welded con-— 


nections. The solution for ‘symmetrical, riveted gusset-plates was found by 


" Bathot ‘ whose solution is based on the principle of least energy, as is also that 
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almost directly to the ¢ plate. Undoubtedly, the | m 
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rellabie as rivets. since the speci cation an esign of gusset-plates have | 

—-., j.. ___ been the result largely of experience, general practise, and intuition on the part __ 
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USSEI-PLATES 
Hov gaard® for symmetrical, riveted, and welded plates. i The writer applied | 


atho’s method to Findeisen’s strain measurements on a symmetrical riveted 
late connection; rensig writer also spplied Hovgaard’ 8 method to the aymmmetricnl 


discussed in a of this pa paper. The will be broadened, 

- however, to include considerations based upon general practice and present 
os manufacturing procedure in order to give a more complete view of the art. wa. 
General Practice—For small structures, , gusset-plates can be designed and 
- specified without great difficulty provided there is no reversal of stress. The 
o groups can be made comparatively short in the direction of the length of the 

= "Since there is less chance for distortion of the material, a shorter 
_ group allows a better distribution of stress between rivets. a In small structures BS 


and narrow gusset- with members will have ec- 
Sar about the neutral axis of the gusset at some of its sections. Such con-— 


~ nections are usually longer and less desirable than connections of diagonal web 


‘greater disproportion of stress among the rivets, with more low stressed rivets _ 
in the mid-length of the connections. — An ideal gusset approaches a circle in 
mhape, ora polygon of equal axes, with all the forces intersecting 


at the: enter, does wet have § bending s stresses. F urthermore, the longer 
section at the center allows the principle of least energy at the often critical 
“center section of the gusset to function over a greater distance, with less stress _ 
concentration between the ends of the members (see Fig. 3). The shorter and | 
_wider rivet groups with respect to the length of the member tend to cover a 
larger rather than a smaller part of the gusset-plate, which implies that the 
"gusset should be of no greater area than necessary. Gusset-plates with com-— 
paratively large unriveted areas increase the discontinuity which the joint - 
_ The rivets should be of no greater spacing in a member connection than good 


; h Sor permits because the variation in stress from one rivet to the beseel will — 


should tend to the area of the member at that point, and should not 
be (as is often the | case) of much greater area. . The plate shown in Fig. 13 — 
- should follow a line, a—a-a, rather than a line, b-a-b. The ideal of uniform 


4 
— 
— 
— 
ea} _ Hon. M. Am. Soc. C. E., has recommended that there be as few cuts as possible a Ss 
| in the plates, and that it is desirable to line up the gussets for appearance. For . 
light gussets not subject to reversal of stress, they may be subordinated, with- 
| out harm, to the appearance of the trusses and to fabrication economy; but for 2 le 1 = 
large and heavy structures the gusset-plates may well influence and even 
dominate some of the decisions as to the design and fabrication of the truss. 
Long and narrow gusset-plates nearly always are computed, by elementary 
hore with ctoonar th the ehord mam haere Ong connections hava o 
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STEEL GUSSET-PLATES 
stress ala among ng the rivets can never be realiz ed. The end rivets’ will 
_ always be the most highly stressed ones, as shown by the graphs of Fig. 10. 
_ The rapid building up of the stress in the plate, at the end of the plate, and * 
- the ends of the legs of the n models, is shown in Fig. 3. - The stress ianen 
- between the end rivets and the intermediate ones can be reduced by making — 
_ the rivet groups as short as practicable. of 
— anufacture-—Gusset-plates should be manufactured with great care, 

Thisi is especially true of the larger and larger gusset-plates that are continually 
_ being demanded. _ They should be made as nearly plane as possible with 
subsequent care in shipping and handling to insure the plane condition. Plates 
os thick as 1 in. cannot be placed in close contact even with rivets as large as 
s in. in diameter. Furthermore, even 0.75-in. plates cannot be fabricated — a 

under p present practical conditions to insure contact everywhere. Some of the 
_ l-in. plates in experiments reported by J. Montgomerie*® were subjected to * 
special care in in fabrication. Since they were pressed together with high hy- - 
‘g draulic pressure, the value of friction which they were able to develop was raised — 
_ materially. Plates fabricated in the ordinary manner had a resistance to slip | 
of 9 tons ) per sq i in. 1. of ‘rivet area for rere” from 0. 40, in. 1. to | 0. 60 i in.; 3 6. 6 “4 


thick. After subjecting the 1-in. to pressure and re-riveting 
__ them, the resistance to slip was raised from 4.3 to 7 tons per sq i in. of rivet area. ¥ 


_ These experiments show the importance of avoi 


7 Painted or oiled plates are less resistant to slip than those with no foreign Le: 


substance added. . Better resistance to slip is provided in these cases when the 


- line of stress transfer is perpendicular to the direction of rolling, rather than pm 
_ parallel to it. A well-driven rivet in single shear should provide a resistance 
ee to slip of 35% to 40% of the value of the tension in the rivet sha: nk. | This 
7 tensile value should equal the product of the area of the rivet by the stress of 
the rivet material at the elastic limit. Rivets driven at the temperature of - a 
about cherry red color, with a minimum clearance at the beginning of driving, — ek 
_ provide the best resistance to slip. Lower temperatures in driving prevent a 
excessive heating of the plates, which causes brittleness in some carbon steels 
-, and more especially in alloy steels. Alloy steels are usually specified with — 
_ higher unit stresses, and have less resistance to slip than ordinary steels. Large — 
slip resistance takes much lo load | from the rivet hole-wall w where fracture 
an Careful fabrication and handling of the parts will add definite strength to 
the connection. . The edges and _— of the plate should be free of notches and < 


0.75 in., can be sub-punched and while plates n more than 0.75 in. thick 
“a ye _ should be drilled and reamed. The reamer® should be heavy enough and of 
i "aes velocity to hold it in its true course. All burrs and bits of steel should - i 
i” ie. be removed with care, and the holes at the pre-set end of the rivet should be — 
i ; . counter-sunk nearly 7g in., in order to help the flow of the molten metal of the bs 


_-® Transactions, Inst. of Naval Archts., Vol. 65 (March 23, 1923), pp. 179-197, London, England. — 
= l'étude expérimental par Paul Bordeaux, France, 1927. 
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‘STEEL GUSSET-PLAT 


rivet around this shoulder of the hole-wall. “In the fabrication of parts, im- 
properly matched holes are not justified. pitt WARS FOROS 
Tf an important gusset connection can be spec specified with plates of ordinary 
thickness and rivets of usual size, it is best to do so. The men who do the ~ 
- mechanical work are able to fabricate the materials of customary size with | 
_ greater skill and achieve better results. Most of the tools for fabrication of _ 
the parts are designed for average steel sections and rivets. If exceptional 
“steel sections and rivets are specified, increments of improvement from skilled 7 

eraftsmanship may be more difficult if not impossible to obtain, 
an _ Stresses.— —The stresses i in a plate with & re-entrant corner such as Point A, 7 


on the 10 Sufficient material at Point A into the plastic state 


rth: 


2 


to provide a means of stress transfer around the re-entrant corner. cies there 
happens to be reversal of stress, failure occurs at relatively low forces. From 
the standpoint of excessive stress, gusset-plates with re-entrant cuts should 
never be specified. i If the highly undesirable, and seldom specified, case of a 
_ gusset-plate with a -re-entrant corner is encountered, a fillet in the plate at the _ 
re-entrant corner, with as large a radius as practicable, will facilitate the stress a 
transfer. It is nearly always possible to avoid gusset-plates with re-entrant 
corners, but the discontinuities in stress transfer at the rivets in gusset-plates — 5 
Since the end rivets of a riveted connection are always the most highly Lal 
4 jena it is of interest to consider their general method of stress transfer. If — 
_ the section of the connecting member, carrying pure tension or compression, is __ 
equal to the section of the gusset, the percentage of total force taken by the end 
_ rivets varies in a manner similar to that shown in Fig. 10. If there are two — 
3 vets in a line the end rivets will take 50% of the forces. This percentage > 
- decreases to 36.6% for five rivets in a line.“ From. there « on, for any addition 7 


to the number of rivets, the percentage of total force carried by the end rivet | 
remains at about 36 per cent. Batho’s data show that for the case in which the _ 


‘Shue . ‘Stress Distribution in a Re-entrant Corner,” by J. H. A. Brahtz, A. P. M. 55-6, Transactions, — ars 
"“*Riveted and Bolted Connevtions,” by C. Batho, First of th the Steel Structures Researoh 
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ae 
member and the gusset-plate are equal in cross-section area, the « end 
cannot less than 36% of the force on when the stress on 


pivets beyond the elastic limit is of little consequence. 
When reversal occurs, and d each | stress passes beyond t the ‘slip-resistance 
capacity of the end rivets, the ultimate strength of the connection is greatly a 

reduced. In the design of a riveted connection for reversal of stress, one of the 

7 stresses should be kept well within the frictional capacity of the rivets with - 

: ‘special reference to the end rivets, to prevent the backward and forward motion 
in the rivet holes with resultant deterioration of the connection. The cooling Pm 

: of the rivet & and the hole-wall after driving causes a lack o of tightness, which can oe. 

et may be possible to design an important connection with rivets in double ‘5 
shear. . This procedure will double the slip capacity of t of the rivets as well as the — 
shear per rivet, and might justify the additional e expense in the, » shop and i in the 
field. This recommendation is given added weight by the fact that at a point KS 
on the surface of the platens into v w hich h the str stress is transferred i in 1 single sheer, the ‘= 


- reversible stress within the fi friction panei of the joint, it may be well to 
_ Even for members without reversals, there should be as many end rivets i in 
the connection of a member as possible; or, in other words, the number of f lines” 
parallel to the | length o of the » member should be a practical maximum. ‘The 


_ number of these lines may be increased by welding comparatively long lug a | 


the connection. a welded connection is much stiffer than a riveted 
— one, the objection to lug angles is largely overcome. No alternate rivets in the © 
_end rows of the connection should be omitted. W. M. Wilson, M. - Am. . Soe. 4 fi 
Gs ss , with Messrs. J. Mather and C. O. Harris, reports! that the section of a 
tensile connection is not weakened nearly as much by specifying solid end rows 
of Tivets as | is generally believed; or, conversely, the section of the member 
__ strengthened only a few per cent by omitting alternate rivets of the end rows. 
ied The decrease in the number of rows shortens the length of the gusset-plate, * 
4 and thus limits the discontinuity that it represents. — Smaller gussets also te 
a increase the clear length between joints as shown by Fig. 15(a). i! Moments M, iy 


and are from secondary effects... When becomes greater Moments M, and 


4 A. prer states that the moments in the members at the gussets as — 


in in Fig. 15(b) have been increased in the over what they would have 


factor, = is sometimes termed the gusset In so far as the 
- _ stresses in a member are concerned, it is important to keep this factor as a 


te 12 ‘*Tests of Joints in Wide Plates,”’ Bulletin No. 239, Univ. of Illinois, Urbana, Til. 
'¥“"Teknisk Statik,” A. Ostenfeld, II, 1925, p. 401. 
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unity a as possible. From research K. Havemann* the length, I’, was found 


=") which K =; a = distance from the ‘old origin to the new X-axis, or the 
7 distance from the intersection of members to the end of the gusset ; y = y-or 


| 


= effective m moment of inertia of the gusset- -plate; Iu = : moment of inertia — 


of the member; and, b’ = a — y. . The end of the gusset denotes the end of the. 


q welds row of Tivets. Fig. 17 shows a gusset, dis- 

tances, a , 0’, and U’ of Havemann’s formula. 


ai Smaller gussets and lighter sections in the members of the trusses resulted — 
from the multiplication « of trusses in the bascule span of f the Link Bridge recently 
completed | on the Outer Drive in Chicago, Ill. The greater number of — 
with smaller gussets brought about greater lengths, l’, between the gussets for 
secondary bending i in n the n members (Bee ‘Fig. 15). The lighter also 


% increased the © ratios of the members, with a corresponding decrease in 


secondary bending of ther members at the gussets The smaller gussets in area 


as 


larger gussets of heavier, fewer trusses would have been, 
ow The secondary moments in the members at the gusset- -plates are usually not P. a 


& and section with their smaller rivet groups are better in this bridge than the 
lange enough to be of great importance in the gusset-plate stresses, but with the ng j 


7 t--- of the rivet groups the stresses in the end rivets due to these moments 


= be investigated. The shorter lever arms of the end rivets about the © a 


Pe center of gravity of a shorter rivet group increase the load on the end rivets for a 

a given moment. These end rivets are already the most highly loaded ones ~ 

- from the direct stress in the member. On a section of the plate that does not _ 
‘Beitrag zur Untersuchung ebener Fachwerke mit steifen Knotenpunkt ey * von K. 
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uae ony of the members, the bending ane can be found roughly | by the usual ha 


eo of flexure. This case is seldom met in practice, , and may not occur at i 


:  * critical section. Many gussets have been designed by cutting sections and vt 


examining the direct stress, moment, and shear, considering the rivets as uni- 
_formly stressed. _ The bending moment by this method is found by multiplying 
the forces of the members by their distances from the neutral axis of the section. — 


‘This moment, divided by the section modulus of the plate at the section, and — 


multiplied by the secant? of the angle made by the edge of the plate with the 


= to the section, gives an estimation of the stress from bending, at - ¢ 


_— the > legs of the n models, with the | greatest shearing stress transfer at the 
ends of the plates and the ends of the legs. Fig. 3 also shows the tendency for 
_ concentration Of stress: in the direct path between the model legs from the | . 
principle of least energy. highest (p 9)- fringes shift toward the narrow 
side of the plate in the unsymmetrical plates, or in the case of Model D; toward — ae 
the side of the plate w with least area. _ If the unsupported edge of a steel gusset- Ee 


plate is stressed in ‘compression, the « edge will buckle before failure, throwing — tos 
- more moment and direct stress into the interior of the plate. Parts of the ts ; 


gusset-plate in direct line line between members should be designed with the object 
of providing for all these additional stress increments. _ The connections of the ea 
members to the plate should be made wide, with as many lines of rivets for a 


‘They work!® reported herein was made p possible by the varied facilities ai the 


~ University of Michigan. . The writer is especially indebted to Robert H. re poe 
loc ck, M. Am. Soc. C. E., for encouragement and assistance in this research. a 
the tests took place at the University of Michigan except those of Model 2 i 


- which were made at the Armour Institute of Technology, Chicago, Ill __ 


Engineering,” by J. A. L. Waddell, 1925, pp. 519-529. tk 
_ _ 16 This paper is a part of a thesis submitted by the writer for a D. Se. degree at the Univ. ‘a Michigan. - 
A commiete copy of the thesis has been filed for reference in Engineering Societies Library, 29 West 39th a 
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RA 17M. Am. Soc. C. E. “(by letter). .—The gusset-plate is 


| 


of the most common details in fabricated steel structures. The intensity 


and distribution of the stresses in the plates are seldom given any a 
i since experience has shown that in ordinary cases a plate will not fail if it is big EP 
- enough to contain the required number of rivets and has such a shape that it ia 


ean be cut and fabricated economically. Unusual plates sometimes 
“et ansording to the elementary principles of mechanics, one standard — 


specification requiring that “The gusset plates shall be of ample thickness to *, hs A 
resist shear, direct stress, flexure, etc. tot) Yo reat 
‘There is relatively little published material, either theoretical or experi- a 
~ mental, dealing with the stress distribution in gusset-plates, so that the engineer _ yy “a 
finds little to support his judgment in the design of joints lying well outside 4 
i. of previous experience. The stress trajectories in a plate have been found eabec 4 
- the mathematical theory of elasticity for only two boundary conditions. In 2 
both cases, the load is applied through a single rivet—in the one case to a plate q 
of infinite extent, and in the other case to one-half of an infinite plate bounded 
bya straight line passing through the rivet. ‘The laboratory research worker 
knows in advance that there will be little if any opportunity to embellish his 
report with an elegant comparison between his test results and the results of — 
_ rational analysis. + Progress i in this field then must consist in the accumulation _ 
of experimental results from a large variety of plate shapes and conditions of 
loading, thus extending the basis ‘upon which the may exercise his 
The author has added to o the knowledge i in this field through the careful _ 
"refinement and application of some of the newer laboratory techniques, and 
through ‘a discussion of present practice in the light of his own results a ae 
those of other investigators. It is hoped that the same technique may be — Fi ‘ed 
applied to more complicated shapes of plates and conditions of loading. 
3 AP An interesting feature of the photographs in Fig. 3, not referred to by the 
author, appears in Models B,, B;, C, and C;’. Here, the fringes, caused by the 
— light passing through the members attached to the gusset-plates, are inclined 4 
“to the axis of the members, thus indicating a non-uniform distribution of the 
- stress on the cross-sections of the members. This is in sharp contrast to the _ aa F 
- fringes in the symmetrical Model C,’ where the fringes indicate a uniform ye 
_ distribution of stress across the members. This indicates again that, if the 
same welding or riveting is supplied on both sides of the member, the greater a 
_ stress will oceur in the welds attached to the side having the larger area of | 
- gusset-plate. All of this is merely another way of showing that the flow of a 


Stress is along the path of greatest rigidity, = AOU 


E. GRINTER, 18M. Am. Soc. C. E. (by letter).—It seems strange 
__ thought that so much attention hee been paid to the design of truss 7 


ae Prof. of Civ. Eng., Univ. of Michigan, Ann Arbor, Mich. “Glad HOP 
ice-] Pres. and Div., Armour Inst. of Technology, Chicago, Ill. ol 
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ON STHEL GUSSET-PLATES | 


for direct stresses ‘and stresses, little 
attention has been given to the analysis or design of gusset-plates. es 
explanation, of course, is that stress analysis of a gusset-plate is a complex — 
_~process dependent upon the mathematical theory of elasticity, and, as the 
author has stated, only the simpler kinds of gussets have been subject to 4 


~ analysis at al r It is commendable, therefore, that Mr. Rust has found a device » | 


for representing, with reasonable assurance, the relative stress patterns in _ 
. —_— of various shapes and sizes. The meticulous care with which the author d 
_ has prepared his models, which was observed by the writer, leads to more than ae 


“usual confidence in the usefulness of the results. His use of the light interfe-— m 
_rometer for determining the sum of the principal stresses is highly commendable. — 
One feature of gusset design that seems to be neglected more often than it is ue 
considered is the simple one of flexure. There is nothing new about the — 
Tequirement t that the ‘gussets ¢ of Fig. ‘18 must be designed fo for a OES of 


t=0.176", 
oly 


direct stress and flexure, but it is often misunderstood. . Since the total stress, ,: 


Si, ‘must be transferred across the broken lower chord member by the ‘gusset- 


; plate, it is evident that there is flexure to be resisted along taste Bi  * 

Then the total fiber stress may be estimated 


ai It j is possible to check this simple analysis against the vesalte doateal aie 
_ the author for two unsymmetrical | models in Fig. 9. Consider Model B; for a 
~ load of 140 lb. - ‘The value of p — q at Point 7L, which is the mid- point, is 
- 24501lb persqin. The corresponding value of p + q is 2 150. The value of oa: 
_ therefore, is the average of these, or 2300 lb per sq in. This stress can be 
‘recomputed by Equations: (8) ‘and (4): M= 140 x 07 ‘= 9.8 in-lb; and, 


i, 0.491 x 0.176 T 0.176 X 0.4918 ~ = 3 000 Ib lb pers sqi in. . Thus, for this rh 


the » approximate analysis given by Equations (3) and (4) prov es to be st since 
_ it over-estimates the maximum plate stress by 30 per cent. In Model By, ata — 
Io ad of 149. 6 Ik Ib, the actual ‘Stress is 950 Ib per sq in. the fiber 


q 


_ 
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er 
which ¢ is the gusset thick isti 
ness resisting the forces shown in Fig. 18. This | 
— type of design, in which th i 7 ion | plice | 
mm = tye of de ig » in which t 1e gusset is made to serve the function of a splice ‘i 
— ; 
4 


— from Equation (4) is 2 360 lb per sq in., an excess of 20 are : o>: 
eccentricity is considerably less ‘important for this model than for the one 


‘Russert C. BRINKER, Jun. Am. Soc. C. E. (by letter) —Technical a 


= Mr. Rust’s paper is a welcome one. ie ~ Rule-of-thumb design has doubtless been a 

‘. practised more on this “detail” than on any other unit in modern steel bridges. 
Nevertheless, safe dutem (although perhaps often uneconomical) have re- 
sulted, and the following statement in the “Synopsis” might well be challenged: 

ne “Since a gusset-plate is a point of discontinuity of stress transfer in a structural — 

: steel frame, it is here that failures most often occur.” “i Unquestionably eel 
plates are points: of discontinuity and, therefore, are are » danger spots, but search 
of technical literature will disclose few if any instances of major (or minor) _ 

4 failures caused by faulty gusset-plate design. Perhaps that is merely an indi- . 

- eation that rule-of-thumb design has been so overly cautious that even in other- 

wise faulty designe the gusset-plates have been too proportioned to 


It might be noted that in general, gusset-plate design is based upon two 
"conditions: (1) Selecting a size of plate such that the bearing value of a rivet 
the plate will approximately | equal the double shearing value; and 
‘ providing sufficient area along any section of the gusset-plate to take the stress | eux. 
upon that section (brought by the rivets). As for condition (2), for specifica- 
- tions allowing 24 000 lb per sq in. in bearing and 12000 lb p per sq in. for shear, 
- te-in. plate will give balanced Tivet values. For most modern spans, 


q gusset-plates are usually | made # in. . thick, or slightly less than the thickness 


| ‘point that has been neglected—apparently without serious results—is 
possibility of buckling the plate. In rare cases, stiffening angles or 
“flats” may be riveted along the edges of the plate to prevent the occurrence of —_— — 

such failures. — The fact that a reduction in thickness requires more rivets, I a 

with a consequent enlargement of the plate, has tended to keep the plates — s 

An important series of investigations performed to desirable 

¥ sizes and shapes of gusset plates has been discussed by Theophil Wyss.” Bex 

4 _ Two points worthy of note in his results were: (1) The maximum angle over a 

i ow hich the stress spreads from the member through the gusset-plate is about 30°; Ey 
and | (2) an analysis | can be made of the condition by which ‘gusset-plates re- 
‘ceive direct | stress and also a twisting moment, in the same manner that at 

is for direct : and stress means of the formula 


rx 


Prof. of Eng., Univ. of Hawaii, Honolulu, Hawaii. _ 
Forschungsarbeiten Auf Dem Gebietes Des Ingenieurwesens,” Theophi Woes 
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paper entitled “Tension Tests of Large Riveted Joints These 


tests, however, led to the further conclusion that the present practice of 
Jay assuming equal rivet stresses is satisfactory. Consistently, this assumption — wh 
should be made not only in determining the number of rivets but when investi- oF 
Tests and analyses of splices in which the stresses are principally direct z 
= and central, although valuable in themselves, are of limited application : 
analyzing gusset-plates in which stresses are transferred principally by shear ay 
Re and flexure. However, in the case where a gusset forms part of a chord splice, — 
- there i is a large direct stress and also considerable bending stress in the gusse 
due to the location of the chord near the edge of the gusset. It is sometimes 
desirable to the splice from the eliminate this source 
The statement that “An ideal gusset a circle in shape, or 
polygon of approximately equal axes, with all the forces intersecting at or 4 
near its center” will not be accepted by all (see heading “‘Recommendations Be 
for the Specifications and Design of Steel Gusset-Plates: General Practice”). — 
‘The usual gusset connects one or two diagonals (Fig. 20 or 21), a vertical, and — 


a chord. The “ideal” shape of such a gusset just encloses the rivet groups 


— and is rectangular. ‘The point at which the forces intersect is seldom near ‘ i 
the of the gusset. The gusset in Fig. (13 has been | superimposed 


he 


2 corner at the The stress i in n the rivets Ww will compare 
a favorably with the others because the a is converging with the number 


Asst. Engr., Am. Bridge Co., New York, 
ension Tests of Large Riveted by E. Davis, and Glenn B. 
- Woodruff, Members, Am. Soc. C. E., and Harmer E. Davis, Assoc. M. Am. Soc. c. E. (see 


— wwe 
C. W. Wixom," Assoc. M. Am. Soc. C. E. (by letter)—A subject on 
which little information has been available is presented in this paper. Mr. ine 
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_ is transferred as a shear between the vertical and the diagonal. An extension ae mo we 

a =: __ of the gusset to the left of the vertical is of no assistance in this shear transf A 
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product of force by displacement, or a summation of such products; s and the 


— of rivets.” om “« Lug angles, or clip angles, have been deem. to be flexible and 


a inefficient. 28, ** They add to the complexity of the stress a ee oe 


a Since the: lines of force intersect at a point, difficulty is sometimes experi- 
enced in. bending i in gussets. Perhaps the simplest illustration 


_ the increment of chord stress t times its lever arm ‘ 


the method of analyzing more complex sections. 


“stresses. large gu gussets. have been carefully and successfully fabricated x: 

for modern structures. Secondary stresses resulting from truss rigidity my - 

be eliminated to a large degree by proper cambering—that is, by fabricating Py 

_ with lengths of members, but not the angles between the members, corrected _ - 
for their deformation under dead load plus a percentage of live load. In this — S 
manner, reverse secondary stresses are induced during erection and these i - 

Of two structures designed for the same duty, ' the one having the fewer 
members will be the more economical—not only in first cost but in 


in extreme cases, about fabricating limitations or 


not only reduces the friction but results in loose rivets.27_ It i is now 
prohibited i in the leading specifications.?* 3° 

$n T. H. Rusrt,** Assoc. M. Am. Soc. C. E. (by letter).—The discussions on _ 
this paper have further integrated the subject. | Professor Sherlock and Dean © 
Grinter note the difficulty of the mathematical approach to the a 
stress analysis i in steel gusset- -plates, and Professor Sherlock states the a 


of least energy ‘for a a plate with finite The forces con-— 
cerned are those parallel to the plate, applied at points within the plate iy ll 
than those applied ‘perpendicular to it. The stress will flow from one force to 
another along many paths. The amount of stress along a particular path will i 


be a function of its Jength and the ‘rigidity ¢ of the material. Stored energy isa 


_ stress in the plate will distribute itself along the various paths in such a paneer 
as to make the total energy in the plate a minimum. A prismatic plate with | 


iS i tl Modern Framed Structures,” by the late J. B. Johnson, the late ¢ w. Bryan, M. rs 
Am. . C. E., and F. EB. Turneaure, Hon. M. Am. Soc. C. E., Part 


Riveted and Bolted Connections,” by First Rept. of Steel 


“ahs _ %** Modern Framed Structures,” by the late J. B. Johnson, the late c. W. Bryan, : 


Am. Soc. C. E., and F. BE. Turneaure, Hon. M. Am. Soc. C. E., Part err 


me  Riveted and Bolted Connections,” by C. Batho, First Rept. of Steel Structures 


™“ Tests on Effect of Paint between Riveted Plates,” by the late Richard Khuen, oS 
Am. Soc. C. E., Engineering News-Record, Vol. 90, 1923, p. 460. = 


Am. Ry. Engineering Assoc. for Steel Railway Bridges, 1928, par. 544, 
Am. Assoc. of State Highway Officials for Highway Bridges, 1935, par. 3, 11, and a 7 
Am, Inst. of Steel Construction for Structural Steel for Buildings, 1937, par. 26(0). 
a Structural Engr.,Chicago, 
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ON ON STEEL GUSSET- 


similar to Fig. - 6(a). _ However, if the forces are applied at Points in the ends 4 
of the plate, and if the plate is other than narrow in an engineering sense, Be 
n another component of stress will be introduced from the principle of least > 
_ energy as shown by Fig. 6(c). if there is little bending stress, greater stress : 


wil lie in the path directly between the two forces than in any other longer 


7 path through the plate. _ Iti is this variation ¢ of path i in stress | transfer ir in gusset- 


7 - plates from one attached member to another which makes the accurate > determi- es 


_ nation of stress so difficult. 

‘Dean Grinter’ s calculations of in the reveal similar 
"difficulties. In Models B, and B, the computed maximum stress at the edges 
less than | that given by the formate for direct and bending stress. i is. 


one and hence takes more least energy stress than the longer paths : at the ota 
mee wider plates. of the D models show this phenomenon to an even greater = 
*y degree, the stress at the edges being almost zero. It is well to note that the 
behavior of stress: in bakelite models } simulates that of steel ina qualitative, 
rather than in a a quantitative e, , manner. The fringes fall off more rapidly in 
Z the bakelite than they would in a steel plate because the modulus of elasticity — 
of bakelite is only about 550 000 Ib per sq in. in comparison with 29 000 000 
Ib per sq in. for steel. As an extreme example of the localization of stress ; 
due to the elasticity of the material, a pin thrust through a thin sheet of rubber ae 


“ could be moved back and forth laterally in the plane of the sheet, producing 
na only local distortions, and points at some distance would suffer little or no 
distortion. Steel models: would not have this quantitative | handicap, since all 

three types of stress (a), (b), and (c), shown in Fig. 6, would appear in their 


_ true values if the proper scale relations were maintained between model and a. 
‘they are in the the -values and the -valu 


with | pare models; but. perhaps methods could be employ ed such as 
the plates with a a thin layer of which would show oh nges- 
after the steel plates were subjected to stress. 


In the absence of well validated methods for obtaining quantitative it inform a 
tion, the qualitative knowledge is a definite help to the careful designer. 


_ Although the mathematical methods are intricate and not far advanced for ‘ 


_ the study of stress in plates of finite boundaries, with forces applied at points 
es: ithin the boundaries and parallel to the planes of these plates, still progress 4 
might be made by methods analogous to those developed by the German 
physicist, Walter Ritz. He made some noteworthy. solutions in thin plates 

of finite boundaries, with forces applied perpendicular to the planes of the 


in OR" Deformation einer am Rande eingespannten elastischen Platte unter dem Einflusz eines gegebenes 7 
Normaldruckes,” von Ww falter Ritz, 8-1909, Journal fir die reine und Mathematik, Band 135, 
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‘a _ Independent of the modulus of elasticity of the plate, provided the material | 

— _ satisfies Hooke’s law in the region considered. It is only the “minimizing — 
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plates, 

series. continual refinement of results Fourier series 
the designer’ 8 approximations in his calculations and designs. 

” _ Professor Brinker states that search of the technical | literature will | disclose 


indeed unfortunate that more structural failures are not in the 
ce the primary cause of failure is not always disclosed by a nine 
inspection afterward. The close study that preparation of an 
‘points of discontinuity. Engineers agree quite generally that failures : are 
the joints a1 and details rather than in the bodies of the members. iS white 
f Professor Brinker also notes that the gusset- plate should not have an neni 
of less than 30° with the e connecting member. Because of the considerable 
research that has been completed in riveted joints, -gusset- -plates, and thin 
plates,’ 2% the writer did not include this empirical specification in the paper 


= in the thesis'® of which the is a because of ey that 


rT) 


ifs buckling, which Professor Brinker re raises should be the result of the specifica- 


en given in more form, ‘including examples 
3 of ite application by the late J. A. L. Waddell, Hon. M. Am. Soc. C. E15 This 
| formula is approximate and gives only the order of magnitude of plate stresses , 
Mr. . Wi ixom’s statement in n the first paragraph of his ¢ discussion quite agrees 7 
with the st statement of the writer (see ‘Recommendations for the Specifications 
vi id Design of of Steel Gusset-Plates: Stresses”), “Tf there is no reversal, stressing ; 4% 
‘the rivets beyond the elastic limit is of little consequence.” - It is this favorable 
quality in the plastic region of steel that has permitted the specification of 
gusset- -plates to lag in progress | behind the specification n of members. — _ How- 
ever, when reversed stresses occur and each reversal goes beyond the lip: 
resisting capacity of the rivets, the connection is very likely to deteriorate. 
Bek mi It seems that it would be desirable in almost every instance to splice al , 
“members outside of the “gusset, connection and 


of the ex expense of rivet connections or 
; 7 riveted areas of plate, and the writer regrets that such an interpretation hes 
been placed by Mr. Wixom upon the ideal. ‘The ideal gusset-plate is similar 
y to the ideal engineering structure; it can almost never be realized. However, : 
= writer has found, after the examination of many gussets, with the experience 


and the elementary ores at his disposal before this research was s undertaken, 
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stress. of avoiding out narrow _gusset-plates in beds 
reported by Clifford E. Paine, M. Am. Soe. C. E. 
Mr. Wixom’s objection to lug angles is based upon three considerations: — 
(1) Short lug angles induce moment in the transfer of stress; (2) the added rivet 3 
bo connection causes distortion with resultant stress in the ee angle before it can 
4 transfer any stress from the member into the plate; and (3) the : added d material ‘a 
in the lug angle must be distorted with resultant stress before it can transfer FE 
ll stress into the plate. The first consideration can be minimized by long lug — 
_ angles. The second, which is undoubtedly the most important factor, can be 


reduced by welding the. lug to the members. Welded connections are 


to the added riveted co be largely counteracted by welding 
the lug angle to the connecting member. The entire connection from the 
7 _ member and auxiliaries to the gusset-plate, itself, should be either all riveted M,, 


or r all welded. " The third factor can be minimized by = the lug angles as as 4 


7 as | important as the first and second factors. For these reasons it does not 
seem justifiable to condemn all use of lug angles. 


In answer to Mr. Wixom’s preference for heavy trusses, it seems that bet 
; results can be obtained d by) not attempting to exceed, or even equal, the maxi- % 

: ‘mum sizes of rivets, heavy plates, and sections in use at this time. At least, 

_ this should apply to important gusset-plates and their connections. — ‘Many 

"specifications limit the thickness of plates, eye-bars, and other sections for 


steel structures, ‘and C. F. . Goodrich,?* M. Am. Soe. C. E. , reports that ‘ “the 
limit has about been reached in human strength to handle heavier, high- * rd 
| 


a 


= Tn reply to Mr. Wixom’s criticism that the models did not simulate closely - 
enough the complex gusset-plates in actual trusses, it may be said that progress __ 
in any laboratory work re results ts from s simple beginnings. _Also 
Ofte a proper testing technique was of } major importance i in this research. * It is 
— true that the stresses are principally direct in most of the models, and in others f 
the bending results entirely from the eccentricity of the direct load, | whereas — ae 
a in actual trusses the presence of diagonals and verticals renders the conditions, 
‘more complex. | Nevertheless, it is believed that the lessons from these simple = 
om models have supplied information for the estimation of stress in more com- a 


A pliceted joints; and it is hoped that more involved joints will be investigated i in 


“= 


: 3 “Designing Bridge Towers 700 Ft. High,” by Clifford E. Paine, Engineering News-Record, October 3, 


5 ee ***The Relative Rigidity of Welded and Riveted Connections,” by C. R. Young, M. Am. Soc. C. E., C- vt 
K. B. Jackson, Canadian Journal of Research, 11,1934,p.131. 


"Tension Tests of Large Riveted Joints,” ae nad Cc. F. Goodrich, , Proceedings, Am. Soc. C. E., 
_ September, Pp. 1290. 
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The Gre Great and their of great 7 


“the national economy and the national defense. The steel industry of the 
United States was largely built up around lake transportation, and the Great 
Lakes also afford low-cost transportation for gi grain and coal. | This paper is an a 
y - attempt to outline the history and effects of lake transportation, the works © 

4 built during a century for the benefit of navigation, , and to describe the existing 
commerce and shipping. The combined Lake and rail movement of 
commodities i is shown to be efficient and economical. The system has been 
developed gradually through the co-operative effort of the Government, the 
railroads, industry, States, municipalities, and the owners and operators of 
vessels. ‘It demonstrates that good engineering practice and sound business = 
judgment, applied to to plans | laid down only so ) far ahead as ¢ definite 
can be foreseen, | can produce remarkable results. 


Water on the Great Lakes and on the St. Lawrence River and 
_ its tributaries has had a tremendous influence on both the political and economic 
history of the United States and Canada. The first English colonies were — 
a established on the Atlantic seaboard in Massachusetts and ‘Virginia at a 
* the same time that Champlain set up his stockade at Quebec i in 1608; so the — 
English and the French got practically an even start at conquering the American _ 
a wilderness. However, water transportation by way of the St. Lawrence River, 
the Great Lakes, and by the Ohio, Illinois, 
«Rig. 1), gave the French explorers, missionaries, and traders a great advantage ee 
in freedom and rapidity of movement. | By 1755, when the English felt strong — 
roe to attempt to push their claims over the Alleghenies and establish 
_ themselves in the Ohio Valley, the French, due to water travel and trade, had 7 ; 
Nore.—Published in November, 1938, Proceedings. Comm, Vieab 
hi Brig.-Gen., Corps of Engrs., U. S. Army; Pres., ¥ ississippi 
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in and far ahead of them, had built PES, ond 

_ _ trading posts at Sault Ste. Marie, Mackinac, Green Bay, Niagara, on the Ohio, 
Illinois, and Mississippi Rivers, and at Ticonderoga and Crown Point, on 
Lake Champlain. ‘The British had only one post on the Great Lakes, a a small 


futile attempt i in 1755 to capture Fort Duquesne, a body of French and Wis- 
_ consin Indians was in the battle that resulted in his disastrous defeat. a 
- _ British, moving overland through a wilderness, could make no headway against 
a the French, w ho were able to concentrate quickly by water at any threatened © 
point. . Only when General James | Wolfe cut the root of the French pore 
transportation system by the capture of Quebec in 1759, and Baron Jeffry 
4 Amherst, making use of water transportation, proceeded from Oswego with - 


: 10 000 ‘men and 1 300 Indians in hundreds of bateaux and ane Montreal, 


Sse = 


France became British territory. L ates. 
During the American Revolution, water transportation 
- ‘British from Quebec and Montreal, nearly brought disaster to the Colonial — a 


4 Revolutionary cause. General John 1 Burgoyne reached 1 Saratoga by means of | 
water transport and Sir | John Johnson with his Tories and Indians, from Fort 
_ Niagara as a water base, raided the settlements in New York and Pennsyivants ay be 
2 along the Mohawk and the / Susquehanna Rivers. Even after the treaty of a 4 
peace, w water transportation enabled the British to hold the forts on the American — 


= side of the Lakes for a number of years in violation of its terms. = 


Again, in 1813, water transportation on the Lakes played a decisive réle 
The British, with their Indian allies , captured Detroit and Mackinac, and kept ‘ 
General William Henry Harrison’s army ineffective on the Maumee er 

7s + through the command of Lake Erie by a small British squadron which kept 
- Commodore Oliver Hazard Perry’ s war vessels blockaded in Erie Harbor. It :. ‘ 
looked as if the United States might lose all of its Northwest Country. — For | * 


- some unknown reason, the British squadron left its station in front of of Erie long { 


enough for Commodore Perry, unmolested, to work his vessels across the bar, 2 


_ on which there was about 5 ft of water. The victory over the British squadron — 
at Put-i -in-Bay follow ed; the United States regained the advantages of water 
transportation for movement and supply; and Commodore Perry, using his 
own and the captured vessels, ferried General Harrison’s troops to the Canadian “ 
side. | Detroit was re-occupied and the British and Indians were defeated in 
- the Battle of the Thames. Had not the control of the Lakes been votaioen), 
iti is quite probable that the great iron ore deposits of this country might now ; 
7 _ Steamboat navigation began on the Great Lakes in 1816, _ with a steamer s 
a _ running between Ogdensburg, N. Y., and Lewiston, N. Y., on the Niagara y 
River. | . The first steamboat on Lake Erie was put in operation in 1818. The 
opening of the Erie Canal between the Hudson River and Buffalo, N: 
1825 and the Oswego Branch to Lake Ontario in 1828, and, the completion . 
the first Welland Canal connecting Lake Erie and Lake Ontario around Niagara — % 


= in ‘moked the settlement of Michigan, Wisconsin, and Northern — 
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| GREAT LAKES TRANSPORTATION 

The population of Michigan, which was only 4 762 in 1810, reached 212 000 

1840; and Michigan was admitted as a State in 1837. 
From 1835 to 1845, from the Eastern States into the South. 


western: shore of Lake Michigan, with the result that Wisconsin was admitted ms 
ay to the Union in 1848. In 1883, Chicago, IIll., received its first charter = a 
og city and a port of entry, and in 1840 had a population of about 4 500. . 
Naturally, the early commerce on the Lakes was in grain from the ail 
broken prairies, lumber from the virgin forests to Eastern markets, and in 
.e @ ‘manufactured goods destined to the West. The first bulk cargo of grain was 


. _ shipped from Chicago to Buffalo in 1839—about 1 600 bushels of wheat. _ Five” 


days were consumed in getting the cargo aboard, fourteen days i in making the 
run to Buffalo, and seven days in discharging the cargo. In 1840, ‘Chea y 
shipped six cargoes of wheat, aggregating 10 000 bushels, and during that year — a 
__ @ grain elevator was built and equipped with steam elevating machinery. = 3B 
a The original forest of white pine mixed with red or Norway pine ae stretched — 
ae across Michigan, Northern Wisconsin, and Eastern Minnesota. As early as $ 
1850. lumbering ‘operations in Michigan were extensive. It i is stated 
that there were 61 saw-mills in operation in the State in 1854. By 1890, 
Michigan, ‘Wisconsin, and Minnesota were cutting more than one-third of all Me 
+f the timber harvested in the United States. - This timber supplied the Eastern 
ma arket and built the towns and farm buildings throughout the Middle West 
a. fo Buffalo, with its strategic | location at the eastern end of Lake Erie and the Se 
3 western terminus of the Erie Canal, naturally” became the principal receiving 
-— port and milling point for grain, and Tonawanda, N. Y,, the market for lumber a T 
destined for Eastern and for ex export. Likewise, Chicago and 


oie os other Lower Lake Michigan ports received great quantities of lumber “7 q i 


= distribution through the Middle Wet. 


when ‘negotiating the ‘treaty: of in Paris, at the close of 
~ American Revolution, had access to the records of French explorers and that 
= he drew the boundary line through Lake Superior so as to include the copper 3 
deposits in the American possessions. He is reported to have said, ““Thetime _ 
_ will come when drawing that line will be considered the greatest service I ever ad 
~ rendered m my country. ” He did better than he knew, for he included the iron 
a ore deposits as well, - Several companies were organized for mining copper anf! = 
: 3 silver in the Thirties and Forties, but it is stated that at the time of the Civil 
: War only two were paying dividends. In 1865, the Calumet and Hecla Mining © 
is 4 Company | operations were started ia from that time thousands of tons ed 
produced annually. Until Montana and Arizona became important ‘producers 
copper, about the ‘Principal source of in 
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a Until 1855. commerce Lake Superior was blocked by” as 
_ rapids in the St. Marys River. Previously, a small quantity of ore was moved 
from the mines near Marquette by wagon to the Lake, loaded aboard a schooner _ 
and taken to Sault Ste. Marie where it was unloaded, carried around the rapids, _ 
andreloaded on another vessel 
‘The State of Michigan, with funds obtained from the sale of lands under a by! 
- Federal land grant, constructed a canal with locks around the rapids and ~ 
opened i it to commerce in 1855. first through shipment of iron ore to 
P Erie port was made in the same year in the brigantine, Columbia. _ The ps panic 
a 1857 arrested development temporarily, but the Civil War created a great 
demand for i iron n with which ‘to arm, equip, and supply the largest | Army | and 


q and maintain. Thus, again, Lake transportation became an important factor 
in operations and contributed materially to their ‘successful conclusion. 


-Minn., and Superior, Wis., , at the head of the Lake, came into veal as eupply 7 
a gabon for lumbermen ‘and, in 1870, were dependent on the lumber business. Pa 
4 and, rapidly theteafter, with the settlement of North Dakota and Mintens; 


m* - they became the outlet for grain 1 from these States, as well as from Northwestern. 


in At the close of the Civil War the great era of railroad building ‘Cicdilafiinin 
the United States required an enormous supply of iron. To meet it, furnaces — 
were built and expanded i in the area between Lake Erie and the Monongahela 4 3 
River, where ore by Lake and coal by rail and river could be brought together “E2 
with a minimum of expenditure of time and money. Thus, the great steel mt 

i industry i in Western Pennsylvania, Ohio, and West Virginia was built by low- 

cost transportation, combining to the best advantage both rail and water move- — 

- ments. Later, the same principles caused the developments in the steel 

industry at East Chicago, Indiana Harbor, and Gary, Ind. = 


— Prior * to 1884, only the ‘Michigan and Wisconsin ranges were worked, but 
— in that year shipments. began from the ‘ranges i in Northern Minnesota, which 
had been discovered about 1875. The Minnesota ores moved and continued 
i to move to Two Harbors, Minn., , Duluth, and Superior, for loading into vessels. _ % : 
With the settlement of the Upper Lake States and the development of — 


‘teatiei therein, a demand for coal was created which could be met mos = 


by rail and water movements. at low costs 


a 


Porro de the Upper Lake region, farther west in the United States and, to a sry 
ta By 1914, all Europe was at war, and by 1917 the United States was s also” 
re in the struggle. _ For two years, the demand of the Allied Powers for steel — 
= for arms and munitions was tremendous and then the immense requirements of 


the States Government to construct to arm ‘supply the 
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on GREAT LAKES ‘TRANSPORTATION 


4 tion which had developed in the century since Commodore Perry's ? 
victory in 1813, met every requirement of the emergency and had an incal- | 4 
“ culable weight in the favorable outcome of the war. As long as the iron mines 2 
= on Lake Superior and the coal n mines last, and as long as wars are still a Pome % 


better a 


water-transportation system, such as that of the Great 
many elements: The Lakes themselves, their connecting channels both 


service, navigation charts and the organizations and men n who operate po ; 3 


maintain the vessels, and all the other elements of the system. 


a It is impossible in a short paper to describe the development pone present. 
: status of all these elements in detail. However, it may be stated that al ‘i 


of f them are in existence and are eS with high efficiency, __ ody nw 


wit In their original wsnstiiien each of the Great Lakes in itself afforded easy 
- navigation, but connecting channels were either non-existent or inadequate. | 


=e 


| The first Welland Canal completed by the Canadians in 1829 opened naviga- — 
~ tion between Lake Ontario and Lake Erie. — ‘It had a depth of 8 ft. The | 
_ first canal around the Falls at the “Soo” was opened d in 1855, 1 with a a depth ¢ of ff 
ft, connecting Lake ‘Huron and Lake Superior. _ 
"There were no natural harbors so located along the American shores 
as to be of commercial value, so the Congress promptly began to authorize the 
“a improvement of channels and the construction of harbors by the War Depart- wi 
ment. *F or the small sailing vessels and steamers, the rivers and creeks on 
_ which ‘the | growing Lake communities were located were the only harbor > 
_ possibilities within the financial abilities of the National Government In 
general, the mouths of such waterways were obstructed by bars on which 
_ there was as little as 3 or 4 ft of water. Some examples of early harbor i im- q 
_ (1) A survey of Erie Harbor, where a deep natural bay existed, was made 
by the Corps of Engineers i in 1819 and | showed only 6 ft on the bar. By. Act 
of Congress in 1823, a board of officers « developed a plan for the improvement _ 
of the entrance by dikes and jetties, and work was begun in 1824. By 1828 
8 minimum depth of 7 ft at all times had been obtained, which was increased 


9 ft in 1830 and to 13 ft in 1868. tare 
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with their mechanical and other equipment, the railroad facilities serving the 

harbors and reaching inland, the maintenance of channels and harbors, the 
ye __ vessels in the carrying trade, harbor craft, shipyards, aids to navigation, light- st 
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5 was begun 
(3) At Chicago, work at the mouth of the Chicago River was 
1833 by the construction jetties, and a of 9 ft was obtained before 


ven (4) At Lorain, Ohio, parallel jetties were ‘built at the mouth of Black River, “a 
work beginning in 1828, and a depth of 10 ft was soured, the original depth . 
(5) Work to improve e the entrance to the Cuyahoga River at Cleveland, 

2 Ohio, by parallel jetties was begun under the Act of 1825. The original depth 


of to 4 ftv was ‘increased to 6 ft in 1828 and to 10 ft in 1831. 


filled with stone was utilized for reasons of cost. The Federal Government 
limited its: work to providing entrance channels. The municipalities and 

_ vessel operators took care of the channels inside the jetties. Ser hs 
ie (7) A depth of 12 ft was obtained through the St. Clair Flats in Lake 
St. Clair in 1855, where the —— depth had been from 2 to 6 ft, and St. 


_ Marys River was deepened. 


(8) By 1869, vessels had so increased in size and number that the need of 

- outer breakwaters to afford ‘anchorages: and safety of entrance into the rivers” 
a = apparent. _ Work was begun on the Buffalo breakwaters in 1869, and on 
those at Chicago in 1871. Timber cribs filled with stone were the standard — 
- construction for the earlier breakwaters and most of them, later oat down to low ; 


water and capped with concrete, are in service. ait 


From these modest beginnings, designed to the immediate needs 
of a rapidly growing commerce carried in small vessels, steady progress” has ae 
made in deepening and widening connecting channels, in deepening: 
“harbors and their entrances, and in giving them 1 more extensive breakwater - 
protection in order to keep pace with the increase in size and draft of the 7 a 
Lake carriers. This has been possible at reasonable costs through the use oo _ 
] of the most m¢ modern dredging equipment and the substitution of rubble, con- 7 


crete caissons, and ‘cellular’ steel shell-r vile construction for. timber ‘cribs. in 
breakwaters, as the price of timber became excessive. 4 


In practically all these jetties or ‘piers a) to (6)), timber work 


4 
= 
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At the present time (1938), the Lake System consists, in ‘addition t to ade 7 


7 quate harbors, of down-bound connecting channels 25 ft or more in depth | 
from the head of the Lakes at Duluth- Superior and from Chicago, to Ogdens- yP 
‘fo burg on the St. Lawrence Riv er, with 14-ft channels in the Canadian canals * - 

Montreal, and up-bound channels 21 deep. ‘The New York State Barge 


12 ft from 


jeunes for safety to vessels, 9 case existing project for the Upper St. = 


> River provides for a a two-way channel having a minimum width of 1 000 ‘ 
with a depth at low-water datum of 27 ft paesiiaes) Round Tada Shoals an 


= 
4 
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son and Oswego, and the Illinois Waterway with a 9-ft 
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Point Turn and thence, to Point Louise with a width of 1 000 ft. 
American locks at the “‘Soo”’ have the characteristics shown in Table 
oN The Canadian Canal at the “‘Soo”’ is 1} miles long, 150 ft wide at the top, 142 ft 
7 at the bottom, and has a lock 900 ft long and 60 ft wide. Navigation in the a 
‘= canal is limited by the depth over the miter-sills at the locks to boats With 
drafts of about 17 ft. It was opened to navigation in 1895. 
' In the Lower St. Marys River, the project provides for a down-bound | 
_ Palm with a depth of 25 ft and a minimum width of 300 ft, and an up-bound 
channel with a depth of 21 ft and a minimum width of 500 ft. In St. Clair 


4 River, the minimum width of ‘the two-way, - channel is 600 ft, ‘and the depth i 


1 ¢ OF THE AMERICAN Locks. av SauLr Sre. Marie, 


515 

* 


25 ft. In St. Clair Lake the two-1 ~way channel is 800 ft wide and 25 ft 


Th he two-way channel at the head of Detroit River is 800 ft wide and 25 | 

“ ft deep. t Fighting Island Channel, below Detroit, is 26 ft deep and 800 ft wide; - 

a a Ballards Reef Channel north of the junction with Livingston Channel is 26 ft _ 
deep and 600 ft wide. ‘The Livingston | Channel west of Bois: Blanc 


thence 26 ft deep and 800 ft wide to its with Amherstburg | 
and thence 26 ft deep and 1 200 ft wide to the 26-ft depth contour in ‘La 
_ Erie, the lower 1 200-ft section being ‘used for both up-bound and down-bound _ 
traffic. Amherstburg Channel, east of Bois Blanc Teland, fo for up-bound vessels, 
is ft deep with a minimum width of 600 ft. 
The new Welland Canal, opened in 1932, is 25 miles long, with a «paella . 
F; leh of 200 ft, 310 ft at the water line, and a depth of 25 ft. The canal has 
seven locks, each having a usable length of 820 ft, a width of 79 ft, and a depth | | 
ss The great length of the connecting channels in which natural depths were 
small and the artificial character of the Lake harbors built in comparatively — 
‘se, - shallow water have made it impracticable to provide depths for Lake navigation _ 
equal to that at ocean ports. Storm waves on the Lakes probably never much > 
exceed & a eetid of 20 20 ft from m trough t to er crest. st. Most of the freight i is handled i in 2 
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Channel 

ment has limited their beam, ‘and safe handling i in restricted waters has limited. 
_ their length, although the moderate height of storm waves has permitted ratios _ 

a length to beam and to depth greater than ocean practice. As a result of all ¥ 

_ these factors a bulk freighter has been developed with large: rudder power, ¥ which 

- can carry about as much on 22-ft draft as large ocean vessels can carry on 30 ft, g 


or more, _ This development, of course, has been gradual with | improvements Va 
a in ship construction and with the increase in 1 depths of channels and harbors. . 
The first vessels on the Lakes were sailing schooners and brigs; then came 7 
 wooden- -paddle wheel steamers. 1 The Ontario, the first. American steamer 
on the Lakes,? was built in 1816. It v was 110 ft long, with 24 ft beam Shit 
d depth, a displacement of 237 tons, and was driven by one low-pressure cylinder _ 7 
with a bore of 34 in. and a stroke of 4 ft. Itis stated that it took her ten days — 

to make the trip from Lewiston to Ogdensburg. | The Vandalia, the first 
propeller boat in the United States, was built in Oswego in 1841. For years, 

commerce was carried in sailing vessels, towed through the rivers by as 8 8 8§|— 

steamers, and in steamers with one or more barges in tow. Hulls went ‘through 
_ the evolution in design from wood, to composite wood and iron and steel, and Ae 
then to steel. The steel whaleback freighter and whaleback barge had their — 
x day, but since about 1904 the type of bulk carrier has been well established, the ie 1 
changes being only in theirsize. 
+ The carrying capacity of Lake bulk freighters on a 19-ft draft ranges oder 
3000 to 12 short tons Items Nos. 1 to 3, Table 2). The extra load per 


= ouse anc 
a cargo hold, without bulkheads, and a coal- burning power plant aft. — The 
‘vessels and safety are provided by inside tanks. 
Ba Four bulk freighters built during 1937 and 1938 have a carrying capacity on : “fl 
22-ft draft of 15 440 short tons (Items Nos. 4 to 7, Table 2). ‘They are equipped 
4 with geared turbines of a capacity sufficient to obtain speeds of 12 miles per hr das 
loaded and 13. 5 miles per hr light. The Canadian steamer, Lemoyne (Item 4 
No. 8, Table 2), the largest of the Lake fleet, has carried record cargoes in net . 
i tons, as follows: Ore, 16 400; bituminous coal, 16 500; anthracite coal, 14 600; ite 
stone, 18 100; and, wheat, 17 100. iT. 
4 _ Self-U nloaders. —In 1928 there were 43 self-unloading vessels on the Great 
Lakes, with a gross tonnage of 144 730, which were increased to 65 vessels having * 
—& gross tonnage of 243 343 in 1937. Many of these vessels are of the usual ore HA: 


"and coal- handling types with cargo hoppers installed i in a their holds, tnniven~ fl 


hatches over the cargo hold are spaced on about | 12 ft centers. e Trim of the = 


large cn be placed 115 ft. from ships at an of 65 


*"*Freighters of Fortune,” 


— 


- ng equipment, once installed, can be modified es 
: 
| 
= 
# 
i a 
"Ws 
7 


Motor 8 otor Ships. .—There are 48 motor-operated vessels i in bulk and package. 


8 877, of which 36 are of American ‘registry ‘and 12 Canadian. The two 
; "largest, the Henry Ford II and Benson Ford, are both bulk freighters, of the 
TABLE 2.—TyPicaL IN THE Great LAKES TRADE 


George B. Leonard. . | 28. Lake bulk freighter 
| Thomas W. Lamont Lake bulk 

William A. Irvin. . (586 | 60 New bulk freighter 
Ralph H. Watson.. 4 New bulk freighter 


Largest bulk freighter | 
Henry Ford II..... Motor vessel 


carrier 
Automobile 


Lake and canal freighter 
Lake and canal freighter 
Lake and canal freighter — 


Typical Lakes tanker 


~ standard Lake type, propelled t by Diesel | engines (see Items Nos. 9 and 10, 4 


Passeng er and 30, 1934, there were 119 
* vessels of 1 | 000 gross tons and upward, aggregating 357 2 231 tons, in the pase 
~ senger and package freight trade on the Great Lakes. The W. J. Conners % 
_ (Item No. 11, Table 2) is probably typical of this class of vessel. _ It is powered 
y with an 1 800-hp, quadruple expansion, steam engine, giving it a speed of 13 — 


v 


Automobile Carriers.—This type of vessel was converted from the bulk 24 
“freighter. They were ¢¢ converted by the addition of “*tween decks” and ele- 4 
vators for the lowering of cars to the lower decks. A representative vessel 
of this type is the Crescent City (Item No. 12, Table 2). In 1936, a Pie 


conversion was made on the James Watt (Item No. 13). This vessel is 


Zs pioneer i in a rather u unique e transportation plan—the « carrying of loaded truck 
trailers between Detroit and Cleveland. 
- Pankers. —Tanker tonnage on the Great Lakes now constitutes one of the 
“itil items of traffic. No individual “type has been developed in this 
% trade with the exception of the motor tanker that trades on the New York: 


5 State Barge Canal and the | aan Lakes. Several of the tankers in use on the 
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GREAT LAKES TRANSPORTATION 
Great Lakes have seen prior service on vali ocean. A typical tanker on n the 
r Great Lakes is the Panoil (Item No. 17, Table 2), with a speed of 10 miles per hr 
A large group of Diesel-powered tankers are are operated on the Great Lakes 
_ by one of the more important | oil companies. ~All these boats are of the New| 
Barge Canal type, whose general characteristics are a rather excessive 
S “breadth, a length of 250 ft, a draft limited to approximately 12 ft, with a speed — 
of approximately 9 miles per hr, and a carrying capacity of approximately — 


dena New York State Barge Canal- Boats. —Because of the peculiar physical condi- 
tions to be met, a distinct type of boat has been developed for this traffic. 
; _ these self-propelled vessels are Diesel-powered with the exception of two boats, 
the Edgewater and the Chester (Items Nos. 14 and 15, Table 2). Atypical — 
- veusel of this type is the Badger State (Item No. - 16), which draws 10 ft of water, _ 
loaded. The power is a Diesel engine of 930 ‘ihp. ¥ . The cabins a are set through 
_ the deck with about one-half their height projecting above the main deck. * The 
‘hold is divided into compartments and closed with the conventional ‘ype of y 
“ty Items Nos. 14 and 15, Table 2, are more e elaborate in construction than ates 
By boats i in this trade. _ Power i is supplied with two oil- -fired water-tube boilers to 7 


454 051, averaging 178 tons per | r vessel. In 1935, there were 550 American iS 


vessels of 1 000 gross tc tons and mo more, with a total gross tonnage of 2 575 455, : os 
of which 4 441 w were classed as bulk freight carriers, exclusive « of tankers, having a 


a of 1000 gross tons and more o numbered 285, having a total | gross s tonnage of ps 
4 733 971, of which 221 were classed as bulk k freight c carriers, aggregating 574 903 © 7 
“gross tons, or 18% of the total tonnage. pala oF 
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United States Lake Survey (War Department?) publishes for and 

% keeps up-to-date general navigation charts of each of the Great Lakes, of P 


Rainy Lake, Lake of the Woods, the New York State Barge Canals, and Lake ue 


: ¥ Champlain, and detailed charts of all harbors and connecting channels and of 


the St. Lawrence River from Lake Ontario to the International Boundary. 0 @ 
ee publishes annually a Bulletin, supplementing information given on on charts, — 
containing detailed descriptions of shores, outlying shoals, harbors, storm _ 

_ Warning, and i Coast Guard stations, together with changes in in channel conditions es “i 
and buoyage. The Survey is co constantly engaged i in sweeping for shoals and 


«See, Manual of Engineering Practice 
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toe _ mechanism that raises and lowers it. When operating in the canal, the pilot- =] & a 
tet house is lowered to pass under the bridges, and, in the Lakes, itis raised to give = 
records show that in 1868, the total number of documented American ag 
10, 
% 
19 5 
AS- 
ere 
ilk 
le- 
sel 
lar ; 4 
4 
ick 
the 
ork 
the = 


LAKES ‘TRANSPORTATION 
mon 
wrecks, revising and making « observations of Lake levels an river 
United States. Bureau of Lighthouses (Department of Commerce) has 
installed and maintains a most modern system of lights, radio beacons, fog pe 
signals, ranges and channel buoyage throughout the American waters, harbors, — : 
and d connecting channels of the Lakes and of the St. Lawrence River. Any 
7 changes i in lights or buoyage o or any other aids are immediately made known A 
_ to navigators by that Bureau. u. _ The Canadian Government performs a a similar 
The Coast Guard maintains a: system of life-saving stations at all important 
points throughout the Lakes and a fleet of two 165-ft cutters and seventeen 
_ patrol boats for the enforcement of Federal laws, for assisting | vessels in distress 
und 
and for protecting life and property upon the navigable waters of the a 
States. It also ‘operates, through arrangements with commercial telephone 4] 
companies and its own radio, a of communication for vessels 


The United States a Weather Bureau operates a system of storm warning 


For the of. channels, canals, and harbor w works, and the con- 


- struction of new works, the War Department maintains five Districts with 
District Offices in Duluth, Milwaukee, Chicago, Detroit, and Buffalo. ‘Th 
Lake Survey, operated as as a District covering the entire ‘Laks region, is 
situated at Detroit. All ‘District Engineers are supervised by a Division 
a _ Engineer, with office in Cleveland, who o reports to the Chief of Engineers, 4 . 
U. Army, in Washington, D.C. New work of constructing breakwaters or 
channel dredging is done by contract, and the marine contractors on the Lakes _—‘| 


The War Department maintains four hopper for the 
a maintenance of harbors, and sufficient other plant to do repair work on break- 
waters. Each District Engineer is responsible for the maintenance of ana 
depths in the Government channels in his District and for performing 
= duties relative to navigation charged by law to the War Department. 
HARBOR TERMINALS 
There is nothing remarkable about the package freight terminals on the 
: 4 Lakes. The bulk freight terminals, however, are unusual i in their excellence of e 
mechanical equipment, capacity, and efficiency. The ore-loading docks | are 
designed with their ore pockets spaced so as to cover the hatches of vessels. _ 
' : ‘The unloading docks for ore are laid out and equipped so as to take ore from 
vessels and load it directly to railroad car, or into stock-piles. Car dumpers 
, a _ coal from rail to vessel are of the best design. The bulk terminals in general — 
_ have been installed by the railroad companies and are supported by adequate — 
and well laid out storage and switching trackage. The efficiency of the Lake 
_ ayetem of transportation is due to a combination of economical water haul 
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with highly efficient ihabiadl and railroad operation, making possible the quick 
ewe around of vessels during a seven-month navigation season. Mit 
The combined efficiency of terminals and vessels is shown by the records 
Table The of the Lake Carriers’ Association show that the aver- 


“TABLE 3.—ComBI ENCY OF TERMINALS AND VESSELS» 


565 ap: 1 


age stay. of iron-ore carriers at Lower Lake ports has decreased from 36 hr in 
1906 to less than 11 hr in 1937. dei Corresponding figures” for ore carriers at 


‘ae Lake Carriers’ Association was organized at Buffalo in 1892 and was 


of the Corporation as set forth in the 


v, a al establish and maintain assembly rooms for the use and general welfare 
of seamen on the Great Lakes, their p and tributary waters; to es- 
7 tablish and maintain and procure the establishment and maintenance of aids 
to navigation; and improve and secure the improvement of channels, docks, 
"wharves, loading and unloading and terminal facilities; to establish and main- 
E tain by contract or otherwise such amicable relations between employers and — 
employed as will avoid the public injury that would result from lockouts - 
strikes in the lake carrying service; to provide for the prompt and amicable — 
adjustment of matters affecting shipping and the interests of vessel owners of — 
the Great Lakes and their connecting and tributary waters, and to lease, 
4 rent, purchase or sell such real or personal property as may be necessary or — 
convenient in carrying out the foregoing 
The liberality of view in this statement of pur purpose and the success of the 4 
_ Association in accomplishing it are remarkable. It has demonstrated how such a 
an Association can be of great service to an in industry by studying its problems, 


| 
— ing the e conditions of its employees, and presenting facts to the os 


= 


ment agencies with which it has to deal. 10) aed 


recommendations made by the Association for improvements for the 


3 benefit of shipping on the Lakes have consistently been constructive and con- _ 


servative. At the time of incorporation the membership included passenger 
Vessels, tugs, and sailing ships. On December 31, 1937, the memt 


included mainly the bulk freight vessels of American registry in the iron ore 
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coal, in, and stone trades, as as follows: 


aoe IN TONNAGE OF LAKE VESSELS — 

number and gross tonnage of vessels enrolled in the Lake Carrer 
Association at 10-yr periods, with the change in average | tonnage, are as shown — 


in Table 4. certain cases the Association has ‘its own funds 


Gross registered Average Year Gross registered Average 

ship ofships | tonnage per ship 


679.919 1925 2223143 | 5255 
(21411749 1935 2 185 5 500 


magazines, “writing g materials, and other ¢ conveniences, and for the 
of death benefits from accidents incident to employment. The Association ia 
maintains an excellent library at the “Soo” and exchanges | books with i its vessels — 

as they 5 pass through the locks. s. Through its Committee of Shore Captains, — 

: composed of a group of masters with long experience in lake navigation we 
filling executive posts, its Committee on Aids to Navigation, , composed of active 

"2 4 ‘masters, and its Fleet Engineers’ Committee, 1 made up of former chief e engineers» ha 

_ now supervising the Engine Departments of the vessels in their respective a 

fleets, the Association is constantly working for s safer and better ‘operation — 

better 1 maintenance and construction. wit Fe Silt is 

It has established for its member vessels up-bound and down-bound courses — 
in Lakes Huron, Mic shigan, and Superior, which also are generally | followed by 
‘ non-Association vessels, thus reducing the hazards of collision in fog. pee 1a 
For twenty years the Association has conducted schools, during the pe 
season, for the wheelsmen and oilers in its fleet desirous of advancement to 
- officer rating, and for officers desirous of raise in 1 grade. ’ During that period — 


730 oilers and 544 wheelsmen obtained their original licenses, and more than 
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more than 4 000 tons) . $183. 00 


‘Deck 102. 00 Chief cook (on vessels 


co 
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‘During the World War, under seagate made with the U. S. Navy 
.- Department, 3.503 men were trained aboard the Association’s vessels for posi- 
tions in the Navy and the Shipping Board. In addition, the Association a 
responded to every call from the Emergency Fleet Corporation to provide _ 
_ erews for the ships built or purchased on the Lakes by the Government for _ 

- ocean service in the war. Se The offices of the Association furnished 1934 men 


7 Now, ‘ “the proof of the pudding i is in the e: tion: ” and the efficiency of — 
"system must be judged by the results. In this sense, the record of the volume 
commerce on Great Lakes cost of water transportation 
freight passing through the at the “Soo” (which is the index 
Lake was only 14 500 tons in 1855; the 500 000-ton mark was: 


on the peak was reached i 1 in 1929, when ‘more than 92 92 000 000 ‘tons of fr eight 
"passed through the locks. ad 


During the decade, 1926-1935, dis the United 


7 States Great Lakes ports was 114 837300 short tons, which included the ve 
_ highest as well as the lowest 1 tonnages in recent years, with 161. 344 361 tons in 

1929 and 54 913 140 tons in 1932. * After eliminating all known duplications, _ 


- the net traffic on the Great Lakes i in 1936 amounted to 138 373 898 short tons, 
Passenger traffic at the United States ports on n the Great Lakes consisted 
largely of ferry passengers during the decade, 1926-1935, and averaged more 7 - 

- 19 000 000 persons, of which 58.5% arrived at, or departed from, Detroit; ; “ 

2. 2% were handled at Lake Erie ports; 6.6%, at Lake Michigan ports; 5.1%, : 

F at Port Huron; 5%, at localities on the St. Lawrence River; and the remainder : 
Some idea of the traffic on the | connecting waterways of the Lakes can be . 

. had from the following data: During the 81 yr from 1855 to 1935, the St. = a ; 
Marys Falls Canal has transited a total of 2 394 472 474 tons of freight, oran 
average of 29 561 389 tons per year during its existence; the St. Clair Flats hy a 7 

= Canal, in Michigan, in 1891, transited 22 160 000 tons, which increased to a ann 

99 677 966 tons, in 1929, to 59 287 907 
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«GREAT LAKES PRANSPORTARION 
the Detroit River with 23 209 619 tons in 1891, rer: ‘its high level 0 


4 
«110 719 845 tons in 1929 and, in 1935, shows a total of 75 779 280 tons; the 19 
—s _ Welland Ship Canal showed a movement of 719 360 tons in 1900, and a peak s a. 
of 9 280 452 tons in 1929, whereas the 1935 traffic amounted to 8 537 460 tons 3 


a the New York State Barge Canal traffic since 1837 (or « during 99 yr) amounted 
ss to: 863 641 280 tons, or an average of 3673 144 tons per yr. The largest . 
recorded traffic was moved i in 1871, when 6 467 888 tons were handled, and the oh 
~ smallest, : or 1 159 270 tons, in 1918. Since 1918 the movement has increased ait 
sto its 1936 volume of 5 014 206 tons; traffic on the St. Lawrence River Canals it 
. Saw its peak in 1928, when 8 411 538 tons were handled, whereas the traffic G 
since that time has ‘ranged from 5 718 651 to 6 951 064 tons, with a recorded — 
total of 6 873 655 tons handled in 1933, of which 4 879 714 tons originated in — 
Canada and 1 993 941 in the United one BOS 
nal The Grain Movement. —The territory tributary to the Great Lakes is the 
most important grain-producing district in the world. It includes most 
the surplus grain-producing States of the United States and nearly all the © 
—_— territory of Canada. This” territory in 1928 produced 35.1% of the 
~ world’s grain, excluding that of Russia and China, but, in 1935, production — 
had dropped to 28.7 per cent. it. ‘The sixteen States included within this territory es 
have produced 71% of the wheat grown in the United States since 1919. ‘< 
‘The enormous quantity of grain flowing eastward is practically all shipped act 
the four ‘Ports of Fort ‘William-Port Arthur, Duluth- Superior, Mil- 


pose 1868, when a total of 48 585 bushels were shipped, and shipments from 
4 Fort William-Port Arthur began i in 1 1884 y with 951 bushels. — The peak year in — 
grain shipments from Upper Lake ports was in 1928 when more than 572 000 000 
were shipped. _ However, in 1935, shipments from these Ports, had 
dropped to 235 000 000 bushels. During the 16-yr period from 1920 to 1935 
_ Fort William-Port Arthur shipped 49.6% of the grain from the four Upper Lake 
Ports; Chicago, 25.1%; Duluth- -Superior, | 19. 4%; and Milwaukee, 5.9 9 per cent. 
Wheat constituted 58.3% of the total grain shipments from the four ports; : 
15.4%; corn, 12.8%; barley, 7.0%; rye, 4.8%; and flaxseed, per cent. | 
Buffalo i is the principal receiving port for grain at the Lower Lake porte. oe 
tt received 000 bushels in 104 000 ) bushels i in 


“" 4 Lakes for Canadian grain and received 20 600 000 bushels during 1935. * How- 
r ever, ‘since the construction of the r new Welland Ship Canal and the construction 
transfer elevators at Kingston and Prescott, Ont., Canada, grain en route to. 


recei| 


crops the droughts of 1934, 1935, , and 1936 resulted in n shipments 0 
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as a 12.000 000 bushels in 1935 direct from Upper Lake ports in deep-draft 
Prescott received 8 000 000 bushels, and Montreal received 51 000 
vessels drawing not more than 14 ft of water. eed Jl 

The grain movement on the Great Lakes has changed considerably 
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GREAT 

the grain-growing sections of the West. “During 
1928 there were shipments from the seaboard to the Great Lakes via the New _ 
_ York State Barge Canal of 230 688 bushels. In 1934, 1935, and 1936, the ship- 
ments by this route were 7 452 622, 9 620 572, and 3 671 361 bushels, respe respec- 
tively. In the same years the westbound ‘shipments through the Welland 
Canal amounted to 11 662 490, 9 214 453, and 9 268 284 bushels, respectively. 

a In 1937, the westbound movement through the New York State Barge 

Canal amounted to 3 220 192 bushels and a the Welland Ship Canal to 


and 1 239 477 of ‘flaxseed | Argentine Republic delivered at at 
Tron Ore-—More than 1 600000000 tons of iron ore have passed down > 
through the St. Marys Falls Canals since 1855. The peak year in the ore trade — 
q was 1929 when n more than 72 000 000 short tons were handled. In 1936, the ore 
4 movement by Lakes was 50 176 000 short tons, of which 47 000 000 short tons’ P 
: gh the United States locks at the “Soo” from the Superior ranges. : 


The receipts of ore at Lower Lake ports in were as follows: 


a The 1 movement of ore from a» Erie pate to interior consuming fesianiaie is an 
all- rail movement. The greater bulk of the ore is loaded direct from ship to 
ear. Cleveland, Conneaut, and Ashtabula, Ohio, are the leading Lake ports | 
F — Coal.—In 1936, 44 000 000 net tons of bituminous cargo coal were carried, 
.. which was 6 000 000 tons more than had ever before been moved on the Lakes in 
.: & single season. 3 In addition, the car dumpers put 1 430 000 tons of fuel into 
| — the bunkers of vessels which were loading coal. _ For the first time a single ors ’ 
"Toledo, Ohio—has loaded more than 20 000 000 tons of cargo coal. San- — Se 
loaded 9 355 000 tons. Shipments from these two ports 
e almost entirely coal from Southern mines. - Shipments of bituminous coal from + an 
Lake Erie ports to, or through, the Welland Ship Canal, to a great extent to 


- Hamilton and Toronto, Ont., ee reached 3 000 000 tons for the first tim 
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‘GREAT LAKES 


land Canal 


During | 1937, 674 000 tons of anthracite were handled on the ade: ‘The 


 Limestone-—In 1936 the movement of limestone amounted 


Frankfort, Mich.,. and Wis. Since that time this method of 


transportation has increased until there are three lines operating on Lake 
= one on the Straits of Mackinac, three across Detroit River, between 
- Detroit and Windsor, Ont., Canada, one each on Lakes Erie and ‘Ontario, 
one across the St. Lawrence River at Ogdensburg. These ten lines 


car-ferries, except those on Lake Erie, ‘operate during the entire year, 
on: Lake Erie being made as traffic demands. During the calendar year 1935, 

4 ‘ear- car-ferry traffic on Lake Michigan amounted to more than 3 000 000 tons. “7 
_ A comparison of the traffic through the Suez, Panama, and St. egies Falls 


‘TABLE 5.—Trarric oF Masor AND Po RTs 


1928 1920 1932 
Short United | s short tons* United United | Short tons* Uni 


31905902| .. | 33466014) .. | 26049554) .. | 29021 354 
33 022 935 35 320308| |20334758| | 27746588 
86992907} | 92622017) | 20480873) | 48293 308 


19110000] 7 |11146000| 9 | 13396000 


60385000] 2 |10520000| 12 | 29185000 
19717000] 6 |10790000/ 10 | 19631000 


21006000} 
18 539000| 
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— —During 1937 rates on iron ore from the mines * the adie al iat E 
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~ Rail to Duluth- Superior and Two Harbors 
ane at dock 
Carriage by vessel to Lake Erie ports and 


‘Rail to > Youngstown, Ohio. 
a3 _ Adding the terminal charges to the water haul gives $0. 98 from port to port 3 


4 


rates vary y throughout the season, upon ‘the 

- movement and competition for cargoes. . The 1936 rates from Duluth- Superior 
to Buffalo fluctuated between 1.75 cents and 3 cents per bushel. Canadian 
b grain Tates from wind William fluctuated between 3. 5 cents and 5 cents to 


ails The total expenditures for new work by the War eben on ie dite 
a nels, canals, and harbors of the Great Lakes to June 30, 1937, is $193 573 686. 83. 
It has been estimated by engineers outside the Government 


, savings in freight charges due to water transportation on the Great Lakes are 


> 


considerably ii in of $200 per yr. w 

; the existing system 0 of industry and transportation which has been built up 


- around water carriage on the Great Lakes in the last century i is the result of the 
_ co-operative efforts of the Federal Government, the railroad companies, indus-_ 
tries, municipalities, and vessel owners and operators during that entire period. a 
In each decade the facilities provided for navigation and at the terminals on 
_ have been reasonably adequate for the number and class of vessels i inthe Lake 
- trade and for the tonnage moved. _ They have never been. overbuilt; no nor 
a money been spent extravagantly far of requirements. ‘As one examines 


q loadings when the rate jumped as high as 35 cents. ol 


> 


‘ been obtained by the application of basa engineering practice and sound busi- 


§ ness judgment, and by planning for the future only as far as definite benefits 
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ve THOMSON ON TRANSPORTATION 


KENNARD 4 Soc. C. E. (by letter) —The French 
“then the English managed | to reach Lewiston a and Queenston, | on the Niagara — 
- River, by water transportation with a few land portages, between Montreal — 
Lake Ontario (St. Lawrence River), 
‘They encountered the first formidable portage, a ¢limb of more than 300 ft 
"og and a land haul of about 30 miles, from Lewiston to near Buffalo. _ This afforded — 
aa - the main route for trade (chiefly with Indians) until the Canadians constructed 
Welland Canal. The construction of the Erie Canal was due to the 
b a = and “unselfish efforts of De Witt Clinton (1769-1828) who contributed 
a rf. his time and money without stint. No one else did nearly as much for the 7. 
project. He started tl the construction of th the Canal i in 1817, and completed it 
_ The Erie Canal, as then built, was 4 ft deep, 40 ft wide, and was used by | ¢ 
Seale of from 30 to 70 tons. By 1825 it had earned its entire cost of $7 143 789, a i 
and, at the same time, greatly reduced the freight rates, thereby enormously — / 
increasing the population and wealth of the State. By 1862 the Canal had 
been deepened to 7 ft for boats of 240 tons. The enlargements from 1837 to By. | 
1862 cost $31 834041. Work was started to increase the depth to 9 ft, butit | 
The cost to 1899 was $48000000. In 1881 all tolls on the Canal were 
abolished. | Prior to that time the net revenue had exceeded all costs by 
$42 000 000. _ The Barge Canal was started in 1904 and completed to a 
_ _ depth o of 12 ft in 1918, at a cost of $170000000. Prior to 1908 the revenue 
-- from the Canal had been about $360 000 000, or $20 000 000 more than the 
‘Under the heading, “Shipping: New York State Barge Canal- Boats, 
_ General Tyler states that “because of the peculiar physical conditions to be — 
distinct type of boat has been developed.” The writer presumes that 
_ he refers to the limited height under the bridges, which make it a ‘ ‘Barge 
ae The reason for changing ‘the Erie Canal to a “Barge Canal” 


against ; the proposed enlargement, if pass the Canal 
without being unloaded and loaded at Buffalo and New York. Hence a> 
4 “Barge Canal” was constructed, with fixed bridges that make it it impossible 


for any boat standing 15.5 ft above the ‘surface of the water to } pass ‘under 


a Another mistake ‘made o on the Barge Canal w: was in not ‘relocating the 
tine near Rome, N. Y., so that it would be unnecessary for all boats from 
é Buffalo t to “lock up” about 50 ft, before “locking down” again. As it ‘is, re 


water from Lake Erie cannot reach the Hudson River, and it ' was ‘necessary 
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7 = such a ship ‘canal would cost $650 000000. As the Americans can use 


| q Lake Erie, just: outside the Government breakwater, for a great railroad — 
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lakes, by at t Delta, Y,, Mn N. 


could reach the Great Lakes. P Before the depression (1930) i it was estimated 


from the Hudson River to near Oswego, N. Y., on Lake Ontario. ER YT 
General Tyler states that the entrance to Buffalo Creek was improved i in 

1826, and that the Government breakwater in front of Buffalo Creek was 

constructed in 1869 (see heading, “Channels and Harbors,” 


and (7)).. . As Buffalo still has a very inadequate harbor, the writer has, 
for many years, been advocating the reclamation of from 6 to 10 sq miles from a 


te new Canadian Welland Canal—the best route for the ship canal would be 


As Buffalo will eventually ‘extend from Lake Erie to Lake Ontario, it it will 
have two ports for ocean- -going vessels, one at Elevation 242, and the 
aan. As the author states (see heading, ' “Channels and Harbors”), the enlarge- ig DG 
the Welland Canal, with a depth of 25 ft of water was completed i 
1932. Many wonder why this well-constructed canal was built to such a 
- depth before the St. Lawrence River was developed, when boats drawing less’ 
than one-half that depth of water could not reach Lake Ontario from Montreal, 
os could not enter many of the Lake ports. Rome say that it was due to | 
As stated in the paper, the important b commerce 0 over the Barge Canal now | 
3 consists of coal, ores, wheat, etc. In the earlier days it was mostly for Indian — 
_ trade which was for many years controlled by the Great Hudson Bay Company. 
ti is now claimed that ores can be delivered in New York Harbor, via the — i 
Lakes and the Barge Canal, at a smaller freight charge ‘than they can be 
se ‘The indispensable test of all construction should be the question: “Will it 
pay?’ ’ The only way in which this condition can be met in developing the 
navigation facilities of the St. Lawrence River, to permit ocean-going vessels 
4 to reach Lake Superior, will be by developing | the water power of the — 
a For tw enty-seven years, the writer has been advocating, a aa (Niagara, 


> 


or below the Whirlpool.® about the same time, he has also been advo- 
eating the reclamation of about 10° sq ‘miles from the St. Lawrence River, 
between Lachine and Montreal » Que., Canada, and the ‘development of 1 500 0.000 


o~ Niagara an and St. Lawrence Rivers, ers, bringing great financial prosperity to a 


to supply water foi 
aa many years there has been talk about constructing & Ship canal _ ee: — 
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the entire ‘continent of North America and benefitting many other parts of 


-Hartanp C. Woops,’ M. Am. Soc. connection 
4 with this paper, it is of interest to note ale a dev whims in bulk freighters — 
if have influenced the design of locks at Sault Ste. Marie, Mich. In the early 


rs were general cargo ships suitable for navigating the rela- at 
an shallow connecting channels of the central Great Lakes. With : the 
development of the ore, ‘grain, coal, and limestone traffic, the bulk freight 
carriers were gradually At first, the dimensions of vessels were grad- & 
2 ually increased in conventional ocean-going craft proportions. As. the bulk 
_ freighter type of vessel emerged, widths were limited by the distance from the 
face of the dock within which it has been found economically practicable for 
the unloading machines to operate . This has been found to be less than 70 ft. 


:, Structural strength of the vessel limits the depth of hull proportionally to the | 


a Ps 4 
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width. . For large vessels the maximum has been found to be about 32 ft. 
- With width and depth defined, the length of vessels has been limited by struc- 
tural requirements and practical thickness of deck plates to about 600 ft to. 
- 4 enable a fully loaded vessel to “‘ride out”’ Great Lakes storms safely. __ a8 
, _ The grain and ore movement involves passage through the St. Marys 
River and the locks at Sault Ste. Marie. _ As vessels increased in size, larger 
locks were built. “Fig. 2 indicates, chronologically, the parallel development of 
_ vessels and locks. Experience has shown that the lockage of more than oni 
vessel at a time is most expeditious and safe if vessels are tied stem to stem 
in the lock rather than side by side. . Hence, the latest locks built are slightly | 
wider than the maximum width of vessel and long enough to accommodate 
two of them. © ‘Until new developments in trade, vessels, and cargo handling — 
- equipment: appear, there is little prospect of changes in dimensions of vessels 


 W.L. R. Haves, M. Am. Soc. C. E. (by letter).—An able and concise 
presentation of an historical and statistical review on 

= Lakes has been presented by General Tyler. 9 

“eh One factor contributing very largely to the efficient sand economical 
4 ment of freight: transportation—particularly of ore and coal—on the Lakes is 
~ deservi ring of special emphasis; that is, the great flexibility of the transportation 7 
system, combining water haul with rail haul. This is made possible by the [| 
development of numerous transhipping dude along the southern shore of | 
= Erie, by the ra railroads. Such facilities offer | ‘ shippers a wide range of 
- choice as to rail routes between Lake Erie and the consuming or producing | 
districts. _ They make it possible to divert vessels or cars from one transhipping _ 
® dock to another in order to avoid delays to vessels which ‘might result from | 
congestion or break-down of facilities ata givendock, 
_ Those interested in the location and ownership of these docks are referred 
to: a report prepared by the Board of Engineers for Rivers and Harbors in 1937. 


* Special Engr., Office of Vice-Pres. P. R. R., Pittsburgh, Pa. 
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Fig, 2.—CHRONOLOGICAL DEVELOPMENT IN or LAKE BULK 
«AND Locks at Sauvt Ste. Magiz, MicH. 
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on — ON GREAT LAKES TRANSPORTATION 


sal For many years there has been agitation for the construction, by the 
_ Federal | Government, of a canal | between Lake Erie and the ¢ Ohio River, the 
_ most favored route being from a point n near Ashtabula, Ohio, by way r of Youngs- 
4 - town, Ohio, and the Beaver River to a point near Beaver, Pa. The cost of ay. 
< constructing this canal has been estimated by the Government engineers at . 
about 203 million ‘dollars. . This sum, however, does not include facilities and “ 
- equipment for operating and maintaining: traffic on the canal; nor does it 
4 include tl the entire cost of rearranging railroad bridges a and tracks made necessary 
by its construction. Experienced engineers: have estimated that the total 
cost would be about 281 
The principal purpose of the canal would be the transportation, in barges, 4 
- of ore from Lake Erie and of coal from the Ohio River. - This tonnage i is now 3 
carried by the railroads and would be diverted from them. One effect — 


_ would result would be an impairment of the flexibility of operations | on the 
Great Lakes, and of the service of the railroads, wal 
It is inconceivable that the railroads could afford to maintain » all of the 
_ transhipping docks now in existence. Those at Ashtabula Harbor and Fairport — 
: _ Harbor, Ohio, would almost certainly be abandoned, because of the diversion M4 
_ of tonnage to the canal. In the opinion of experienced railroad men in ae 
to judge accurately, 17 ore unloaders, 3 ore docks with | supporting storage, 


4 4 coal unloaders, and possibly 1 grain elevator and 1 warehouse at Lake Erie a: 


_ these facilities, the opportunity f for = of vessels from one dock to another 


- ports would be abandoned for the same reason. With the abandonment of - 


i _ Another important factor aiding in the expeditious movement of ore and | 
d in Lake transport is the and Coal Exchange. Mr. E. A. Burslem, 
Examiner, Interstate Commerce Commission, states” that this is: 


} «& * * 9 central agency established and maintained by the railroads with 


4 their individual rights as to operation, dealing with shippers, and 


customary practices of the individual railroads * * *. The expenses of 
the Exchange are borne by the railroads ot oe The Exchange is for | 
the purpose “of providing the best possible services to lake shippers; to 4 
furnish information as to coal at the ports, in transit, and the operation — 
4 of coal machines at the docks; to supervise the supply, movement, routing, — 
.. and delivery of ore to the furnaces; to establish contacts between railroads, — 
hee shippers and lake vessel owners; and to furnish such other services | 
_ as would facilitate the movement of coal and ore, thereby reducing the | 
detention of cars, iierensing the car supply, and adding to the at 


@) to receive reports from all docks west of Buffalo of coal at the ports Lape 


the number of cars of coal in transit and due in the ports in the following _ 
report Commerce Commiason Dodket No. 
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x 
-42-hr, 24-hr, 36-hr, and 48-hr periods for transhipper or. wi 
_ the number of cars in each consignment; (3) to issue daily reports ane 5 
- the quantity of of coal at each dock, the > quantity in n transit, previous day’s — qq 
nt of 
various vessels unloading at the Lake Erie ports which are named for 
: — loading, and to ascertain the time the boats will be unloaded and ready to sail, 7 *s a 
go that the dock at which the vessel will receive its lake-coal cargo will be : 
% ; advised of the time of the vessel’s probable arrival in order to get coal to Se =f 
docks and not delay the loading of the vessels; and (5) to receive orders from 2 
-transhippers for loading coal into o vessels named by the transhippers, and to | 
transmit such information to the docks. The Exchange keeps all interested 
_lake-coal shippers, transhippers or consignees, and carriers 3 informed as to the 


the unloading oe cars ars and the ne dispatching of 


a docks loaded with ore. Thus the speed of “turn-around” i is affected 


: by both the unloading and loading time. The provision, , by the railroads, . 


I Bi — storage for enormous quantities of ore makes it possible to discharge 


ore cargoes even if there is not immediate demand for shipment to the is 
_ Furthermore, this ground-storage makes possible the shipment 
ore to the furnaces as it is needed after the close of the Lake season. ere Rie 
The reduction of the average stay of i iron-ore carriers at Lower Lake ports 


. largely due to the capacity and efficiency of the « docks owned by the railroads, . 
- the efficient service of the railroads themselves, and the service of the ‘Ore i 
and Coal Exchange, ‘maintained by and at the expense of the railroads. 
The writer objects to the implication which might arise from the comparison _ 

of Lake rates and rail rates on ore, given by the author. The statement is 

made that the “water haul’’ is $0.98 per gross ton from port to port as tne 

p% i .96 for the two rail hauls (that i is, from the mines to the Lake and from the 


‘pane might | be drawn that rail rates were excessive. is Such a comparison 

~The author states (see “Cost and Savings”) that the total expendituresfor 

new work by the War Department on the channels, canals, and harbors of 


the Great Lakes to June 30, 1937, were $193 573 573 686. _.. Ih addition t to this, 


4 of $66 940 948 for maintenance and of $174 061 “not distributed” —a total = 4 

Pe of $67 115 009 for the five Lake engineer districts (that i is, Chicago, ‘Milwaukee, a s 

a Duluth, Detroit, and Buffalo) to the same date. . Thus the total expenditure a 

_ amounts to $260 688 696, making an annual interest charge, at 5%, - 4 
$13 034 435. During the decade 1926 to 1935 the average annual commerce ae 

: of the United States Great Lake ports is stated by the author to have been 

837 300 short tons (see “Freight a and Passenger Traffic”), The resulting 


f 
| 
— 
ie 
ce — 
is 
d — 
3 1 = 
ake tO destination) for ore delivered at Fittsbur 
or = 
a 
Be 
of 
g 
ns 
nd 
ng 
.—l 


, iM Reducing the anges per gross | ton given by the author to terms of short 7 


tons, and p tnonal to the water haul the cost (borne by the taxpayers) per 
short ton resulting from Government expenditures, gives the following: “ 


out} ‘ 


may be assumed ‘that the sums as spent for new work and for 


- maintenance are actual costs, without any addition for interest . Had interest 


been added to actual expenditures from year to year and the resulting totals’ me 
carried forward to show the total cost to any given date, the charges would | 
There should also be added the costs to the Government incurred by the — 
UU -§. Lake Survey, the U. S. Bureau of Lighthouses, the U. S. Coast Guard, 2 


and by the U. S. Weather Bureau in its operation of storm-warning stations 
~ and forecasts for the Lakes region, especially applicable to navigation. — These 
services are all mentioned by the author, but without including any costs. 


It is the opinion of the writer that it is scarcely proper to combine the two 
"rail hauls; that is, from the mines to the Lakes and from the Lakes to destination 4 


in the manner done by the author. These two steps are performed under — 


The Board of Engineers, cited previously,® called particula? attention to 


the contribution of railroads in the rapid development of the various ore 


_ ranges (or mines). UA special type of carrier was developed in order to handle — 


from mine to vessel economically and with the greatest dispatch. i ~The 
fact that there is a wide divergence in the chemical constituents of ores makes % 
sampling and mixing necessary in order er create & a certain  Further- 


- ~ dail content to be always within a small fraction of 1% of the analysis 


on which it was sold. All of these factors, according to the Board, “do not 
allow much flexibility in the rail transportation of ore. “ah 3 


‘The special equipment provided, and the complexity of movement from 


7 sideration in ‘any rail rates The movement of ore e from the 
_ lower Lake Erie ports to the m mills is less complicated. - Special equipment Be 


at 


not required, but the movement is through a ‘more congested district, and 


‘requires close supervision by the railroads to insure prompt delivery to the Li 


 -‘Theo operations s of blast furnaces r require specific mixes of ore which must be : 
“4h met by shipment of the grades of ore as needed. Many of the mills have little 


or no storage space must depend upon shipments to meet day- 
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Pe fq he maintenance and operation of the facilities required for the ‘vienna 
of a cargo from Lake Erie to its destination are all items of expense in addition 
¥ to the “line haul cost’’ itself, but they are included in the rate charged. On 
the other hand, the vessel movement from port to port is a comparatively 
simple one. Once the cargo is loaded, the vessel makes a continuous voyage 
- to its destination, carrying, in some instances, nearly 15 000 gross tons is of ore. 
For the years 1928 to 1936, inclusive, the average cargo was 9 331 tons, “oy 
the average maximum cargo 13489 toms. 
LS Data are not available to the writer to show the total expenditures by the b 
- railroads in. providing transhipping facilities. However, the report of Mr. 
- Burslem? shows an Interstate Commerce Commission valuation of the coal- tS 
ae facilities alone, as of December 31, 1935, with depreciation allowed,- 
re than $13 000 000. To this sum should be added the value 2 
of the ore-wnilonding facilities, of the ore-storage areas, and of the supporting 
_ ‘The writer does not take any issue with the “Conclusion” stated by do 
He merely wishes to emphasize the part played by the railroads in 
of Lake transportation, to indicate certain “ “hidden 


tothe publicof Lakeorrailtransportation, 


C. Sasi; uM. Am. Soc. C. E. (by letter) —The co-ordination of effort 
mp United States, the shipping interests, and the railroads to build up a 
most efficient system is emphasized in this paper. Not since the ‘Annual 
_ Presidential Address" of the late Alfred Noble, Past- President, ‘Am. Soc. C. E., = 
in 1903 has the subject been covered with such thoroughness and understanding. — 
- Little comment remains to be made, and that t only t to emphasize some details 
_ The author defines the value of water transportation in times of emergency. 
_ Even in the French and Indian Wars and in the struggle of 1812, before a 
improvements had been made, the waterway served a military purpose. 
_ the Civil War the supplies for armament were made available by water service, — == a 
_ whereas in the World WwW ar a stoppage of the flow of commerce on the Great e 
* Lakes, involving food as well as raw materials for munitions, would have been — j 
_ most serious. The comparative isolation now enjoyed by the system is not on 
without its value as a feature of defense in future possible emergency. fade ao 7 
Bearing i in mind the contribution of this system of transport, attention may 
. ra called to the fact that the expenditure of the United States in improving _ 
_ channels and harbors—less than 200 million dollars—is equal to the cost of _ 
only three battleships; and, while it is held in readiness « during p peace time, for 
service in emergency, the system is is ‘returning annually in savings the full ¢ cost 
' ‘The: author 1 mentions the practice, followed in channel improvement, of 
a keeping the up-bound and down-bound channels separate wherever possible. 7 


4 Vice-Pres., Lake Carriers’ Assoc., Cleveland, Ohio. O08 & lo 
Transactions, Am. Soe. C. E., va. L, June (1903), p. 327. 
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ON GREAT LAKES ‘TRANSPORTATION 


ee ae Huron the Lake Carriers’ Association has designated separate lanes for ro 


resulted in reducing the chances of collision. alt 
_The lengths of the sailing courses from Duluth and Chicago to Buffalo 
986 miles and 893 miles, respectively. Deep-water navigation extends to 
- Ogdensburg, | N. > i ‘and Prescott, Ont., Canada, on the St. Lawrence River, 4 
adding 230 miles to these The improved reaches i in the 
=i Readiness of the ship operators to co-operate with the United States is sshown 
by the fact that, as the progressed, vessels were built to take full 


a were no cargoes 5000 tons. Nine years later there were 191 
“a Vessels oe carried more than 5 000 tons, and cargoes of 12 000 tons were being 


cargo, whereas subsequently, cargoes of 17 000 tons were carried. 
_ The U. fm Lighthouse Service has contributed generously to the safety of — 


adie. id 7 here are also in operation 41 radio-beacon stations at important é 
- points, and all vessels enrolled in the Lake Carriers’ Association are equipped __ 
with radio direction finders, the most important recent contribution to safe 

Radio telephones are in use on 80 United States vessels and 50 of Canadian f 


= register. _ These have proved so satisfactory as a means of communication from 
a ship to shore and ship to ship that their general use seems only a matter of time. rie 

_ The U. S. Lighthouse Service in co-operation with the U. 8S. Weather Bureau, a 

4 U. 8. Coast Guard, and U. S. Hydrographic Office broadcasts 


; 4 regarding weather and other matters affecting navigation; and the U. Ss. Coas 
_ Guard Service contemplates full co-operation through supplying radio equip- oi 
ment to a large number of life-saving stations on shore. 
In the further interest of safe navigation load lines are marked on all ships * 
sll limiting the depth to which they may be submerged. In channels of limited — 
4 depth current drafts are recommended by the Lake Carriers’ Association ace 
= cording to the progress of dredging and the prevailing water level §8 
Among the ports on the Great Lakes there are 18 having an annual traffic in 
{ ; excess of 3 million tons. _ On the Atlantic Coast there are 13 such harbors, and 7 
on the. Pacific. The | net total United States Commerce of the Great dies, it 
excluding that pertaining only to Canada, has averaged 117 million tons 4 
annually for the ten years 1928-1937. The foreign commerce of allo ocean and 


a 


= 


_ statement that during the seasons of navigation covered by the six years fas 


a 1924 to 1929 29 ships passed | Detroit on the average of on of outs every 12 — an 
average ‘cargo rgo of 3 300 
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ay transport, exclusive of is 71.4 cents per ton. ‘The of 
. haul varies from 280 miles (a small tonnage from Escanaba to the south end of 
a Lake Michigan) to 986 miles (Duluth to Buffalo) with an average of about 800 J 
miles. The ton-mile rate is thus about 0.9 mill 
sar On coal from Lake Erie to Duluth the rate is s 45 cents per net ton for 800 
is ‘miles, which gives a ton-mile rate of 0.56 mill. _ The rate to Milwaukee on — 
_ Michigan is 55 cents (a trifle higher than Lake Erie to Duluth because of lack of 


_ Lake Erie to near- -by ports ¢ carry ah 


freight, is given as 1.07 mills per ton-mile. This low cost ‘of is 
not found in any other large transportation system. 
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_ TESTS ON BUILT- UP COLUMNS OF STRUCTURAL 
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BY MARSHALL Assoc. M. AM. ‘Soc. C. 
Discussion ‘BY “Mrssns. ALFRED 8. AND Hour, a 
‘Results from tests on ‘fifteen’ built-u -up column specimens of structural 
— aluminum alloys and on two of structural steel are presented in this paper. — i 


The investigation was a study of the effect of the shape | of section on the 
~ strength of built-up columns. All specimens had maximum slenderness ratios * 
7 oof about 40 and cross-section areas of 7 or 8 sq in. Strains and deflections were — 
measured under various loading conditions. In the range of working loads the - 
_ shape of the cross-section has no significant effect on the ratio of the measured — 
_ to computed deflections of the axis of the specimen nor on the magnitude of the 
_ transverse shear indicated by the lacing-bar stresses. ei The shape of the « ‘Cross- = 
section has a significant effect on the ratio of the measured to computed stresses, 4 
a the local deflections under higher loads, and on the type of failure, whether vi, ; 
é ‘4 buckling of a component part or by bending as a unit. Short built-up columns . 
of high-strength aluminum alloys are likely to fail by local buckling at average 
- stresses less than the yield strength of the ) material when the walee-to-Saan 


 width- to- thickness ratio of the cover- -plates exceeds about 40. 


Invropucrion 


ahs ‘Structural designers are always confronted with the problem of determining — 
4 the strength of compression members. These members may | be : single units — 

(structural shapes), or they may be built-up of a number of such shapes. ee | 
- Considerable work, both analytical and experimental, has been done in ie 

: study of | the uenathe of columns. It has been established that the strength 4 

_ of the member as a column is affected by its stiffness and the compactness re a, a 

‘ the c cross- -section, as well as by the strength of the material. Columns acted 

-4 upon by a: axially, applied loads might fail at stresses considerably less than the 


Nore. —Published i in November, 1938, Proceedings, 


EI 
F 
| 
a 
4 a 
4 
4 
= 
t 
q = 
— 
— 
Se 


TESTS ON ALUMINUM, 
s ‘yield strength of th f the material by sidewise bending because of lateral instability — 
of the member as a whole, or by twisting or buckling of a component part be- — 
cause the parts themselves are not sufficiently rigid. The solution of the 
problem then lies in knowing not only the fundamental behavior of columns, 


ae: also the effects of the shape and proportions ae the | cross-section of the 


eh The ‘results of many tests on steel columns ¢ can be found i in the technical 


“acquire information for the establishment of a set of ‘specifications for the Re 
structural use of the high-strength aluminum alloys. = ts 
Notation —The letter symbols used in this paper are » defined where they first 
appear and are assembled f for reference in the Appendix. 


- section. “a Each of the s specimens had a greatest slenderness ratio of about 40 

ay: an area of 7 or 8 
Table: 1 contains a description \ of the specimens. — 

wee given a number (Column (8), Table 1) by penvery of which specimens | for 

determining the mechanical properties of the materials were identified. _ The 

weight of the details, such as_ rivets, lacing-bars, and batten- plates, is the — 

- difference i in the weight « of the complete sp specimen and that of the main members _ 

before the rivet holes were punched. The length was determined after the ends dy ; 
a been carefully 1 machined by turning the specimen on centers in a lathe. x 

_ The gro gross area was calculated from the weight and length of short pieces ces and the a 

nominal specific gravity of the material, 2.79 for Items Nos. 17S and 258, _ é 
and 7.85 for steel. The aluminum alloys were in the heat-treated condition. eS 
ty Ne: 

‘The radii of gyration were e computed on the assumption of unified action of the | 

‘main members. The slenderness ratios of the specimens as a whole are —_ " 
for for the two principal axes, as is the slenderness ratio of the segments, which is — 
x the distance between two adjacent rivets divided by the radius of gyration és ot 
the part (see Columns (17), (18), and (19), Table1), | 


) In order to emphasize the effect of the shape of the cross-section and to ob- 
tain a — area of cross-section, the component parts used in some of these a 


_ The mechanical properties of the iaiien in tention are § given. in Table 2. = 
The tests were made on A. S. T. M. (American Society for Testing Materials) 
standard tensile specimens having a rectangular section and a width of 0.5 in. a 
:1 The stress-strain relations of the aluminum alloys were determined with o 
4 mirror-type extensometer, using a 2-in. gage length, whereas a modified 
of the bell-crank type of extensometer was used with the steel. 
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of high-strength a The other two specimens size and shape of the cross- ‘ 
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TESTS ON ALUMINUM ‘COLUMNS 
art The mechanical sisi s of the materials in. compression are olathe given in 
- Table 2. The tests were made on short sections of the pieces having slenderness _ 
ratios of 10. The stress-strain relations were determined by measuring the 5 
relative movement of the heads of the testing machine with two dial-gages 


CoMPRESSIVE PROPERTIES, IN 


Percentage 


No.* 
Ultimate| Yield in 2 inches |} Ultimate| Yield _ | Propor 


—@) | @ | 6 


59 670 300 
57 040 38 
55 080 


145 


ig 


* See Table 1. + Specimen taken parallel to direction of rolling. Specimen taken across direction of 

rolling. § For aluminum alloys, at 0.2% set; and, for steel, at 0. 45% set. || Broke through the gage point. oe «4 


should be borne in mind that the alloys, like 


netals and some high-strength steels, « do not have a definite point of yielding | 


column tests were made in a testing machine of the type, 


having a maximum capacity of 300 000 lb, and intermediate load-ranges. The ef 
§- was applied to the ends of the specimens ame the various loading condi- - 
end (Fig. 1(a)) were e obtained by the on 
g heads of the testing machine. 
Mele consisting of a bearing plate supported by a single knife-edge. 
specimens were thus allowed to deflect freely normal to the plane of the ee 
_ edges, but were restrained with the condition of flat ends in the plane of the - 
The specimens were carefully centered in an attempt to make the 


‘wa 
4 | 24000 J 0 A 38 710 20 000 
alg | sce | 38000 | | | 000 | 24000 
57 020 39 000 = 39 870 24 000 
146! 63 040 900 28 000 48 5 140 40 660 34 28 000 = 
161 33400 | 2 000 20.5 f 158 300° & 
$4960 | 3% 36 000 | 48040 | 42600 24.000 
400 36 300 1 31100 | 37 33650 | 33500 84 000 
— 
— 
| 
b4 
4 
| — — 


ub 


*. a placing the | Specimen off center the same distance at each end and in the 


‘same direction. The eccentricity, e, is is defined as as the distance between the 


- tricity ratio, , were between about 0. 4 and ( 0. 6. In computing these valuta 


of sitet ratio, the value of Mey distance from the neutral axis 5 to the point 
_ where the stress is desired, was taken as the ¢ distance to the extreme fiber and k . 


ri 
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ic ‘Wie. 1.—EnpD ConpiTIons FOR Loapine CoL_umns 


directions at two ends. The is defined the distance 


between the axis of the column at the ends and the plane of the knife-edges. 


The e values | of obliquity ratio, =~, were between about 0.4 and 0. 


2 4 Some tests were made with the specimen off center each way from the plane ae 
of the knife-edges. — In some cases, the knife- edges were ere parallel, in turn, to othe — 
two principal axes of the cross-section of the specimen. All specimens were. 
~ loaded to failure with the condition of flat ends, as shown in Fig. l(a). 
ae - Strains were measured on several gage lines on the main members using 2% o 
a 2 -in. strain-gage. The lines were placed to show the distribution of stress ry 
(strain) in the members not only around the section but also along the length of — 
-3% the specimen. Tensometers (1l-in. gage length) were used in measuring a 
on both sides of the Jacing-bars and on rosettes (gage lines intersecting at a 


<a at mei center of the sonaorene were e measured by the use of fine 


a a, 
— 
— fe 
q 
ig 
a 
] 
— 
— 2 
ae 
4 ia 
— 
— 
> 
4 


— in. ) mounted on mirrors which, in turn, were moun don the specimen. 
te addition to the measurements at the center, the deflections in the direction 


3 bending were measured at the the quarter- points in some of the tests using ec- 


: Tb per sq in. for steel. - Only a very small part of all the data accumulated in 
these tests are . presented herein. — Fig. 2 gives the load-deflection data from the | 

. flat end tests; Fig. 3 gives typical eccentricity-deflection data from the eccentric 7 

load tests; and Fig. 4 gives: typical transverse shear-obliquity | data from the ~ 
“oblique load tests. _ The cu curves indicated by the stress in Bars 20 and 32 are > 
shown as br broken oken lines, a: and the curve indicated by the stress in n all mls is shown 7 


In the stresses are slightly then de 

obtained by the following | equations: 


Fors axial loads, 


pw 
s = computed yy stress, in | pounds per square inch; P a load, 
in pore A = cross-section area of main members, in square inches; E = pon 
- modulus of elasticity of the material, in pounds per square inch; and L = 
in inches. The » agreement was improved when added precautions were taken 
4 “to: avoid the effects of temperature variations on the measured strains. __ fe 
the case of | low axial loads, there seems | to be no significant tendency for 


: cates are found, of course, » on the same ‘side of the specimen at all 
sections and the variation along the length of the spec specimen is not pent, wee 


— 
be a 
— 
alues of modulus 
— 
* 

— 

7 
| 
| 
| 
| type. For higher loads, however, there is a decide 
the specimens with thin outstanding plates to have a 
| the stress distribution. These same remarks can be made e ca 
ideri variation of stresses on gage 
eentrie and oblique loads when considering the v 
i h distance from the neutral axis. | 
| ___ lines the same distance from the neutral a3 ipnificant variation of stress at the 
For the case of axial loads. there is no s — 
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‘TESTS On ALUMINUM COLUMNS 


oblique. loads there is a a systematic var variation of stress ress along the length of t he ay 
_ Member. — At one end the greater stresses are on one side of the section and at e 
_ the other end the greater stresses are on the other side. The stresses at the 


in Inches 


Center, 


& 


x toad=108000 Pounds 


a 
= 
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~ 242016 12 8 4 0 4 8 12 16 20 _ J, 0.5 
Eccentricity, e,, in Hundredihs of an Inch Obliquity, 


“AND Eccenraicrry, é1, 4A1P- IN Lactne- Bar (2C-2) 


j ein ECTIONS WITH FLAt- END Conpr 


relations between the load and the measured at the center, 
4 _ when the specimens were tested as columns with flat ends, are shown in Fig. 2. _ 
These curves show v that the twisting of the specimen or the bending of an out- — 
standing: part was 1 more significant, in many cases, , than the deflection of the 4 
 axisof thespecimen. It was noted that the shape of the edge of the outstanding 
Plate of Specimen 2A] 2A1P-1 changed from double curvature (8-curve) to single 
curvature (C- -curve) ai at a load of about 95 000 Ib. This. change i in shape wa: 
’ accompanied by noticeable twisting. Specimen 2A1P-2 showed this same type 
¢ of a action. It is reasonable to believe that the deflections of the outstanding» 
A legs. of the angles of Specimen 2A1P-3 produced a condition of instability that — 
_ influenced the strength of the member. _ The twisting of the pairs of angles ne 


= 


a of the axis of the : specimen; that i is, the twisting introduced eccentricities of 
effects opposite to those of the initial ‘ eccentricit; 


—— 


| 

— 

— a 
it 

f 

x 
q 


“(Accidental eccentricity” is as that 

must have occurred, including the effects of crookedness of the member, fabri- “a 
cation defects, etc., as well as the error in the location « of the point of application ae. 
_of the load.) - Specimen 2C-3 also gave a queer curve for the deflections of the __ i aa 

north and south sides, which was probably produced by erratic action of the | “Se x 

e. lacing-bar joints. — The sudden breaks in the curves of f Specimen 2C1P-2 : are 

probably a result of the buckling of the | plate. 

eo Analyses of load-deflection data have been developed by Professors W. 


and John and Professor R. R. v. Southwell, ‘ which the eccen- 


. ny There « are only a few of these specimens in which the action of the” — 
component parts was sufficiently unified and free from twisting that ei * oa 4 
analyses might have been applied to the data. ‘dali 
me Values of accidental eccentricity can be obtained from these data as the ec- a 
vcentricity required to give a good agreement between the measured and com- a 
- puted values of deflection. Such values of accidental eccentricity are not ie 
“reliable because the measured deflections were e greatly influenced by the lack of Pia 
_ integral action of the specimen. They would be the upper limiting value of the a Be: 

accidental: eccentricity, however. Such values have been used subsequently 


herein in computing the strength of the members (see heading, “Computed 


Column Action and Tests to Failure’), 


wily The specimens with lacing and tie-plates : show a tendency 


ard large values of the eccentricity ratio, , resulting from accidental ec- 
nt For the other specimens, the shape of the section seems to have a 
no significant effect on the values of eccentricity ratio resulting from the acci- 


_ Thea: averages of the measured deftections for and eccentr 


1 
43 = some cases the measured deflection for positive eccentricity is quite different Pi 
| from the value for negative eccentricity. These differences are produced by — — 
"elton eccentricities of loading, the magnitude of which can be obtained | 4 
from curves showing the relation between the deflection and the intentional a 4 
eccentricity. In Fig. 3, which shows a typical eccentricity-deflection relation, 
= the accidental is that which to zero measured deflection. 


| 
— 
‘= 
is 
| determined. It is then possible to determine the fixation of the ends of the oe 
a 
9 é 
| 
4 

| 
on 
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“TESTS ON ‘COLUMNS 
eS] ‘specimens ¢ do not seem to be influenced by the shape of the section — There ewere 
a few cases in which the local bending of the component. parts was noticeable.” 
__ These local deflections were influenced by the shape of the section; for example, 
eM in the two T-shaped specimens (2A1P-1 and 2A1P-2), the measured values - 
on 2 show that the deflection was 3 accompanied by twisting about a longitudinal axis, e 


general, the ‘deflections measured a the quarter-points: were small. 
a Percentage variations from the computed values are quite large in some cases — 
ie but the differences between the measured and computed values for the aluminum 
. alloy specimens : are, in only one case, greater than 0.008 in. for av average stresses 
ae of 10 000 lb persqin. This case is the two-angle, star-shaped specimen (2A-1) 
for the condition in which the axis of bending i is across the tie-plates . Other- 
ow wise, the shape of the section seemed to have no ) significant effect on the die 
ve, of the measured and computed deflections of the axes of the specimens. In this 


case (Specimen 2A-1), the average of the measured values is about 2.5 dent as 


45a _ The computed values used in these comparisons were obtained as one-eighth — 

{ the value computed by Equation (2) for the specimen loaded with an eccentric- . 

ity equal in “magnitude to the obliquity. Although this formula does not i 

ie _ strictly apply to this type of loading, the error introduced is quite small. PRO Sea ri 

FEN. The twisting of the T-shaped specimens was again noticeable even for the <3 
low loads and did not change one hua a reversal in the direction of the 


It was found early in the investigation that the it was 


‘4 necessary to measure the stresses on both faces of the lacing-bars in order to - - 
he, a arrive at a satisfactory value of the load on the bar. In some cases the -maxi- be 


mum stress in a lacing-bar was more than three times the : average stress. 3. ‘With 
Be ; the specimens tested with the condition of flat ends or with eccentric loads, the 
fas _ stresses in the lacing-bars were rather small (less than 4 800 Ib per sq in. rea ‘ 


“average stresses, — , of 15 000 sq in. 1). The transverse shears indicated by 
the average of the  lacing- bar earner were equal to not more than two-thirds cone 
1% of the total longitudinal load. The transverse shear indicated by the 
highly stressed lacing-bar (Specimen 2C-1) was equal to about 1% of the load _ 
; ' when the specimen was tested as a column in with flat ends. These indicated — 
transverse shears were arrived at as the transverse load required to produce o 


es measured average stress in the lacing-bars, assuming that the bars support all ze 
x 


With the specimens tested with oblique loads, the : stresses in the lacing-bars eit 
are somewhat larger and indicate values of transverse shear (based on 


‘The typical data in n Fig. 4 show the relation between the indi- es 


— 
— — 
a 
a 
— eat 
— 
be 
— 
isi 
h 
the 
Th 
1.7 
i 
— 
tin 
— 0 
A 
a 
— er: 
tal 
— 
oul 
— 
— ve 
— 
— 
el: 
on 
— 
re 
— 
— at 
— 
al 
— 
q 
V 
— 


4 
on 


ESTS ON ALUMINUM COLUMNS 
‘cated shear and the ratio of obliquity to the length of the specimen. It should | 


poe noticed that the indicated shear, expressed as a percentage of the total load, 


+ iz, respectiv ely. 4 Iti is ‘shown i in Fig. 4 that the relation between the indicated 
an shear and the obliquity is a straight line, and that for individual al lacing-bars t 
there i is some indicated shear even for zero intentional obliquity. 


lighter at the ends have an indieated between 0.8 and 1. 
‘ times the transverse component of the load. The average stresses in the lacing © aa 
of the specimens with one cover-plate and one plane of lacing indicate | a trans- on a 


_verse shear on the lacing equal to about one-fourth the transverse component 3 


Some of the equations commonly used for estimating the shear in built-up -: 
q columns follow from analyses of the shape of the deflected structure. In gen- 4 
4 


eralizing and reducing the formulas, the value of the modulus of elasticity is 


taken as the initial modulus and the value of the average stress is taken as the © 7 Me 


¥ 


3 ultimate strength of the member.’ For use with structural steel (which has e a 
. very definite yield strength) this combination of values might be acceptable, 
but with the high-strength steels and non-ferrous metals which do not have such 4 
a definite point of yielding this is subject to criticism. An effective modulus of 
elasticity for strengths above the elastic stress range might be used in the 
generalization but the resulting formulas would be complicated considerably. nis: 
= _ Other equations in common use are based on analyses that consider the — 
: column as a beam and the shear load producing a bending stress equal to the | ‘aa 


e reduction in strength given by the slenderness-ratio term of the straight line or 
in Rankine formulas. When used to estimate the shear at failure, these analyses — 
‘ tate The data obtained on these specimens indicate that, for average ‘stresses 
é within the elastic range, the transverse shear on axially loaded columns is a 
* “constant percentage of the load on the specimen. In the case of Specimen 2C-1- 
- (with the highest indicated shear), the transverse shear at failure would be 
about 2 350 lb if the relation between shear and axial load were the same (1%) 


{ at failure as at working stresses. ¥ The average | stress in the most highly stressed 


_ lacing-bar would be 4 930 Ib per sq in., whereas the Euler column strength of the — 
bars j is 7 400 lb per sqin. Since the failure of the specimen (described subse- _ 
i — was accompanied by the buckling of the Jacing-bars, either the shear 
7 


was greater than 1% of the load or the bar was in effect an eccentrically loaded ie 


 —- & Rept. of Committee XV on Iron and Steel Structures, Bulletin No. 374, Am. Ry. Eng. Assoc., Febru- _ 
ary. 1935; see, also, ‘Rational Design of Steel D. H. Transactions, Am. Soc. C. E 


‘Structural Handbook,” by the late Milo Ketchum, ‘Hon. M. Am. Soe. C. E., 1924, 


— 
= 
the ends (4A-1 and 4A-2) indicate transverse shears between one-third and 
| 
4 
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TESTS” ON “ALUMINUM COLUMNS 


ee Ore column. Either explanation is is tenable. This shear of 2 350 Ib ee a of the 
transverse load of 330 lb per sq in. of cross-section of the main members. AR asa 
; though the results of this investigation do not definitely establish a value for limit 
the transverse load, they indicate that the value of 600 lb per sq in. of cross- type 
= section used in the old A. R. E. A. (American Railwa ay Engineering Association) “case 
_ pi! specifications for pin-ended columns is quite reasonable. These test data also — if I 
4 indicate that the shear on loaded ¢ columns should be occu 
than 1%: the amount on the: value of ratio, a 
Formutas FOR PREDICTING CouuMN STRENGTHS ine 

Before proceeding with the of the tests, a few % will be 

, interjected concerning formulas for predicting. the column strength and the , and 

‘ type of failure that might be expected. 
straight-line type formula i is commonly used for predicting the stren gth 

of columns that fail by the sidewise bending of the member as a unit. = the 


a 


in which s 8 = = column strength, in n pounds per ‘ square inch, corresponding to zero 
_ slenderness ratio. The range of slenderness ratios is limited for which this 


7 eaeation is applicable; but the value of C can be chosen so that the co mbination | 


: ness ratios. This combination of formulas has been found applicable to Se 


for stresses in columns, such Equation and that 


_ sidewise bending as a unit. The value of s in these equations is set equal to ‘is 
% the compressive s strength of the material and a v value of Load P P is ; determined — 
that satisfies the equation. . The solution is usually most easily obtained by et 
7 trial. It will be noticed that the value of the modulus of elasticity enters each 2 
J v of these equations, appearing i indirectly in Equation (5). _ This presents no 
particular problem in the case of structural steel, which has a definite yield — 


a - ptrength:; but for some of the high-strength steels and non-ferrous metals the 


” ‘Rational Design of Steel Columns,” wb. H. Young, Am. Soc. C. E., Vol. 101 (1936), 


evaluation of an 1 effective modulus of elasticity must be made. 
¢ 
4 Although Equations (1b), (4), and (5) can be used to predict the ultimate 7 ey 
aX] 
* _ strength of a column that fails by sidewise bending of the member as a unit, if Hh 
*“Column Strength of Various Aluminum Alloys,” Technical Paper No.1, Aluminum Research Labora- | 
§**On Struts,” by W. Ayrton and John Perry, The Engineer (London), December 10 ond 24, 1886, 
Vol. 62, Equation (22); also ‘Rational Design of Steel Columns,” by D H. Young, T ransactions, Am. Soc. = 
iz 
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as a local instability os Naturally, the arian of the member will “af 
“limited by the lowest of the strengths predicted by a consideration of all the 


types of failure that have been for some 


in wi which a = a coefficient that depends on the proportions of the plate and d the 

type of restraint along the edges of the plate; = = Poisson’s ratio; t = thickness; 
and b = width of plate. Values of Coefficient a for various loading conditions 
and: various conditions of the edges of the plate can be obtained from the refer- 

ence giving the equation. It should be borne in mind that this value of Ser iS 
the maximum avenge stress that can be developed in the plate and at which 
buckling occurs. The agreement between the critical s stress and the e average 
stress at which collapse « occurs will depend on the shape | and proportions of the 

entire cross-section of the column and the loading conditions of the member; 

that is, in the specimens of which the plate i is the principal part of the member, 
the a agreement between the critical stress and the average stress £ at failure fe 
be rather close, whereas for a specimen in which the plate is merely an append- i 
d age, the average s stress at final nal collapse of the entire member may be considerably 

- greater than the eritical stress at which the plate buckles. The aver erage ge stress 13 
i at the collapse of a specimen with round or pinned ends will probably agree very — 
well with the computed critical stress and, of course, , will hess than the test 

result for a similar specimen with restrained or fixed ends. 

_ Some cases of local buckling can be treated oattitianille by using a proper _ 
value of 8 in Equations (1b) and (5). These formulas as would those 


ved 


, 


ir Sindee in some part that is subject to local buckling. The warns of s sa 
is the compressive of that part and ¢ can probably be most 


Compurep: CoLumn AcTION AND Tests TO FAILURE 


Ls The computed strengtin 0 of the specimens and the types. of failure to be 


condition. In Column (4), Table 3, two values are for . 

JE 1 and 2C-2. The first value corresponds to the case of bending about the 

Z axis: of least computed stiffness and the second to the case of bending about the 

i) axis. of greatest computed stiffness. . The difference in the values of accidental | 

egg oy for the two directions makes this investigation of strength neces- 
sary. In calculations involving stresses above the elastic 


modulus of elasticity has been used.’ The effect 
iz 0 “Stren h of Materials, Part II,” by S. Timoshenko, Van Nostrand, 1930, p. 605; see, also, —— 


actions, Am. C. E., Vol. 94 (1930), p. 1009; and ‘Theory of Elastic o Beabiliey,” by 8. Timoshenko, 
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the case of wide thin nlates the critical stress, sr, at whic 
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TESTING 


“elastic range to the value of the tangent ‘modulus at the yield strength (0. 2% 
- set) and from this decreased value along another straight line to zero at the - , 

maximum stress. yon adT oni 08 pcr Te mort at 
column strength of the member ac acting a as a unit ras obtained by | the 
i straight-line formula, Equation (4), based on the properties of the material i in P 


on 


the specimen and also by Equation (5), using a value of accidental 
consistent with the data in Fig. 2. ¥ In these computations, the value of K was 
‘ - taken equal to 0.5 which assumes that the specimens acted as columns with 
ends. ‘For each specimen the critical strength based | on the local buckling 

: of the plates was obtained by Equation (6) using values of the coefficient = 


responding to two widely different conditions of edge support, namely, simply | 
supported edges and fixed edges. ‘The actual edge conditions usually provide 
some restraint, so the critical strength that can reasonably be expected can be — 
obtained by interpolation between these extreme values. The predicted type 


5 of failure is that corresponding to the lowest computed strength; whether by 


local buckling or by bending as a unit. The ‘maximum loads and column 
 aeaathe are for these specimens tested as columns with flat ends. In measly 
cases the type of failure was predicted correctly. Ina few cases the failure 
appears to be a combination of buckling and bending or of buckling of more 
: The strength of Specimen 2A-1 was computed on the basis of simple support 
a along the back of the plate. This seems reasonable because the four outstand-- 
_ ing legs are all equally subject to buckling with the resultant twists centering 
about the shear centers of the individual angles. This reasoning does not apply 
_ to Specimen 4A-3 (Fig. 5), because, although the four legs are all equally subject 
to buckling, the resultant twist must center about the heels of the individual — 
angles. _ Thus, the angles are stronger than similar angles, free to twist about 
their own shear centers. The outstanding plates of the other specimens are 
all restrained to a certain extent. _ The two values of computed critical stress — 
given in Table 3 are based on the two conditions of the back edge of the plate: 
- mentioned previously. | For those specimens with computed strengths in the 
plastic range the effect of the restraint at the edge of the plate is not so pro-— 
nounced as in the cases in which the strength is in the elastic range. . This ; 


e4 results io the fact that the effective modulus of —— varies with the © 


the load-deflection curve and the measured at the free 
is edge of the plate of Specimen 2A1P-1 indicates that the value of computed : 
fs critical stress corresponding to fixed edges is close to the average stress at which : 
(a buckling occurred, whereas + a similar study for Specimen 2A1P- -2 (Fig. ig. 5), 
i indicates that the value corresponding to fixed edges is much too great. The ian 
differences between the ultimate strengths and these computed er critical Istrengths 
should not be surprising in view of the definitions of terms and the oo aaell 
discussion of Equation (6). The ultimate strength of Specimen 2A1P-4 (Fig. 5) 
probably somewhat by the of ‘the plate. 
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of length to width. It is also seaiiiait for the inside (long) legs with a ratio sm 
_ of width to thickness of 16 and a length equal to the width. The range of < 


Load, P, in Thousands o 


= 


OF 2CiP-1, AN AVERAGE Fic. 7. —RELATION Between THE AND | 
oF 29 000 Pounps Per Squarz INcH Depts oF PLATE OF SPECIMEN 2C1 


‘deflection, curve in Fig. 2(a) at a stress of about 26 ( 000 Ib per sq in., is probably — : 
associated with the buckling of the legs of the angles. The ultimate t 


Specimens 4A-3, 4A1P-1, and 4A1P-2 (Fig. 5), with | legs of 
4 angles, having width- to-thickness ratios of 8, 12, and 10, respectively; developed 


strengths equal to the values the straight-line formula by 


i 
| 
per sq in. to . per 8q In. Ihe reversal of the load- 
a 
— ct Buckle ininches 
| 
— 
— 
4 
— 
— 


dicted by the straight-line cenit 2A1P-1 and 2A1P- 2 de- 
veloped only about 60% of the similarly computed. These « compari- 
- should emphasize the fact that short columns with outstanding plates _ 
_ ying ratios of width to thickness greater than about 12 are subject to local” 


failure at loads less than those predicted by the usual column formulas. — 
_ §pecimens 2C-1 and 2C-3 (Fig. 5) can scarcely be said to act as units is in — 
_ view of the fact that failure occurred by bending about the axis of greatest — 
-eomputed stiffness. The ratio of moments of inertia is 1 : 1.3. The failure of e 
3 Specimen 2C-3 (Fig. 5) was accompanied by the formation of Lueders’ lines. 7 
— agreement between the test results and the computed values was very good. ~s - 
Fig. 6 shows Specimen 2C1P-1 under an average stress of 29 000 lb = 
sq in. The buckling of the plate is quite apparent although at an average — 
_ stress of 28 000 lb per sq in., the plate appeared smooth. These values agree 
fairly well with the critical stwength | computed on the basis that the edges ms 
a the plate are built i in and the width i is the clear distance ate een aad rows e: 
__ Fig. 7 shows the relation between the load and the depth of a buckle inthe =—=— 
plate of Specimen 2C1P-2. The plate buckled rather suddenly at a load of 
205 000 Ib. This load coincides with that at which the ‘“‘break” occurred i in the * ve 4 
he load-deflection curve of Fig. 2(j). Besides the formation of this buckle, failure’ - @ 
‘” was accompanied by the formation of Lueders’ lines. ‘ The « computed strengths | od 
for this specimen given in Table 3 are about equal to the yield strength of - 4 4 
- material. The test result is about 10% less than this, probably as a result of : 
‘The computed critical strength of of Specimen 2C2P-1 agrees fairly well w ~~ 


the break in the load-deflection curve. The ultimate strength exceeds this a 


- value by 19 per cent. None of the three specimens, with a ratio of width of 
ae - plate (between the lines of rivets) to thickness of about 46, developed the ca 

@ 


‘strength of the materials nor the by the 


formulas. 


mm (1) For | ow loads the shape of the cross-section has no EO a effect 0 on 


the distribution of stress; but for the higher loads the specimens with rll 
outstanding plates have a pronounced variation in the stress; 
_ (2) The shape and proportions of the cross-section have a significant: effect 

on the ultimate strength and the type of ‘failure, whether her by bending 2 as a unit 


: a (3) The type of failure, whether by local buckling of a component part or > a 


i by bending as a unit, can be predicted as the type of failure corresponding to a 

the least of the strengths computed by the various equations for critical 

= a) In order to avoid failure of short columns ( 7 = about 40 Tt local 


than that pm t d for the column acting as a unit, the — a 
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— at a load les 
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_ = wena about 12 and the ratio of width to thickness of cover-plates with a a row x 
rivets near each edge should not exceed about 40; trode vivo 44 | 
Be sn (5) Local buckling will not always result in the collapse of the entire mem- — 
ber, but may be only a wrinkling of the buckled part; 20 ge 
par (6) In the range of working loads the shape and proportions of the cross- ne 
section have no significant effect on either the ratio of measured deflection of re 
” the axis of the member to the computed deflection or on the magnitude of 
indicated shear, expressed as a percentage of the load; and, 
an (7) For two-channel members with two planes of lacing to develop equal 
- column strengths in the two principal directions, the moment of inertia of the i 
7 section parallel to the lacing, computed in the usual manner, should be greater _ 3 
_ than that parallel to the webs of the channels in order to ) counteract the minute % 
unintentional slack in the lacing-bar joints. oda df 060 Be 
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4 Hartmann, Assoc. M. Am. Soc. C. E., Research Engineer. __ a 
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i Symbols for Mechanics, Structural Engineering, and Testing Materials" con 


piled by a committee of the American Standards Association with Society fe 
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plate and the type of along the edges « of the 


i b= breadth; width of plate, in inches; fe 


Cs eee coefficient chosen so that the combination of of Equation (4) 


in n inches, from the neutral axis to the point "where 


K= =a coefficient describing the end conditions; taken a as unity fora 
ss golumn with round ends, and as 0.5 for a column with fixed ends; 
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A = area of cross-section, main members, in square inches; 
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ALUMINUM COLUMNS 
= radius of gyration of the cross-section, in inches, -sseuming unified 
of the component parts of the member; 
total load, in ‘pounds; P’.= = Euler column load, in pounds; 4, 
= obliquity of loading, in inches; distance between the axis, ‘of the” 


columns at the ends and the plane oft of the knife-edges; | 


> 


= average “unit stress, in ‘pounds per per “square re inch = —; &, = = critical 
ress; = Euler’ 's column strength = 


column strength corresponding to zero slenderness 
= thickness, in inches; al 


ord 


- total shear, in pounds; V; = indicated shear, expressed as a - . 


= deflection, in inches; ;and, white doh 
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Niuzs,! 12 Assoc. Au. § ‘Soe. 6. _E. (by letter) “a 


distinct viewpoints, Mr. Holt’s paper is a valuable contribution to the litera- 3 
= ture of column design . Its most obvious merit is that it extends the ceeoyeee 


> 


a “ engineer cilia of whether he intends to use aluminum alloy or steel as 
structural material. The discussion of the > stresses in lacing- ‘bars, for 
nal, should be of as great value to the designer of steel columns as to the | 
_ worker with aluminum. In the past this problem has been slighted bed 
_— Tacing- bars have been designed by methods based on so many assumptions and 
ont so few experimental data that they scarcely | rise to the dignity of being 
=) ~ called empirical, but can only be described as rule of thumb. The more infor- | 
_ mation th: that can be obtained on this and several of the other topics treated in 
_ the paper, the more efficiently will the engineer be able to design his columns, 7 
and the more safely can he use unconventional sections for special purposes, ¥ a 
One phase of the tests that is rather meagerly covered in the paper is the : 
- tendency of the “cross” and the ‘‘tee’”’ sections to fail by twisting. In Table s- i 
a, _ four columns are listed for which failure by twisting was predicted, and in each ee, 
ease the prediction was fulfilled. It may be noticed, however, that there is ~au 
mention of predicted loads at which failure in this manner well take pines, 
Furthermore, it should be noted that three of these columns failed under much ~ 
lower average stresses than those predicted by Equations (3) and (5). Tt i 
‘4 might be thought that Equation (6) would be helpful in predicting the probable ‘ 
stress at failure by twisting, since buckling of an outstanding leg due to local ne 
— instability would tend to cause the re columns in ¢ question to twist. That this i. ae 
equation does not apply is evident from the fact that two of these columns a 
failed by twisting under much higher unit stresses than the larger values ob- | 
tained from that formula. The real situation is that, for any column there is — 
a critical load which cannot be exceeded without producing general instability 
_ with respect to torsional failure. _ For most of the standard column — 
‘ane og this load is so much larger than the critical loads corresponding to other types” 3 
of failure that it need not be considered in design. For the “cross” and “tee” 
sections, however, it is likely to be less than the other critical loads and becomes — 
Se a limiting factor. This type of failure is not discussed in the paper although 
- aforementioned predictions show that the author was properly aware of . 
_ its likelihood. * Its importance to the ‘designer i is indicated by the relatively ow 
- average stresses at which the first three columns listed in Table 3 failed. _ iG 
: _ One probable reason for the lack of predictions of the stresses at which Kk 
* - torsional failure was to be expected is the present very primitive state of the a 
theory. applicable to this phenomenon. Although it had been noticed in 
c number of earlier column tests it was not until quite recently that any notable Re 
c progress was made in explaining it rationally or in predicting the loads at which _ 
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it might 
“nomenon easily available to engineers is a report by E. 
Jun. Am. Soe. C. E. , and Mr. C. M. ‘Fligg" wibe engineering staff of th the 
National Advisory Committee for Aeronautics. ‘The theory of this report, 
z however, is incomplete since it is limited to the case of a column with a doubly 
cross-section, and is not supported by test data 
Mar ARSHALL Hott," Assoc. M. Am. Soc. C. E. . (by letter). —The writer 
a wishes ‘to thank | Professor } Niles for his discussion of this paper. As: stated, 


al 
the pr canes of such columns, are not readily available. When satisfactory 7 
y methods become available for predicting the strength of members rs that fai failin this ’ 7 4“ 
i manner, the use of such members in special locations may become more common. | ae é 
J ‘The prediction of twisting failure for four of the specimens in Table 3 was 
based on the following reasoning: The outstanding plates would fail by local 
buckling because the strength for this mode of failure is less than the strength , a 


if failure were to occur by lateral deflection of the specimen as a unit (compare © - “if 


the computed strength obtained by Equation (6) with the strengths obtained — oa 
4 by Equations (4) and (5)). If the supported edge of the plate were free to - 
‘Totate (but not t deflect), the free ) edge | of the plate would buckle into a single 
wave; but if the supported edge v were fixed against rotation, the free edge would a 
_ deflect into a number of waves, the number depending on the relative propor- 
tions of the plate. | Since the torsional rigidity of these specimens is so small, 
7 the degree of fixation at the supported edge of the outstanding plate would - 
not cause the development of more than one wave in the free edge. Thus, 
_ the center of the specimen would merely twist relative to the ends. pte tis as 
a _ Failure under this type of action may or may not result in the collapse ra y 
q the specimen but occurs at that load at which the lateral deflection of at 
free edge of the outstanding parts increases at a rapidly i increasing rate (see 
. Figs. 2(m) and 2(n)). The maximum load sustained by the specimen may be | : 
greatly i in excess ss of this buckling load and, of F course, will be accompanied by a 
collapse of the ,specimen. There seems to be no method available for predicting 
the spread between the buckling load and the maximum load, but obviously 
i it depends on the Telative proportions of the « cross- section Considering 
a in this light, the strengths of the specimens that failed iad twisting were pre-- 


Theory for Primary Failure of Straight Centrally Loaded National 
Committee for Technical No. 582, W Coy — 
Engr., Aluminum Research Laboratories, New Kensington, Pa. 
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Paper No. 2061 


_ TRANSPORTATION DEVELOPMENTS 


ITH Discussion BY Messrs. Mitton” Bupp, 


Jenny, Witi1am J. CUNNINGHAM, R. TrvuespELL, Davip A. Motor, 
plo A broad review of f the problems facing transportation in the | United States Ei 
is offered in this | paper, r, with sharpest emphasis placed upon the problems facing ; 
the railroads. _ Of the five important transportation agencies—railways, high- fe 
i ways, , Waterways, pipe lines, and airways—railways are e shown to be the most 


we Special stress is laid on the need for adequate research on a large scale and 4 


rehabilitation and r necessary progress. ‘The writer considers that the prosperity 
_ of the railroads is essential to the prosperity of the country as a whole. The — - 
-Tailways are ein grave financial difficulties, maintenance i is greatly deferred, and 
"progress is not being made. ¥ This is due to fundamental defects in govern- 
_ mental regulation rather than loss of traffic due to the general depression. Iti is 
. pct that | there should be better co-ordination of all transport facilities and 5 


direct governmental aid or extension ¢ of credit should be provided for the @ rai 


as it is now being extended to all other forms of transportation. 


‘Twenty-five years ago, when people spoke ¢ of transportation in an United — 
_ States they thought only of railways. At the present time, the railways com- — 


a prise, as a group, only one 2 of five important transportation agencies—railways, 4 
: highways, waterways, pipe lines, and airways—all important factors i in we 
4 portation. Twenty-five years ago the automobile was scarcely out of the 


crawling stage; the truck, the tractor, and the motor bus were unknown. 
_ Aviation was an experiment, pipe lines were not a factor to be reckoned with, 
_ and the waterways were little used. Inland waterways had declined as a factor — 7 


7 


 Nors.—This paper was presented at the Annual Convention, Salt Lake City, U tah, on July 20, | 
as part of on and published it in November, 1938, 
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ment funds and Federal capital invested in operation. 


: are still the dominating factor in the field of transportation in the United States; 


in » transportation as s the railways advanced, and they had not yet co come to the F 
stage of heavy development in physical structure through the use of Govern- — 


spite of the development of these competing forms, however, the railways 


that is, they are dominating in the sense that they move by far the largest _ 
-yolume of freight over the longest distances and, consequently, they are 
‘dominating in their relation to general business and industry. With highways 
_ so easily visible, and with the dramatization of air travel, the the public tends to ah 
‘forget thie position « of the railways and the fact that they mor move considerably fos 
_ more than twice as much freight as all the other agencies combined. Exact = 
data as to this distribution are not available, but the > following i is @ reeonahly 


correct estimate of the distribution, 


Deseriptt f total 


at 
“Motor ¢ carriers 


‘Pipe lines (petroleum). . 


list does not | include transportation. In referring to this 
classification Mr. Joseph B. ‘Eastman, Member of the Interstate Commerce _ 
Commission and formerly Federal Co- Ordinator of Transport, has demon- 
strated that the ton- data do not show the effect o of highway 
competition inasmuch as truckage hauls, on the average, are comparatively _ 
Peg _ Comparison on a tonnage basis shows a higher percentage of actusl — 
tons hauled by trucks, at considerably higher and more profitable rates. — apes 
Me In “general, the average cost (to the shipper) of freight hauled on the rail- 
roads is slightly less than 1 cent per ton-mile whereas the cost of haulage by . 
_ Gack *is from 5 to 7 cents per ton-mile. —«dTti is to be realized, of course, that the 


~ truck haul is from door to door, whereas the railway haul is the dont of move- 


Another estimate of the relative importance of the various carrier agencies 


is s given by John S. W orley,* M. Am. Soc. C. E., as follows: : 


ription 


a 


* Second Rept. of Co-Ordinator, March, 1934. foveb 
“*Motor Truck Freight Transportation,” U. 8. Dept. of Commerce, 1932. 
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ORTATION DEVELOPMENTS 


ond These values afford some interesting ‘comparisons they are for a 
4 agg 1932 and the prior list is for 1936. Comparison of the two tabulations serves at P 2 pl 
z= —_ least to indicate the very low ton-mile costs to shippers on the waterways nail a de 
compared to those on either railways or highways. In making these com- th 
parisons, however, it must be borne in mind that total costs of transportation 
from door-to-door and although, undoubtedly, costs of movement in barges. 

4 


_ or vessels on waterways are low, they do not necessarily show total costs from 


y 8 _ origin to destination; neither do they include costs of building and maintaining “4 


/ 


a «Iti is not possible i in the United States, on the basis o of present knowledge or 4g a 
a expectations, to substitute highway transport for railways for the movement 
a freight on a large scale. For example, consider the freight movement on the | oe 
Pittsburgh Division of Pennsylvania Railroad, which extends between 


_ Pittsburgh and Altoona, Pa., a distance of 113.9 miles. Ona representative 
day i in 1938, a total of 162 756 net tons of freight was moved in 108 freight 2 
trains, containing 4089 loaded cars, and manned by approximately 575 em- 
_ ployees. To m move a similar volume of freight by highway, in 5-ton ‘trucks, 
would require 32 551 vehicles, each manned by at least one employee. If these ie 
_ vehicles were spaced t the legal distance of 500 ft apart required by the ‘Penneyl- 
--vania State law, they would cover a total of 3 084 miles of highway, or about _ 
_ the distance from Los Angeles, Calif., to Philadelphia, Pa.; and, moving at the 


: ‘tate of 25 miles per hr, would require is hr, or ‘more than 5 days, to ‘pass & 


Assuming 6 000 vehicles (that vehicles both 

- directions which i is & a reasonably dense traffic as the normal | capacity ¢ of a first- 

dam, two-lane highway), it is evident that this freight alone would r require about | 

- five or six of such highways to handle it. | . If only half the total traffic were 

trucks—the remainder being buses, private automobiles, and other vehicles— 
a 


it would require ten or twelve such highways through this one section of ‘the: ~<a 
country to equal the capacity of the one rrailroad. | 


a i course, th there are several ways of estimating this highway capacity as, for Pp 
— instance, a assuming 10-ton, instead of 5-ton, trucks; the fact, however, that the + 5 
<¥ - “a rail traffic cited is fairly representative of an ordinary day must also be con- 
: _ sidered, but in both cases provision must be made for peak loads. ~The railroad 
could handle twice as much traffic on the same trackage; but to handle twice as va 
much in the same period of 24 hr on the highways would require twice = 
The railways are not only important because they now handle by far the — 
_ proportion of the freight but because there now seems no other way in 
_ which this traffic can be handled. Furthermore, the World War demonstrated — 
the absolute necessity of railways in time of war. 


PRESENT ‘Status (OF THE ‘ART TRANSPORTATION 


— 


—The “very important of highways and 
motor-vehisle development has been ably treated by Charles F. Kettering 
Soc. C. E., June, 1938, 1116. 
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and L. I. Members, Am. Soe. C. but attention may called to. 


¢ phase of the subject, namely, the effect of the speed of motor vehicles on highway — 
, design. There are those who claim that all present-day highways are obsolete; _ 
that they are out of date as soon as they are built because they. are not designed 
“for speeds of 100 miles per hr. They claim that the modern automobile (and — 
- possibly, the modern truck) can be, or soon will be, driven safely at this speed; — 
a that engineers are lacking in foresight and are hopelessly conservative and 
; behind the times if f they do not ‘recognize this need in the design « of highways. 
E These writers | ignore the fact that only a small proportion o of drivers of motor — 
_ vehicles are capable of driving at speeds in excess of 50 or 60 miles per hr under | 
_ ordinar ry every-day conditions. 7 Engineers must take the human element a 


- consideration and not be carried away by too much enthusiasm for — 


Sti and 1 mechanical t triumphs which, in some cases, my be rte, bo me 
a: Aviation.—It has been predicted *by J. Monroe Johnson, M. Am. Soc. C. E., e 
‘. Assistant Secretary of Commerce, that within a short time 10-hr transconti- 
| nental schedules will be established, with great air liners flying in the sub- 
stratosphere, as well as 3s non-stop | sea schedules between New York, London, and — 


, Paris; and 40 000 000 ; persons instead of 400 000 will be using the air ennai b 


Lines, has described * the status of aviation in considerable detail. ope 


aa Realizing that great strides have been made in aviation in recent years, ‘and 
x= believing that the prediction of Colonel Johnson is not altogether an 


‘ for travel. Spencer R. Newman, District Traffic Manager of the ‘United Air 4 


iridescent dream, the writer doubts that aviation will, for a long time to come, 

take care of much more than the ‘ “cream” ’ of normal i increase and the increase © 

_ Aviation, highways, and waterways, are handicapped by bad weather condi- 
i to a much greater e: extent than the railways, and all-year-round, daily, and 
hourly reliability is still an important factor in the business of transportation. 


Waterways.—The subject ¢ of navigable inland waterways has been discussed 
quite fully by R. W. Putnam and §. L. Wonson,!° Members, Am. Soc. C. E., ,and 


_C.L. Hale," M. Am. Soc. C. E., who present, quite fully, the a for and p i 
against these Government subsidised lines of transportation. 

si The investments of Government capital and the use of Guivieenieiaitt ibe 
te dies under whatever guise they may appear | (andi in the case of the waterways it 
> fab difficult to ; recognize them) is a very ery important consideration in de: aling 
a with the transportation problem, but the writer doubts very much if the general a 
4 ‘public | has any idea of the extent of this phase of Government activity, the facts 


in regard to it, and its effect. 


Civil Engineering, September, 1938,p.585. by 
4 1“Safety and Speeds as Affecting Highway Design,” by F. Lavis, bees pr Highway Research 


* New York Times, June 23,1938. 
Civit Engineering, October, 1938, p. 679. tog 


‘Water Transportation Versus Rail Transportation”: A Symposium, Transactions, Am. Soe. C. E., 


Vol. 203 (1938), p. 1279 
‘Economics of the Ohio River Improvement,” Transactions, Am. Soc. C. E., Vol. 103 a 
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22 Pipe Lines.— —Pipe-line operation is a purely neal development, and 
i is really an extension of the oil-refining and distributing plants of the oil com- 
panies. It is part of the system of production, refining, and distribution of 
their products. The business—the freight—is_ supplied by the owners of 
transportation agency and is part of their business. OUE 
_ Railways.—The development of light-weight Diesel engine trains has begs 
. traced by Ralph Budd,” M. Am. Soc. C. E., and C. P. Kahler,” Assoc. M. Am. 4 
8 Soc. C. E., has described turbo-electric- driven trains. 
~~ the colvand field, at the present time, there are potentialities for improved 
— 
a service, and for the reduction of operating costs, which would almost rev olu- a 
: - tionize the railway yay industry ‘and with it create improved b business conditions in 
* allindustry. Under the conditions obtaining on the railroads to-day, however, — & 
_ these potentialities can bear full fruit only if if the human e element, financial — 
: considerations, and political thought keep step with them. _ Prosperity and 
sound business conditions are indispensable for such advances. | 


Need of Research. —Not long : ago advances and developments i in engineering “<, 
and mechanics were products of the thought and research or genius of indi- % 
- viduals. — Such progress to-day, how ever, is mostly the result of intensive study -s 
_ by large groups and combinations in laboratories. ha No longer is this progress sa 
- the result of the work of the lone man 1 in a garret; it is the co-ordinated effort of . 
large groups of paid scientists. . They work on definite plans, toward 
definite objectives, in well-equipped laboratories with, on the one hand, huge ; 
testing machines and, (on the other, the most delicately made and finely adjusted ia 
“j scientific instruments. ~ Such progress means the expenditure of money. I Iti is 


_ supported by groups of large businesses that are prosperous and by this n means 


7 __ Although a certain amount of research is being conducted by the railways, : 


_ it is scattered, not well co-ordinated, and is not on a scale that the industry | 
_ warrants. Some of it is scattered among the colleges and thus is useful, but ' 
there i is need of | a large centrally located and _ well-equipped laboratory where v 
Advances Depend on Human Element as Well as Science-—Steps are being 
_ taken and methods are being put into practice to try to solve at least one of the 


very difficult problems which the 1 railways have had to face, namely, the loss 


_ railways do not begin, how ever, to touch the fundamental difficulties i in es fr , 
railwa: ays of the United States now find themselves involved. Meritorious 
" though these i improvements in passenger | service may be, and valuable though — 
ey, in _ they may be in indicating ) what ma: may be accomplished in n the entire field of 
8 g railway transportation, , they should not be allowed to obscure the « effects of the — 
more important factors in: advances—the human element, , the political 
element, and the underlying financial difficulties of the 1 railroads to- = ae x 


Engineering, 


passenger business. Attempts to encourage passengers to return to the 
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PRANSPORTATION D DEVELOPMENTS 


Recently, the writer experienced the entire gamut of transportation d develop» — 
rant in one short period of less than two months. He traveled by primitively — 7 
_ equipped train, by automobile, and by truck over badly worn dirt roads and 
no roads, by ox-cart, by mule wagon, motor-boat, horse-back, mule-back, — 
; on foot, over an area about 300 miles in length which required actually five weeks _ 
of strenuous endeavor. Then he returned, in the air, over or above the same — 
route, by a regularly scheduled airplane, in 14 hr. In studying the ways and — 
_ means of improving the land transport over this route the writer was impressed 
_by the part that had to be played by Man, the human being, by politics, by 


_ into play in finding a solution for the problem. The engineering aspects were 
compared to the human, political, and financial aspects. 
Advances in transportation, or advances i in other fields, mean more than 
the improvement of existing machines, or the substitution of a new machine for o 
an old one, a Diesel engine or a turbo-generator for the steam locomotive, o 
the improvement of the steam locomotive itself. 
_ In evaluating the worth of such improvements as increase in speed, stream- 7 
lined trains, Diesel engines, electrification, light-weight cars, modernistic design Y 
“of passenger coaches, and improved freight services, one must have some picture 
_ of the railroad situation as a whole and its relation to other transportation de- 
_velopments. If the railroads are “sick,” as they are if they are all going into 
bankruptcy, and they seem to be tending that way, it is of little moment whether _ 
or not trains are stream-lined, or whether the Gaceeationn 3 in the lounge cars are a 


Surplus of Facilities. —The outstanding feature of the transportation situa-_ 


5 finance, by commerce, and by economic considerations. “All these factors came — 2 


facilities i in relation to the business there is to be done. During the World War, 
- the railways, then virtually the only transportation agency in ‘the country, — 

- broke down under the volume of business offered. In the years immediately 
follow ing, large investments of earnings and capital ' were made to improve and 
inerease their facilities so that, with the boom period of 1927-1929, 


‘4 ‘handled the very large volume of business then offered without difficulty. 
bail 


GOVERNMENT CAPITAL IN HicHways, WATERWAYS, 


In the meantime, highways were being extended, rebuilt, and repaved, _ 
_ waterways were being improved for navigation, and air lines were beginning _ 
J tobea factor. The first two were built entirely with Government capital, and 


and that the subsidies to aviation have been warranted both 
for mail service and on the score of developing the national defense. It has 
been announced, however, that the State of is to provide the sum = 

of $58 000 to b build new aw highway | from to Pa. 0 
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Bo _ the airways were developed under substantial Government subsidies. (Gov- ee 
. ernment will be understood to mean not only the Federal Government, but he 
also that of the States, counties, and municipalities.) Itisfairto state that, = 
__ although the highways were, and are being, built with capital furnished bythe a 
> = 
at 


this, $32 000 000 is is to be a public I loan and $26 000 000 a grant. The loan ns 


The subsidies to the waterways—that i is, the Government investments in 0 


Me waterway’ improvements—have been justified or excused, in part, on the plea of pe 
flood control, or power development, but in the Mississippi Valley they have 


been made frankly and almost wholly for the improvement of navigation. 
The point to be made, is, that the capital for this expansion of highways, — 


waterways, and part of that for was s furnished byt the Government. 
suite? INCREASES OF TRANSPORTATION 
ss In his report of March, 1934, as Federal Co- Ordinator | of Transport, Mr. — 
Joseph B. Eastman called attention to the fact that in 1920, when the railw ays ‘e 
_ had a virtual monopoly « of transport, their total investment was approximately — 
7 a 19 billion dollars. _ Betwe een 1920 and 1932 investments in additional transpor- 
tation facilities amounted to an additional 20 billion dollars, divided as follows: pap 


Pipe lines. 


d 


(U.S. Government). 


ny estment in transportation facilities was doubled i in Sheet 12-yr period, 1920 : 
to 1932. One-third of it was private capital invested in the railways, and a s 
almost two-thirds was Government capital invested in highways. 
‘One of the fundamental aspects | of the present-day transportation problem, 
is a very greatly. increased ‘capacity, | a ‘surplus capacity over ‘and 


above the needs of the country, and the continued and investment of 


424 


7 


this surplus would not be so evident or ‘or nearly as rea if the country 
a had gone ahead at a normal rate of growth during the ten years, 1928-1938, but 
with | depression succeeding depression this i | Increase ir ‘in capacity becomes one of | 
them major factors in the present situation. igid 

With the almost inevitable further continuance of growth of highways ona 
large scale, this surplus capacity is not likely to be reduced by population in- af 
_ crease or growth of business. This problem, there ore, is likely to continue for 
some time, aggravated by certain factors that reduce reight traffic permanently. 7 
Passenger Traffic.- —Whether or not the passenger traffic can be restored to 
railroads, or further loss prevented, is difficult to judge. Speaking before the 
= Railway Club, at Chicago, IIl., cn January 20, 1936, W. W. Colpitts, tate 
 M. Am. Soe. C. E., expressed great hopes that it might be, by reason of better i 


ee faster service. ’ The writer believes that much of the passenger business is 
= permanently to the private a automobile; but hesbale is a substantial volume 
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TRANSPORTATION DEVELOPMENTS 


_ service . Iti is a if some of this this business i is not ried 


the. that will be brought re-organiza- 
tion and also by voluntary action on the part of the railroads (with the permis- 
- of the Government) will be the abandonment of services that do not pay. 
On July 9, 1938, Federal Judge Carroll C. Hincks over-ruled the Massachusetts — 
Department of Public Utilities and ordered the elimination of eighty-eight — 
_ passenger stations on the Old Colony Railroad. In his decision he stated that. on : 


~ re-organization i is impossible, legally and economically, for a railroad that can- 
— not earn its operating expenses. To continue the passenger service of the Old 
Colony Railroad on the old basis would have jeopardized its capacity to main-— 


the indispensable freight service in that territory. BAT 
OM although the changes in service will be inconvenient to some, they were 
judged to be in the public interest, permitting more aatichacters service for 
er and it was reasonable to assume that transportation by highway would z 
: available for those who found themselves without service by rail. — nl 

, am according to the decision, the public interest would be served better by 
policy protecting indispensable freight and passenger service than by a sc af 


which daily was nearer the destruction of the entire 


ae diminished due to the use of fuel oil and electricity. Both oil and 
- gasoline are now transported by pipe lines and these commodities have the 


7 


decrease i in foreign trade, which is not likely to be reviv ved, has daa the e 
_ traffic in imports and exports. Much l.c.l. (less car-load lots) freight, especially 7 ss 
__ short- haul freight, is s being carried by trucks on th the highways, so some ¢ of these, “3 ) 
how ever, being operated by the railways themselves. transportation of 
raw materials has been diminished due to the moving ¢ of factories to new loca- - a if 
near sources of supply of the materials they use. "Many economies have 
been introduced iby manufacturers to reduce transportation as as well as other costs — Nag 


is no new territory to develop, rate of i increase in has 


reduce the volume of freight to be tranepented, On other side of the 
— 


ledger is a certain amount of new business from the automobile industry and . 
“for t the construction of highways and other public works financed by the = 
ernment. Some of these benefits will continue unless the nation reaches its 
limit of borrowing or devaluation, or decides to balance its budget. 
One particular phase of freight movement on the railways, which has been 


developed within recent years, is the need of speed in the movement of certain + : 
a: kinds of goods.“ Until a comparatively short time ago, = inventories were 4 
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TRANSPORTATION DEVELOPMENTS 
rule and orders were » placed for quantities to cover seasonal: than 
daily or weekly requirements. _ Then came the present era of small inventories, 
To-day, orders are placed by telephone and deliveries from distances as" Be 
remote as 500 miles may be expected the next day. The result is the develop- — 
- ment of freight trains traveling at night at speeds of 40 to 50 miles per hr which — a2 
_ presents a very different situation from that which obtained 30 to 35 yr ago 
_ when grades of 0.2%, 0.3%, and 0.4% were built for heavy trains traveling at — 
— -14t0 15 miles per hr, and when i a were often a week or more on the road. 
oF: The extent of the decline in the business of the railroads is indicated by : a 
y the data in Table 1. In 1936, Mr. Worley ‘ ridiculed the idea that there was te 
then any national transportation problem. J He claimed that the — were = 
1.— DECLINE IN Business, Cuass 1 


oy 


“Item ond! bur 1920} 1926} 1929 | 1932 


Freight originated, in millions of tons 
Freight carried, in billions of ton-miles. . 
| Gross revenues, in billions of dollars 
| Net operating income, in millions of dollars. 
Passenger traffic, in billions of passenger miles*. ; 47. 


off ibis industries and that all were suffering alike 


- economic debacle of 1929. Nevertheless, about 75 000 miles of railroads are a 
in the hands of Receivers or Trustees i ie Bankruptcy to-day (July, 1938), and 2 


: A others seem to be e seriously threatened. On July 1, 1938, the Superintendent of 
a Banks of the State of New York announced that more than $3 000 000 000 face 
4 value (principal : sum) of railroad bonds had been stricken from the list of legal o 
t investments for the savings banks of the State. This evidence lends the gen- 
eral appearance of a crisis or, at least, of a gravely serious situation. = aad 2 
mn a must be borne in mind that the the railways ¢ cannot be compared with ordi- — 
nary industry, such as a s a steel n mill, a copper mine, a textile p plant, or other similar 
industries, any of which can be shut down in times of low demand. The rail- 
road is compelled to run trains, its need for maintenance goes on more or less s : 
_ regardless of traffic; the service to be rendered, and the rates to be charged are svt 
_ subject to regulation by the Government; and the wages it must pay its em- 
ae ployees are (or may | be) determined by another governmental agency. ay ksh | 
In times of stress the railroads must stop. maintenance, stop buying, 
improvements, stop advancing, and this cessation has a very serious reaction on 
a the country at large. - During the seven years, 1931 to 1938, the railways are 
~ reported’ to have spent only 49% as much n money annually for maintenance as 
- was spent annually in the five years, 1925 to 1929, inclusive. It is estimated _ 
_ that the deferred maintenance at the end of 1937 was approximately a billion - 


| 
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This i is a matter of judgment but the detailed data. cited make itseem 
reasonable. Keeping maintenance up to date, however, is not advancing, but 
r there can be no advancement at all with any substantial amount of deferred — ‘ 
maintenance. Advances cannot be expected in an industry which is in the : 
: condition in which the railroads find themselves to-day. If it is true that noth- | 
ing stands still, then the railroads are going backward, and if they ¢ are (and the 


writer believes they are) it isa serious situation. te an gad 


to be bearing the brunt of the attack and, sharon: the problem now is ® a 


Jeed of Lower Costs of Operation.—So far as the railways are concerned, _ 


onomy in the cost of operation means producing ton-miles and passenger ~ 


~ miles at the lowest cost consistent with the full movement ¢ of traffic, and with 
ee value of the facilities used and service rendered. The last is fundamental. 
This is particularly so because the service of the future must be much better 


that of the and must continue to i improve. 


| 


railroads now constitute n more than 60% of all operating costs and, 
they are a most important factor in the situation. Service depends 
Every one is entirely in favor of adequate compensation ther. 
= * compensation for all those employed from executives to track walkers. 
Howev ever, special groups “of employees banded together for. 
"protection (as they have a perfect right to be), use their combined voting 
- Strength or group pressure to obtain unfair advantages for this group at the 
expe expense of others, or - obtain privileges not granted to labor generally, it is not 
conducive to sound business for the country or the industry, = 


The very powerful ur unions 8 of the ‘railway workers shave not always worked 


"advancements and, incidentally, i injuring their own cause. 

= _ There seems to b be no good 1 reason why railway employees should be specially — 

E singled out and fav rored over other classes of labor by general legislation as, 

for instance, in the special Social Security and Pension Acts, applying only to “a 
_-tailway employees, passed at the last session of the 75th Congress when this _ is <a 


- same Congress was too busy to heed the President’s plea for substantial relief rs : 


There are many angles to the labor question and having been a laborer 
all his life the writer is entirely i in favor of having labor get all the pay the — 
_ traffic will bear, with reasonable hours of labor and security for old = 

if any or all of these demands are applied unreasonably simply to provide 
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jobs and not to _—e efficiency, adjustments will ill inevitably hav 


‘made, or the jobs will disappear. bah 99 ave 
=; ‘That railroad labor has not lagged behind i in increases of wages is indicated 
by the following data cited by Mr. Robert V. Fletcher": 


‘The average hourly compensation of employees has increased 
— from 28.3¢ in 1916 to 68.6¢ in 1935, an increase of 142.4%, while the cost of 
_ living has increased only 26.8 per cent. The average annual pay increased in 
_ this same period from $892 to $1 653, nearly double; but note this, the average oy f 
number of persons employed dropped from 1 647 097 to 994 371, not much — ar 
morethan half.” 
Bias Part. of this decrease in employment has been due to economies in 1 operation 
_by increasing the number of cars and tons per | train, longer runs, elimination 


certain terminal and intermediate yards, ete., » but these 2 operating economies he 


of the : seniority rule has tended to keep an unduly large macarent of older em- 


| 
= — jaapeeeea in service and to stifle the ambitions of the younger 1 men, a situation om 
which tends to devitalize the industry. 


= 


is not only that “wages to “railway employees increased 1 considerably 


during the twenty years, 1916 to 1935, but these increases have continued 4 


7 At the end of 1937 the bill for wages on the railways ws was increased by 


‘more than $100 000 000 per yr ata time when operating revenues were ‘seriously 
declining. 18 The result was further curtailment of buying by the railways, 
an accentuation of the decline in general business activity, and, of course, 
_— further decline in business (that is, freight, handled by the railroads) and, 
: a further laying off of large numbers of men. The National Mediation Board a 
. hat im obtained “peace” with the labor unions by granting this i increase, did 7" a 
not improve either the general business of the country, the ‘position of ri “rt 
- railroads, or, in reality, the economic status of the railroad employees. It is 4 - 
+ _ “not a healthy condition to have earnings 0 of trainmen increased 16% ron 
average net earnings of the railroads decreased 70 per ‘cent. 19 
The labor question on railroads is a tremendous problem which cannot 
- ignored. . If the railroads of this country are to maintain and improve their 
. 3 position (and there can be no general prosperity without | prosperous railroads), 
labor must do its part in producing ton-miles at the lowest possible cost, and 
- must provide improved service. — this means sacrifices either i in number ft 


ees due to more efficient machines, or lower rates of | pay, these sacrifices 


af 


lower costs without such sacrifices through greater efficiency in 
operation which, in turn, means better service at lower cost. 
The automobile industry is probably the most highly  sahaaiiaaeaih 
in: the country, the value of the product of each - man’ s labor is higher than ay ¥ 


that of | any other industry, and the rates of wages: are at the top. _ This has es 
=v Address to the Academy of Political Science, November 12, 1936, p. 62. tn 
18 Railway Age, January 8, 1938 (quoting from Washington, D. C. Post). 


Associated Press Dispatch, in New York paper, June 30, 1938. ood, 
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not 
from the proper ¢ combination « of men a and machines. v reer will have to 
i a at di to 


outstanding factors affecting the railroad situation in the United States to-day. 
_ Railroad Capitalization—There is little use in discussing the present a 
- financial structures of the railroads. It has been shown time and time again _ 
that the railroads are not over-capitalized.— MI Considerable of the existing — 
ade will probably be lost in the various re-organizations and bankruptcies — 
through which so many of the lines are now passing. The diminishing rate of rateof 
return on the capital invested in the railroads is shown in Table 2.” 
income, in of return Year in of return 
— 
1930 por 223 692000 


1931 121 863 000 


is very that the railways considerably capital in 


¥ _ order to bring their maintenance up to date, to make advances, and to take 
advantage of such improvements | in the art as are now available i in order to 
produce ton- -miles and passenger miles at the lowest possible. costs 


with the improved service which is now being, and will be more and more, a Jn ] 


Present Needs of the Railways. —High-speed, well- equipped, smooth-running, 


the present passenger equipment before 1948. Certainly that is true of main- 


Perhaps it is not going too 1 far to state that it would pay to replace : most of 4 q 


line equipment, except for the comparatively few trains recently put in service. _ 4 


Genuine research is needed, and a mass of facts as to complete costs per unit _ 
: of transportation of some of the newer forms of equipment and motive power. ee a 
he: The state of the art of building lighter equipment has progressed to the _ 


point of planning for an even greater program of replacement of freight equip- — 
ment than that indicated for passenger equipment. There are possibilities in a % 
9 as mechanical refrigeration and other improvements in the mechanical features of — 
s freight « cars, , trucks designed for high speeds, improved draft rigging, air-brakes, a al 
.: — ; and yet, it is doubtful whether the industry is even making the beginning — - 
Bn 4 of a ‘showing into research as to the possibilities of these improvements. 
To carry the new equipment and to operate trains at the high speeds 
‘26 be demanded in the future, considerable attention needs to be paid to the — 
track and signals. No one seems to have been able to we sivhlae on a the — 
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‘TRANSPORTATION DEVELOPMENTS 
form of track structure from that of the earliest days; - but heavier rails ‘are 
needed, as are probably welded rails, improved fastenings, still further length- 
ening of the useful life of ties, ‘more ballast, better drainage, and, of course | 
elimination of many grade crossings and some revisions of alignment. 
__‘The art of signaling is well advanced and undoubtedly the general installa- 
tion of some of the newer forms of automatic signals will not only promote . * 


safety, permitting increases of speed, but by reason of their e efficiency, pay for a. 


- Railroads have e only begun to explore the possibilities « of power production. © 
‘The few ‘examples ¢ of electrification, of course, mark important advances, but, i a 
in the present state of the art, installations of this kind must be confined to 3 7 
< areas of very dense traffic, not only because of cost but fr from their very 1 nature. i 
The overhead wire ‘system of | power transmission seems to be tremendously _ j & 
costly and complicated and perhaps one of the advances in store for railroads a 
is a better means of transmission from | the power station to the clectrie Prt 


Railroads are experimenting with Diesel but these have not yet 
progressed much beyond the experimental stage fc for general railroad traction 
4 —— as all is not known about their total expense in 1 producing a1 and using eh 
id “The sali locomotive is continually ac advancing i in efficiency a and steam as- ae 
a prime mover is yet the “king as far as most railroads are concerned. How- q 
_ ever, there are many more old steam locomotives in service than is desirable, se , 
and these should be replaced with modern power. 2 
All these and a myriad other factors can, and should, be developed 
put into practice to produce : a a really efficient railroad ‘ transportation machine. 4 


rains, knowledge, and the engineering and scientific ability ar are available, — 


8 and nothing i is needed but 


Needed | Highway —At the of the Greater N ew York: 


B.; read a on “The of He ably 
. and in great detail, not only the probable future traffic sd the highways and 
their needs but also the economic factors—the costs of delays and the con- 


She due highw ays of the types. i. According to 
“The blindest can see that tomorrow’s highway system must include many 
i of facilities. Neglect of one class will cripple the efficiency of all others. 


¥ 


The metropolitan citizen must grasp the viewpoint and needs of the small 

town resident and the viewpoint of the farmer. The latter must see metro- __ 
_ politan highway needs. All must grasp the whole highway picture. Narrow- | 
ness of vision, selfishness of concept, suspicion, intolerance and misunder- 
standing are the formidable barriers to the realization of adequate 
highway transportation. Planning, engineering and financing are relatively 

small problems when compared with the public educational work and legislative — 

4,21 action w hich must precede Se 
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TRANSPORTATION 


‘These sentiments are important and are equally applicable to all transpor- 


- tation problems. They should by no means be confined to those of the 

ieee. and, they certainly apply to railways. _ After this summing up of . 
the situation the speaker then proceeded to forecast a reasonable estimate of 
the additional investment which he considered ‘was required to realize the _ 
| highway system of tomorrow,” and tie! he fixed at the very modest sum | of 

ei Government Funds and Credit —All this money, of course, is to be | provided — 
4B by Government credit and, again, without discussing the question as to 


whether the motor vehicle operator or T owner will eventually pay his: share of P 


4 this sum (that is, the mere bagatelle of, say, $6 000 000 000) were placed at_ | 
the disposal of the railways for rehabilitation a nd progress. _ Like the owner “ 


of operation within the limits of fair dealing with ‘shippers, passengers, and 

The Government is extending its credit to the highways and, therefore, 
incidentally to highway motor transportation and to airways. Assume that 
this investment will be repaid by taxes or other contributions of the users of 
these facilities. The fact remains that the Government is financing this — 

7 _ progress and looks to the development of business, and to the future users of 
- the facilities, for a return on its investment. In these enterprises the > Govern-_ 
ment takes the place of the bondholders and the stockholders of the railways. 
4 ‘There can be no question but that the Government investment in waterways 

isa special gift by the entire nation to a small section of the population that — 
can take advantage of these facilities. There is little return on the investment, 
and there i isa further annual expenditure for maintenance. ~ Only recently it — 
was ‘proposed also to invest further millions of public funds in building = 

system of waterways, permitting the passage of ocean-going vessels from the y 


ae Lakes to the sea, an addition to transportation capacity not ial at 
q 


all and, from the point of view of many, entirely unsound economically. Baers 
Political. Aspects.—The Government is a most important factor in this - 
railway situation. If the most important section of the national transportation — 7 
for many years now, to regulate and formulate the ‘policies of the railw ays in a 
:—, detail. It fixes the maximum revenues, it allows or disallows capital Re a 
_ issues, it regulates rates and hours of labor, ete. Ine view of the financial aid Pe i 
4 _ it gives to other forms of transportation (which it does not regulate so closely) — 7 
_ it should extend some financial aid to the railroads, perhaps only to the extent e 
? of the $6 000 000 000, one-tenth of that which highway experts say must be 
Spent on the highways to meet the needs of the motor vehicles. Even 
a little less than this would be very useful. ott 
” aie early as October, 1963, the ‘Peele of the United States, speaking at 


Lake City, Utah, said: Sarde mamed dousn on 


7" ep here is 1 is no reason to disguise the fact that the r: railways : as a whole are in 


as difficulty, and when so large a part of the American people have a 
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- direct cash stake in the situation—our job is neither to howl about a calamity eg 
a nor to gloss over the trouble but patiently and carefully to get to the bottom +a 
= _ of the situation—and try to plan for the e removal of the basic causes of id a 


ee ‘oi Many things have been accomplished by the , Government since the Presi- 
_ dent made this statement but the — causes of the “ serious difficulty” of — 
‘Between 1932 an and 1938 the railroad situation, except for a a slight flurry 
‘ in the early part of 1937, got continuously worse and on April 11, 1938, the a 
- President i in a 1 a special message to Congress* declared: “Immediate legislation _ 

= is, I believe, necessary at this session in order to prevent s serious financial and __ 

operating difficulties between now and the convening of the next Congress. me 
zm However, in a recent ‘Fireside Chat’’ to the people over the radio, x4 

_ President complained to his audience that: “The Congress also failed to meet 
- ‘ my suggestion that it take the far-reaching steps necessary to put the railroads — i 
4 of the country back on their feet.” 
In spite of the request of the President for relief and in spite 
a ‘. of the appropriation by this same Congress of between $4 000 000 000 and ae 
$5000 000 000 for various public works, which undoubtedly will include 
further construction of highways, waterways, end airways, nothing was done 
about the relief to the railroads which the President said was so greatly needed. Me 
However, ‘in June, 1938, this same Congress” did find time to pass’ ‘special 
legislation for the railway employees. 
Consolidation and Co-Ordination —The questions of ¢0- 

ordination, ‘and | competition are always foremost in any discussion of 


railroad situation. Personally, the writer is opposed to consolidation when 


: carried to the extent of building up such large e organizations that they lose the — 
sense of personal management. There are undoubtedly cases where further _ A 


- consolidation may be desirable, but these should be studied as individual 
Cases rather than on the basis of some arbitrary plan for the grouping of all 
railroads of the country, or of some section of the country 


Co-ordination is being developed between the railways and the highways, be 


waterways, and airways. The experience of Federal Co-Ordinator of 

_ Transport, however, has shown that this is no one-man job; probably it must M 

_ be developed : along the lines of natural growth—in other words, by the. Ameri- 

can 1 method rather than that of governmental paternalisr ii 
_ Competition Competition has two aspects. In one sense ‘competition 
waste, inasmuch as it involves the use of duplicated facilities, but, in the case 

7 ) of the railroads, it is not as injurious or wasteful as it may seem on the surface. | 

The second aspect, which compensates fe for any ‘disadvantages of the first, 
is that competition is a healthy state for an industry such as railroad transpor- — 
_ tation, which depends so much on the human element which, in turn, , competi- ; 

fe tion tends to keep alert. There is certainly competition in commercial highway q 
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transportation and in commercial aviation. It would be wise to continue 
reasonable competition in the railway field. bai haban’ mie 
Ina review of the railway situation n presented to the Alumni Association 
of the Harvard Business School on June 17, 1938, Mr. Eastman referred to 
the va various “schoo 
f the railways: which he said were sick, financially speaking, and are the 
subject of general and grave concern. 
‘yd He referred to the school of thought that believes that the solution of the 
- problem is to be found in putting the capitalization of the companies “through — 
_ the wringer’; another school believes in raising rates and fares; and another _ 
believes that the entire trouble is that of wages and working conditions. pate 
p Bud He emphasizes the fallacies of the first two and says of the third that 
although drastic changes in the wage scale are not feasible, he does believe 
that , adjustments are necessary. _ He finally expresses the belief that, in view 


ous 


: transportation is a “function of the State,” essential to the welfare and well- 

q being of the entire community, the Government must play a more active part = 
in the field of planning, promotion, and prevention. 


what i is ‘the answer to all the for foregoing They all revolve 


about one question—advances in transportation. The railways are clearly — 
_ the largest factor, and it is evident that they must ‘be maintained in that 
‘position if the country is to continue to prosper and if general industry i is to be 
served. Nevertheless, the railroad industry, on the whole, is going backward | 
“instead of adv ‘this is 1 not due, in n degree, to the present 


The labor needs adjustment. If, ‘Tailways must | et 
with other industries for business they should be - allowed ‘to compete and 
“sink or swim” ’ by their own efforts as other businesses must, and this need By 
involve indiscriminate “throat cutting” on rates. Ne 

ve The writer has avoided the mention of taxes because it is too big a ‘subject ’ o 
for the scope of the paper; but taxes are growing ever r larger. it seems as if ’ 
the tax structure 1 might well be adjusted; but there are re many o opinions about — e Con 
that and, in any event, it will add little to the present thesis t to. do more than 7 mt 

mention i it as a factor in the situation. 
fe Government to Furnish Capital and Credit to Railways. —In the 1 matter of ae 

‘capital needs and credit, the railways should be placed on an equality with be -. 

_ highways, airw ays, , and waterw ays, and they should have the full advantage of 3 i 

— Gov ernment credit and the supply of Government funds for their necessary — 
en progress. If If this is done the Government should be in the 


‘same position as to railways ) properties that it is to the am that i 
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after existing funded has been taken care of. 
Investments that are not legal for savings banks are usually not legal for _ 
_ insurance companies and insurance companies are large holders of railway 
securities. This, then, is is not a a question of a few powerful and affluent bankers, 


insurance policy, | and that means nearly all the ordinary, every-day, plain 
 _‘The loaning of Government credit and capital to ‘these people i is at least 
_ as much justified as is the loaning of Government money to the manufacturers — 
of “automobiles, gasoline, and oil, through | the construction of highways on 
which the automobiles may run and the gasoline and oil may be used. 
_ There seems to be ample precedent for the extension of Government credit - 
and the making « of Government loans to the r railways, and if the railroads are ? 
- to avoid the Government ownership and operation to which the President — [ 
4 ‘says he is opposed, there i is little else that thatcanbedone. 2 — | 
There seems to be no o valid argument against | ‘maintaining the present 
- financial structures intact and subject to the orderly processes of present 
re-organization proceedings. Railroads have been “shaken down,” their = | 
weaknesses have ‘been exposed, so some non-useful and non-profitable services 
are being abandoned. The President of the United States has spoken very we 
strongly against Government ownership and operation. Viewing the trans- 
i system of the United States as a whole, therefore, it seems reasonable 
that, in the matter of credit and capital, the Government, should put wed 
_ tailways on a par with the highways, waterways, and airways, and then let 


run their own business with a minimum of ‘regulation and 
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Mitton Harris,” Assoc. M. Am. Soc. C. E. (by letter)—The rise and 2 
fall of the American railroad has been treated very thoroughly by Mr. Lavis. 


- “After justifying the railroad as the major national transportation facility for ye 
freight and showing the relationship of transport to 


Improvement i in transportation facilities, he notes, has been largely financed - 
_by Government aid, except that railroads have not been a beneficiary (of late), 
but have been beset by governmental regulations as to taxes, rates, and wages. 
The solution, according to Mr. Lavis, is Federal aid to put the railroads on a 
with Government-financed highways, waterways, and airways. 
‘In drawing the deplorable picture of the condition of the railroads of the 
United States, Mr. Lavis has omitted one vital figure that stalks the background beg 
i the beginning of railroad history. To-day, this figure stands out as the ; 


foremost agent responsible for “sick” railroads. — That figure ‘is “management. a 
This word may be subdivided into financial and operations management; the - 
‘first is under indictment, and the latter is responsible for the finest system of — 
Management that bred the expression ‘ ‘the pu public be damned’ ’ soon led 
os self-same public to devise regulations to protect their own interests from 
he , depredations of voracious financiers who were not aware that ; they were in 7 
; and rail transportation. — The highways are not listed on the stock exchange. = . 
True, they are in many cases under the control of of political pressure groups, but “ 
those groups, by their own greedy tactics, are soon ousted, and it is a fair a 
of progress that highway engineers are now becoming aware of their heritage os, 
in that they are becoming “‘traffic-minded”— —that } highways are not merely — 
pavements, structures, and grading qu quantities, but are vital elements: of the 
problem and should be so designed and operated that 
he About 20 or r 25 yr ago railroad managements were presented with many, many, — 
: many miles of feeder road-bed. It was laid in their laps practically free of cost 
and all they were asked to do was to provide the rolling stock. _ Because these — 
4 _ short-sighted gentlemen could see no ballast, ties, or rail winding into the hinter- 
B: land, they lay back and allowed a younger, keener breed of executives to popu- pes 5 
late the highways with trucks and buses that stole the short- haul 


a At one time in ‘their history, it w was the very least of their troubles; 
3 but unredeemed bond i Issues, structures, plant, and equipment that have paid 
themselves out: many times over, but still appear on the books as capital 
- investment. (combined with resulting inflexible rate structures forced on the 
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HARRIS: ON TRANSPORTATION 
-. railroads into a “balled up mess of red tape.’ r Money will not cut the way 7 


4 except in the hands of modern executives who realize the place of the railroad 
in modern transportation scheme and can 80 ) co-ordinate that element to 


- fathers did. Ne ew blood is needed—new thoughts and the hin of the 
‘sciences. How many college graduates” do- the r: ‘railroads absorb: 
- men ‘that other major industries sock so avidly? Where are the railroad re- 
search laboratories? What contributions have the railroads recently made to 
- ~ civilization where the crying need of the hour is more economical distribution _ 
all These are the questions to be answered by railroad management. With : a 
_ transfusion of modern executive blood into its is system, and a lightening of 
*< governmental regulation, the railroad problem will fit itself quietly into the 


— complete transportation picture and its financial worries will not affect civi 


ran 


life to the extent that they do at present. _ That the railroad has a definite 5: 


_ place in the distributive system, no one can deny, but until railroad executives 
5 realize that they are in the transportation business instead « of in the railroad i. 
_ business, Federal monetary aid to help them in their dilemma will merely be ¥ 
“pouring | sand down a rat hole.” ic Reference | to Table 3 will clarify this view. 
‘TABLE 3.—STaTEMENT No. 53 OF ‘THE REPORT oF 
THE OF IN THE UNITED STATES 


1936 BUREAU OF Statistic IN Doutars 


Investment i in 
road and equip- 


372 858.000 
22 182 267 000 
23 217 209 000 
| 23880740000 
24 453 871 000 
24875984000 
465 036 000 
051 000 000 
094 899 000 
26 086 991 000 
25.901 962 000 
25 681 608 000 
25 500 465 000 
25 432 388 000 


Net capitalization 


589000000 
14 162 000 000 
14 105 000 000 i 
14192 000.000 
951 000 000 137 000 000 
13904000000 18511000000 
14065000000 | 
248.000 000 
14 264000000 | 18941000000 
14723000000 | 18894000000 
14 624000000 | 18831000000 
14532000000 | 18653000000 
13974 000 000 
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; 
point. The st sum Columns (3), (4), (5) (Table 3) the: total railroad 
- capital: outstanding. Careful year-by-year study of the relationship of the 
_ elements of capitalization against book value » should indicate the mortgage that 


railroad management has allowed to accrue against their plant without change 
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— 1 937 000 000 
— 1 925 000 000 
di mir 4997 1 980 000 000 
2.034 000 000 
= 2 065 000 000 
— 000 000 | 2074 000 000 
000 000 | 2 049 000 000 
— 4982 000 000 | 2047 000 000 
000 000 | 2042 000 000 
1934 000 000 | 2044 000 000 
— 000 000 | 2.036 000 000 
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in their operating methods. . The heritage of past financial evils rides the rail- pe 
= ai ‘The railroads pioneered the opening of vast domains of natural resources 


* of virgin country which were soon settled and producing traffic which increased a) 
with the years. Then came stabilization population and followed 


‘Highway transport filled this need to a certain extent and decetteciladiien of 
industry followed to decrease further the rail revenues. As a result there may 
q be a surplus | of rail facilities, as Mr. Lavis states, but is that a reason why the © 
or taxpayer should be forced to keep these dying tentacles alive? 


on and replace it with a cheaper form of transportation plant? Possibly 
~ this would lead to a profitable organization, selling transportation at the lowest — 
—_ value by using the railroads as a uaede and the more profitable a 
_ self- sustaining highways as feeders, aided by pipe lines, airways, and water of 
_ transport, all co-ordinated and consolidated into a national transportation —— 


Bopp,” M. Am. Soc. C. E. (by letter).—The pity is that the infor- 


in Mr. Lavis’ paper cannot be more widely disseminated and brought 
home to the general public. 8 Lack of general understanding of the facts, sO 


Many thoughtful persons believe that substantial portions of the 


nearly o one-half did not earn expenses and taxes in ‘1938, 
_ about nine-tenths failed to earn taxes, operating expenses, and fixed charges, 
only about one-tenth earned anything for improvements or dividends. 
Education of the public. must come from the disinterested studies of 
pasate experts and not from the clamor of minority pregeure groups which 


da Mr. Lavis’ ‘suggestion that there should be intensive and centralized re- 3 


- search will meet with general approval, but more research is now (1939) I being, 7 
conducted than 1 is is generally Tecognized. ‘The Association of American ‘Rail- 


"appointing. of steam and Diesel locomotives, manufacturers 
cars, s, machinery, and supplies, and the individual have contributed 


Pa that Diesel engines coms not te progressed much beyond the experi- 
‘mental. stage for general ‘railroad traction. _ The Diesels have demonstrated 
_ their efficiency and economy in switching service and i in passenger train service, 

expecially on long-« distance high-speed schedules. Coincidentally, the newer 


steam locomotives are “greatly improved in and capacity. Recently 
¥ "some very remarkable results have been obtained by the use of motion sawsaasay 


Pres., C. B. & Q. R. B., Chicago, 


» = 


_ 
— 
— 
| 4 
| — 
at 
ments in railways already have been confiscated through low rates an 
a 
— 
— 
“a 
a = 


in of ‘‘pound” on track by locomotive driving wheels at high speeds— 
either actual or slippage speeds. Space forbids enumeration of the many 
-_- provements that have been made possible in the last few years by intensive _ 
* study and research. The daily operation of about 240000 miles of sedleouh 
"prov ides a laboratory i in which a vast total of improved methods and doviety att 
~ are being developed all the time. _ Much of this development is not spectacular _ 
_ or widely publicized, but it is going on day in and day out as the result of the | 
_ thought and ingenuity which hundreds of railway engineers are devoting to 
As Mr. Lavis states, there is no lack of bowling: knowledge, or engineering & 
_ and scientific ability ; what i is needed is money. It would be a splendid thing — 
if the railroads’ could afford to establish a nation-wide railway laboratory, i in ed 
charge of a staff of skilled engineers. However, there are several financial — a ‘ 
dl aspects of that problem. Iti is not alone the initial cost of establishing such a sa 
research laboratory, or the ex expense of maintaining it, which makes such an > > 
_ investment difficult under the present financial condition of the railroads; the _ 
“utilisation of improvements frequently is disappointing from the standpoint 
he of direct financial return on the investment. For one thing, there : are many — 
ae.) archaic rules respecting pay and working conditions which are so little adaptable — 


; a _ to improved devices that no actual saving can be accomplished thereby. | The bt 


development of new devices and of light-we eight ‘metal alloys. of great strength a 
has opened new vistas of building, and operating, light-weight locomotives end 
~ ears, which would reduce t the ratio of dead weight to total train weight, reduce 


wear and tear on ‘roadway and r rolling stock, and permit faster and 


am 


- cannot be scrapped immediately and replacements can be made only gradually. 

In the public: interest it is desirable to make such replacements largely through | 
depreciation accounts rather than by increasing capital accounts. To do 
_ this within a reasonable time ‘requires a higher standard of earnings than has’ j 


operation. However, existing equipment which is in serviceable condition 


been permitted to the railroads in the past. Frequently there are oppor- — 
tunities for the railroads to make expenditures to take advantage of new ideas, — oA 
_ with prospect +t of large return upon the e investment; but as investments in rail- — ; 
_ roads already a are so large, and the return so ‘meager, conservative ‘management — 
a _ cannot consistently take any unnecessary risk with the capital available. If | 
: priv ate e enterprise is to provide necessary funds with which to take advantage of 4 
oo _ improvements and developments in railroading, there must be greater ‘prospect: 
than i in the past that those investing the money will have some chance to share _ 


in the benefit of the improvements. It is not enough that the shippers and i e 


Some part of earnings must be paid for the use of money which makes 
earnings possible. Equipment trust certificates, at relatively low rates of 
oi interest, are well regarded by investors because they carry ‘reasonable assurance _ 
Mr. Lavis suggests that the Government should ‘provide funds for the 
- rehabilitation of the railroads, either by loans (see heading, ‘The Solution: 
Government to Furnish Capital and Credit to Railways’) or by gifts (heading, 


Money Question: Government Funds and 4 For number 
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years the railroads borrowing money from the Government, chiefly 
through the Reconstruction Finance Corporation, and such loans, designed to y. 
* over railroads that could not obtain money elsewhere, have been of great __ 

- assistance; but such loans are merely temporary assistance—not a eure. In OS 

go far as the aggregate of railroad debt is increased in that manner, the day of 
reckoning i is simply postponed ; and, ordinarily, i increasing the debt load reduces 7 
Mr. Lavis makes a plausible statement of reasons why the Government well — 

_ night grant the railroads a subsidy of several billions of dollars, in view of the 4 


be solved by reducing fixed charges through writing off losses of investors, ie. 
_ by Government loans without interest, nor by subsidies, unless it is to be solved — 
a through 1 resort to Government ownership. u If investors are to put new money : 
into the railroad industry, what is needed is an increase in net railway operating © 
_ income and elimination of f unnecessary expenditures, ni not devices for for expediting — m 
To increase net railway operating income, the rate-making rule of the | 
Transportation Act of 1920, which was practically eliminated by the Act of _ 
1933, should be restored. In substance, thé 1920 rate-making rule directed the 
Interstate Commerce Commission, in regulating rates, to permit the carriers : 
4 as a whole, or in groups selected by the Commission, to earn an a 7 
annual net railway operating income equal to a fair return on the aerate . 
value of the railway property used in transportation. In 1933, the statute a 4 
_ changed so as to omit this definite requirement and to instruct the Commission ae 
to give due consideration, among z other factors, to the effect of rates on the By a. 
- movement of traffic. This new provision has been interpreted by the Commis- __ 
sion as a direction to consider many matters aside from transportation condi- 
tions in determining the reasonableness of rates, and to substitute its own 
_ judgment for the judgment of the railroads on the question of whether or a's Se : 
increased rates will yield i increased revenue. construction in effect t puts 


the Commission in the | position of business manager of the railroads, passing ‘ 
. Bt. upon the question of what rates will or will not promote the move- = fal 
@ ment of traffic, which is essentially a matter for determination by those who — 
‘< responsible for the management of the railroads. ‘The Commission has 1 no 

direct contact with the subject and can reach its conclusions only on i 
ee expressed by witnesses before | it; in many instances / these witnesses 


‘The 


Me _ appreciably reduce the volume of ‘traffic on th the railroads and, even if they should Pn 
cei _ ‘make such a , mistake, they are the ones who must bear the responsibility for the 
| results of railroad operation. The law should be amended so as to restore the ~ 


railroad managements would not propose rates which they thought would 
5 


1920 direction to the ‘Commission to to regulate 1 rates i in such @ manner as to 
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writer does not think that Government subsidy should be considered as any- Bee: 
thing but a last resort. The capitalization of the railroads as a ‘<= 
the valuations made by the Interstate Commerce Commission and, on the 
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sion. 


| 
railroads legitimately, wad as repeal of the so-called “land grants” 
‘7 4 whieh now give the Federal Government practically 50% reduction on a large et 
‘>= 4 volume of traffic, and repeal of the “long-and-short haul clause” of the Inter- _ 
‘state Commerce Act. = These, and other proposals, would be of substantial | 


assistance to the railroads in their pre present struggle with unregulated and sub- 
ul sidized competition ; but the most important single legislative step which should — 4 
, a be taken at once is the restoration of the 1920 rate-making rule, which would a 
- give the railroads a chance to exercise their best judgment to increase their 
Ea a net. railw ay i income by such rates as the Commission might approve as ; 


3 it is necessary to attract capital, and that depends upon ability to pay interest. He F 
oo rate of retirement of old equipment is to some extent dependent on the 
depreciation charges which earnings will stand. The railroads must earn more a 
_ money before they can eliminate many unnecessary expenditures of this type. ke, 
: ae: Another class of unnecessary expenditures, of an unproductive character, — 
ae is for separation of highway grade crossings, for the principal benefit of wae 
: on the highways; increasing the size of railroad bridge openings, for the benefit 


of traffic on waterways, and special assessments for municipal street paving, cae 

drainage, and other local improvements. Mention of such enforced contribu- 

tions for structures and improvements of a local nature leads to the thought of 


Pa 


State, county, city, town, village, school, park, library, and other purposes. oe 
ks taxation is too large a subject for this kind of discussion. Of course, — 

_ the railroads should contribute their fair proportion of the cost of Government, __ 
but it is ranerecse that the burdens of taxation ‘should we distributed equally. to 


‘ 
= 


cause of unnecessary expenditure is found in the 
tons: respecting rates of pay and working conditions in railway service. The — a 
‘agreements with the railway labor organizations have not been adapted to 
changed conditions, and their ir application results in some instances in exorbitant _ 
payments and, in others, payments far greater than the industry can 
““Make-work”’ laws, limiting length of trains, size of crews, etc., are of like e, 
One ‘of the few railroad questions upon which the writer seems to differ — wai 
with Mr. -Lavis is that of consolidation; perhaps the two views are not 80 a 


divergent. Mr. Lavis is 8 opposed t to consolidation when carried t to the extent 


- management, and he expresses approval of reasonable competition in the rail- — 


way field. With these general | expressions the writer is in full agreement, 


i although there might be a difference of opinion as to the precise number of | 
consolidated systems. In England a li little more 20 000 tniles of f railroads 
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were consolidated into four systems. In the United States approximately — ‘ae 
240 000 miles of road were disposed of in eighteen systems in the final consolida-— o- 44 
tion plan of the Commission. Reducing the number of railroads to ae.” 
eighteen or twenty would eliminate a tremendous amount of over-head organi- 
gation, would enable traffic to be concentrated on the most favorable routes, 
using the best parts of the several lines as they now exist, and would automati- ‘i, 
cally bring about the most desirable type of co-ordination of terminals—that is, — 
co-ordination i in a few strong ownerships. The beneficial features of competi- 
tion would be preserved and enhanced, because a relatively few strong — ; : 
able and willing to give good service, would i insure a higher quality of competi- 
tion than could be obtained from too many lines, competing ; with each other a 
_and weakening each other by excessive competition, and unable to use nd 
facilities to capacity. Capital costs would be reduced. All of the indis i. 
-_pensable advantages of private operation would be preserved. pe 


> 


and the railroads in this country now have the so-called Washington Agreement _ 
te the railroad Brotherhoods providing for payment of a “dismissal wage” in — 


officers and employees. In | England, provisions were made for their protection, 


case of consolidations. Undoubtedly, some reasonable provision could be — a 
‘. made to avoid turning any man out on the street. - Although the cost of such 


provision might postpone for a few years the full economies to be derived from Fi oz 


consolidation, the problem is not so large as might be imagined. Mr. Leslie 
Craven states” that if the railroads were consolidated into seven or eight 
- major systems, it is probable that about 75000 men would lose their jobs; — ‘e 
whereas, from July, 1937, to June, 1938, railway employment decreased f from 
q 000 to 914 000, or by 260000 men. 


L. ALFRED Jenny,” M. AM. Soc. ‘Ez. (by letter) railroad 


isa 


wil to be, the major transportation medium. national 
: eee “wo ould be very y valuable. . Much could be accomplished by the use of 
lighter and more modern equipment. ¥ Certainly something must be done to : 
‘Save the railroad industry. The writer does. not agree with some of Mr. 
-Lavis’ conclusions, however, or ‘the solution he offers. He: agrees with the 
general diagnosis, but disagrees on the cure. 


‘Are M any of Our Railroads Over-capitalized?—Mr. Lavis maintains that the 
; railroads of the United States are not over-capitalized, and he thinks it is not 


necessary to put many of them “through the wringer.’ There are many a ; 


4 


schools of thought on this subject, and it all depends ‘upon the | standard — 
which the capital structure is judged. ‘If itis judged on . the basis of valuation 
for certain periods, then many capital structures compare favorably; but it is 7 


ity 
and future potential ¢ earning pow er of the property. 


_ Abundant examples are available of industrial plants built to meet in- 
"creasing demands for their product, which could not even be duplicated to-day oa 


mas Railroads Under Pressure,” by Leslie Craven, Atlantic Monthly, November, 1938. , 


course, large-scale consolidations would reduce the number of railroad 
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for the price paid originally, but : whieh | now very value, wet from: 
_ physical point of view, but because they are being operated only at a fraction — 
of their possible capacity, and because there appears little chance of operating 
fully again. These industrialists have long since taken their losses and have 
_ written off a very substantial portion of the original investment. = 
__ The argument may be raised that one cannot compare an industrial aro 
with a railroad; perhaps not. The railroad picture is even worse, because the 
industrialist can close a part or all of his plant if need be, whereas the re 
- cannot, and, therefore, should have a | financial ‘structure that will enable it to” 4 


traffic and in a period when competition from other forms of transportation 
was negligible. with increasing competition, “many of them cannot 
possibly hope to operate to a capacity sufficient to compensate ae 

classes of investors. Many of these railroads have not even been able to pay 
interest charges or on income bonds during good years, when there was very very little =a 
_ other competition, to say nothing of payments on the preferred or common e. 
Stock, In fact, there have been many bankruptcies « even during prosperous ou 
years. vi The common stock has received improper consideration in many any 
 instances—a very unfair procedure pit? ino dow 
_ Ifa railroad is properly capitalized it should be able to pay a fair return on 
all classes of securities (even on the common _ stock) during prosperous times. 
_ If it cannot do that, it is difficult to understand how one may claim that it was — 
not over- -capitalized, or that it was not necessary to reduce its capital structure 
to such an extent as. to permit a reasonable return for all classes of security is 
holders in good times. The Interstate Commerce Commission has stated that, _ 
in general, the railroads j are ‘not over- ~capitalized. _ The writer believes that this 

was based on the valuations; y yet the wants to reduce A 

fixed obligations drastically; i in many instances it has held that the common _ 
stock had no value and has recommended that these securities be climinated a . 
from consideration i in reorganization ‘proceedings. that is not evidence of 
_ over-capitalization, one may ask, ‘What is?” Many railroads are, in fact, a 
‘ _ over- -capitalized and many of them must be put ‘ “through the wringer’ in order ag 

+" to effect a cure and not merely a a palliative which perpetuates a diseased body a 
and even adds new complications. One of the fundamental difficulties of the a 
4 carriers is that so ‘many of them have been continually | adding new ‘security | 
issues to meet new requirements and, instead of following a balanced program 

of cancellation when they became due, have resorted to the policy of refunding. 


Although many of them had it 


WAX < 


Federal Loans.—Mr. ‘Lavisi is in favor of and the 


"making of Government loans to the carriers; and he states (see heading, 
Solution: Government to Furnish Capital and Credit to Railways”), “if 
_ the railroads are to avoid Government ownership and operation to which the we ' 
_ President says he i is opposed, there is little else that can be done.” Here too 
7 A there are many ‘schools of thought; but one may ask s seriously how it is expected. 


ar 3 to — these loans, or even to pay interest on them, if no drastic measures are ; 
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taken at the same time to revamp the entire re industry and “put it on its 3 feet. 
a homer the circumstances, such loans will only add to the financial woes of te 


‘Lavis hopes to avoid. It is ; probably true that the Government will have oo 
extend credit to the railroads and make substantial loans to rehabilita- 


j M states that the deferred maintenance at 

re the end of 1937 was estimated to be approximately o one billion dollars. The — 

writer believes that it was more than that, based upon a study in which he 

te compared the maintenance costs of the five years, 1932-1936, inclusive, w with © 

_ As the cost per equated ton-mile was deemed to offer the best relative com- _ 

; parison, that method was used. It is fully appreciated, however, that some K 
labor-saving devices have been installed in recent years which did not exist 
during the late twenties, and that some processes have been developed for _ 

i extending the lives of rails, ties, ete., and that these have somewhat reduced © “ae 

4 the cost of comparable : maintenance. By ‘making a a direct comparison between = 
say, 1925-1929 and 1932-1936, the resultant value, therefore, would tend to 

_ show a slightly greater sum for deferred maintenance than actually existed. 

_ In order to be conservative, and in some way to compensate for this condition, ae 
_ the first two depression years, 1930 and 1931, were added to the base period. 

* iis introduced an equalization factor of about 10%, or, in other words, the J 
resultant value, covering all maintenance expenditures including ms materials, 

- ete., is about 10% less than it would be if the years 1925-1929 were used as the . 

The result of that study, and on the basis’ outlined, is shown in Table. 

The total under-maintenance on Class 1 railroads, alone, for the five depression A. 


Mmas FP Toran FOR THE Five Yzars, 1932 To 1936, 


q 
East- South bg Total | Southern weak’ 


ay and structure 0.42 0.33 | 0.36 | 0.380 | 283 400 000 14 300 000 191 800 000) 589 500 000° : 
0.27 0.14 | 0.185 | 182 100000} 48500000) 58 600 000} 289 200 


465 500 000} 162 800 000 250 400 000 878 700 000 


years, 1932-1936, has reached the : staggering sum of nearly 900 million dollars 

and if Class 2 and 3 railroads, and switching and terminal companies are 
added, the total will be much greater. . If 1937 and 1938 are added, it is believed } 
that the total for deferred maintenance will be nearly 1}4 billion dollars. enw "lee 
__ If the deferred maintenance was estimated to be about 1 billion dollars at 


the end of 1937, it would tt be about 1 4 billion dollars to-day (1939) © 
on that basis. 
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“How | is it to be met?” one can give the answer at this’ 
_— 4 thing is certain: It will represent a staggering sum, a “millstone around the f : ™ 
: on ecks”” of these carriers which, for an indefinite period, will prevent them from oF a. 
enjoying even a relative economic freedom, so essential to the up-building and 
“4 stabilization of that industry, and which will greatly retard the rehabilitation a 7 al 
_. When it is considered that some of these railroads have maintained | their ol 
; uf properties along a higher standard than others, it must be obvious that some | _, 
A , 4 carriers will be found to be below the average standard of the district. Such tl 
_@ continued under-maintenance is certain to become dangerous if prompt : 


measures are not taken to obtain anearly remedy. on 
‘It must be obvious from this that maintenance costs in the future, at pr 
a for many years to come, will be more, instead of less, than in the past, and that 
4 if any operating savings are to be made they must be made in other ways than 
4 at the expense of proper and adequate maintenance. yen 
_ Labor.—The United States has not been immune from the surges o of varying 


Philosophies going i in one direction or another, and there has been a sconsiderable | 


the emancipation n of labor; others call it by a less. euphemistie ne name. 
‘ ever it may be called, it is something to conjure with. It cannot be disregarded. 
- ‘The proper thing to do > would | seem to be to Tecognize its existence and ae 
in directing it along sound, equitable, and democratic lines. mn 
ha’ In reviewing the railroad situation the labor problem must be 
considered seriously, particularly i in its effect upon possible future net earnings. 
4 - During low traffic periods in the past, the railroads were able to reduce wages a 


thus reduce operating costs, resulting i in more 
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fore, bear some aviation to the of the carrier. It seems doubtful if 
a procedure can be followed in the 
The 1938 decision in regard to the reduction of 15% in ‘Tailway v wages. 
isa “shining example” of this changed philosophy. No one ‘can deny that 
this decision will have a tremendous and far- reaching effect upon the future 
of the railroad industry. Only a few years ago, and under similar economic 
duress, railway labor would have been almost certain to lose, or at best effect 


7 _ @ compromise. Failure to recognize this condition can only result in dis- 


~The railroads had estimated a a net saving of about 250 million dollars 4 


9 annually with the 15% wage reduction they had asked for, and they stated = 
_ frankly that, if such a reduction were not made, ‘serious consequences would ks 
result. No reduction has been 1 made, and there. appears to be little likelihood 
that any will be made, of sufficient importance ta have any material effect — nz 
upon the net operating returns of the carriers. 
ia, Railroads must be prepared, therefore, to effect important sa savings in other x 
- ways because the carriers cannet continue to function properly under the exist- _ 
tq ing heavy burden of expenses. Some people have suggested a profit-sharing = 
Me plan for labor as a possible solution. It would have the effect of providing an 
factor, with the of the carrier. It van well 
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the stockholder the fruits « of a a more > day. 
The Problem.—The problem that confronts the nation is much 
4 and much more deeply rooted than what is commonly referred to as the ‘ ‘rail- 
road problem.” In order to grasp this fact fully it is necessary to review some 
of the underlying factors briefly. With few exceptions the railroads were built : . 
private capital. They enjoyed a monopoly on transportation and at- 
tracted great sums of money for new construction to meet an expanding trade. rm 
“Although the inland waterways, developed at public expense, had long pre-— 
_ dated the railroads, they offered no formidable competition, particularly with — 
5 reference to the growing transcontinental traffic. Then the Government built 
- the Panama Canal, at public expense, and this project detracted great tonnages — 
from the transcontinental } railroads: of the United ‘States. Not only is that 
tonnage lost, but the diversion is increasing. boats 
Ee: _ New ports were established, at public expense, along the Gulf of Mexico, am 
and much of the rail tonnage, particularly | between Texas and Louisiana and ic” 
the Eastern seaboard, is now (1939) handled by coastwise shipping, in which 
batts Pipe lines were then built, taking the oil away from the railroads. In — e 
addition to losing the oil business this development has had the effect of sub- 
: stituting oil for coal in many fields. As coal is one of the most profitable _ 
re commodities, this trend has reduced railroad revenues seriously. ronymt 
Large-scale highway developments were made necessary by the introduction 
of the automobile. They were built at public expense, and passenger and > 
freight-carrying vehicles, both public and private, were permitted to operate 
over them in competition with the railroads. This : agency has proved to be — 
ly far the most serious competitor of the carriers. In addition, it has made 


“oe 


q 


“thus not only reducing car carrier income, but i increasing outgo. 


<i no traffic arteries had to be built, with perhaps the exception of beacons, = 
_ airplane too began to compete over public facilities. 


‘The truck and the bus are, in fact, making such inroads upon the carriers, aa _ nf 


in so far as traffic within a radius of a few hundred miles is concerned, as to 
- remove, completely, any necessity for demanding, in addition to that, competi- _ pas 
- tion between the carriers. — _ The airplane, on the other hand, is making heavy 7 co 
inroads on the ‘preferred merchandise traffic, Pi, 
creating a natural competition for that class of business. The coastwise — <a 
- shipping i is handling i increasing tonnages of a very desirable class of bulk trans- ‘ 
erin traffic and in recent years has cut heavily into the profitable “a 


refrigerator business, thus creating a natural competition for —_ class of 


4 


ele of the aforementioned forms of competition are here to stay. — The 

Sinan sought in early legislation has been largely, if not completely, _ 

by other forms of the railroads to the 


$i ___he that a solution along these lines could be effected which would establish a —_ — 
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private operation over these facilities. Under consolida- 


Here again, however, other factors are working against the ‘The | 
nation has witnessed a formidable movement, decentralizing important indus- 
~ tries and establishing manufacturing plants close to the sources of supply, thus 
_ greatly and permanently reducing the profitable long-distance railroad ship- 
_ ments of raw materials and finished products, previously enjoyed by | the rail- 
roads. Not only has this seriously reduced railroad traffic, but a considerable ie it 
"4 percentage of the traffic that would remain has been taken away by the trucks. | 
— of these elements must be considered seriously, | entirely apart from me 7 
present: reduction in net railroad revenues due to a reduced volume of business 
4 because of the depression, lower rates, and higher wages. The depression = 
a! —_— one of ees ji elements contributing to the present plight of of the railroads” 


7 home to provide either | railroad lines or terminals, or both; it it would have © 


- tions it would be possible, at least, to have new consolidated terminal facilities 


owned by the public and leased to carriers fot for private ‘operation. This» 
_ improvement would save e the railroads large sums annually and would still y 
_ permit the continuation of the principle of private ownership and operation. pe 4 


a. Ith has been 1 suggested th that transportation companies pee organized to supply 


maintain it under this type of organization, as the vena and effective 
on types of competition would | be removed. However, there is considerable — 
_ opposition to ad type of organization, particularly by the pre present competitors — 


ee must be apparent that the problem whieh confronts the tennpievtiaienle 
‘4 industry, ¢ and which must be , solved effectively. and courageously, is far eae 
‘2 than the commonly accepted and circumscribed railroad problem. The scope 
and character of the solution required i is so far beyond the control of the rail 
roads that it is s impossible for them to attempt a solution alone. - Co-ordination 
and correlation of all forms of transportation, wherein each can labor witha 
certain degree of freedom within its own sphere, are essential to a sound solu- eo 
tion. . That “requires” centralized and authoritative direction ‘and impartial 
é _ The proper procedure i is to recognize all the foregoing basic elements and 


a sound, comprehensive plan i in the interest of the transportation 


under a Secretary of ‘Transportation; or a 
_ Transportation | . Authority, whose | duty it would be to effect a: a national ply 
of transportation looking toward a truly co-ordinated and correlated system — a | 

f transportation for both civil a and d military purposes, rege to promote a plan © 
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“Pe Thet term ‘ ‘military purposes” is included because, although much progress fo 
has been made in industrial mobilization for war, nothing has been done to — 
_ plan and organize properly the transportation system, which is the back-bone of = 
all military operations. _ The railroads should be prepared to superimpose | 
y upon civilian traffic, on a given day, the transportation of vast quantities of - 
raw materials and the finished products of these industrial plants and of the 
military forces and equipment, without causing a serious disarrangement of — 
- civil transportation requirements, or the possible collapse of the entire system. 7 
- other major country is as unprepared as the United States in this respect. - a 
_ Under the aforementioned plan all Federal regulatory functions, covering — 
% all fields of transportation, could then be entrusted to the Interstate Commerce — 
- Commission, with such added facilities and authority as may be needed. 
cae The writer’s views on this — subject, and particularly on the creation | 
“of a central Authority, are shared by many outstanding men in different — 
walks of life. W. J. Wilgus, Hon. M. Am. Soc. C. E., has frequently recom- 
_ mended?* such a central Authority as the only way to cope with this situation 
adequately. the report of the Coolidge-Smith Committee (1933), former 
Governor Alfred E. Smith recommended the creation of a Department of a 
Transportation in Washington, D. C. _ Similar opinions have been advanced | 
forcefully by Mr. W. M. ‘Wz | Splawn, Chairman of the Interstate ‘Commerce 
Commission?’ and (from a legal view) ‘Mr. Leslie Craven, who was for many 
years a railroad attorney representing various carriers in Washington.** This 
problem was w well on the road to a solution when the railroads frustrated their 
own salvation by having the office of Railroad Co-ordinator abolished. win 
) Sh Mr. Lavis seems to consider centralized planning for the improvement of 


& 


4 If railroads ‘solve this problem some centralized direction 
_ ~—many would no doubt agree with Mr. Lavis in principle, but since it must be 

F “obvi ious that the carriers cannot do so, it becomes anything but an un-American a; 

a procedure to help put this industry ‘‘on its feet” in the interest of the ctu “eB 


_ itself and the country at large . Transportation no longer can be viewed as an 
individual or a private dd because ‘it has tong since 


aave — 


tion that one of the fundamental factors, essential to sound and intelligent Pp 
planning, i is unbiased and objective thinking, freed from selfish consideration. ~ 
It must be solved in the interest of the transportation industry as a whole, not _ 
merely the railroads, and the economic well- being of the country in general. 
‘Under the aforementioned circumstances, and restricting comments to 
the railroad field, with about one-third of the ‘aliveal mileage in receivership on 
and with huge sums already advanced to them by the Government, it is 
} ‘difficult to understand how any one can 1 expect to ward off Government owner- . 
ship of the railroads unless some sound plan of general consolidation is advanced. a 
In fact, some of the foremost engineers, and even railroad and fiduciary officials, - . 
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— petition will probably be restricted o or r completely removed in n certain ; areas, i 
* _ under Government ownership, uniess some effective plan can be devised for + 
_ private operation of publicly-owned systems, outside of political influence. Tn f 


8 ia! Railroad Consolidation .—In order to establish a co-ordinated and correlated — 
system of transportation in this country it is essential that each type of trans- yy 
_ Portation, or each system, be | given a certain sphere of activity which will — e 
enable it to “stand on its own feet.” What must be done to accomplish this : 
with the ‘There i is general agreement that one | of the fundamental 
‘a requirements is railroad consolidation. An vide shee ' 
1% _ Apparently, Mr. Lavis is in favor of permitting the carriers to make auch — 
voluntary consolidations as they may care to make without to some 
national plan. He believes in maintaining s 
- carriers and considers that as creating “a healthy state for an serene such as 4 
transportation” (heading “Suggested Remedies: Competition”), 


Again it must be said that there are many different schools of thought on a 


this subject and it would seem most important to give this matter serious — 
__” As stated previously herein, maintenance expenses will be relatively higher 
in the future, or it is most unlikely that railroad wages will be reduced, or i: 
at least sufficiently to have any appreciable effect upon the net income of oar 
the carriers. _ Therefore, railroads must look elsewhere for important savings. Bs 
_ Such consolidations as have been made in the past have not helped to — : 
‘f relieve those carriers that are most in need of assistance, because the strong . 
a + roads are unwilling to merge with the weak ones. The ultimate result of such 
a BS : a policy will be that the nation will find itself with many poor, broken-down ~ 


. - to be more chaos and more demands for Federal help, all a the expense of the 3 
+ _ taxpayer. It is not likely that the Government, irrespective of who may be a 
iy 4 in power, will continue to support these roads without demanding a sound = a 4 
__- reconstitution of the industry as a whole, and the absorption of the weak he a 
the strong, along some kind of national plan. 


esti There are several reasons why little progress has been made in the past by ; 


it 


_ the railroads, or can be made by them in the future, if the problem of consolida- 
4 tion is lef ‘tin n their hands without some fo form of f compulsion fc followi wing & . prescribed “1 


directed by an impartial outside Authority, will result in 
ag unsound consolidations. Many high railroad officials would find their positions 
“-s abolished, and it is only natural for them not to expedite, or even belittle, 
_ effective consolidations, although they well know that the industry as a whole 
_ would be greatly benefited. ‘Finally, present laws are inadequate to permit 
- really effective consolidations, because they are based upon the predicate that = 
strong competition be maintained, as between the carriers. out dy 
the forms of natural competition established, as ol 
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between wih railroads themselves, except Mid. 
‘Western points and the seaboard. The regions served by the railroads, and i 
— the country at t large, would be served to much better advantage by removing 
restrictions as to competition between the carriers and permitting regional _ 
consolidations of privately-owned and privately-operated systems. he 
entire country benefits from a stable transportation industry. ne 
In view of the many competing forms of transportation it must be obvious _ 
that the railroad plant, designed and built as the exclusive transport agency, 
now excess of needs of the people. Some o of the facilities can, 


are re essential to the e economic existence ‘of mai many | regions. has 


If the present policy of voluntary consolidations is it must be 
. Seaton that a fight for the “survival of the fittest” will result, which neither | 
the railroads, nor the cou! country. as a whole, can afford to do. It would result in I 
a _ profits by the few and a “falling by the wayside” of the many, unless, of course, — 7 
_ they are saved by the Government; but that i is not sound planning, not sound © 
; ane It would seem far better to plan a a sound solution than to sit 
back and await the inevitable, with resultant chaos, 
With increased” costs, and increasing competition, railroads of the United 
* ‘States, particularly the weak ones, would have to ask for rate increases at a 


2 time when a reduction in rates would have a most wholesome and far-reaching © a 
effect upon the entire economic structure of of the country. 
here it becomes necessary to abandon certain because of 
_ obsolescence of the plant, administrators must also take care of the consequent 
- obsolescence of man- power. If it is economically desirable to abandon certain 
Bc hi: carrier can give such labor protection as may be necessary and fair 


all. . That. should | be mandatory. It would not be a permanent burden. 


z program it should be stated that it will be necessary to create many new 7 7 

important consolidated railroad facilities, totaling many hundred millions of 
dln, particularly in terminal districts, giving work to scores of thousands of — 
“oo all over the country and greatly benefiting all basic industries. This 

* will largely, if not completely, offset losses of labor due to abandonments swhich, F 

7 after all, will | represent only ¢ a nominal percentage of the total railroad mileage. 

: Pp has been recommended | recently | that the railroads be relieved of certain S2 
obligations so that they can spend these savings, amounting to many hundred a aa) 
of dollars, for much needed improvements. As some of that ‘money 

4 _" would no doubt be wasted with a a proper plan of consolidation, w yhich is certain Ey 

to be adopted ultimately, it would seem prudent to proceed first with effective — 

consolidations and then make such adequate improvements as will serve such — bi 


4 


_- Under the e foregoing circumstances it would seem futile to expect any worth- 


while solution, ‘unless some central neutral authority is set up with 
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under the regional type of consolidation, the writer made a study of consoli- a) 
dating the railroads into six ‘regional systems. That study is presented herein, — 
not as an unalterable plan, but merely to show what could be | accomplished a 
under the type of plan recommended i in opposition to Mr. Lavis’ position with 
tt Since many regions have problems peculiarly their own, it is not difficult 
4 nn group these railroads in such a way as to have each region covered by such : 
a system. Thus the different carriers could be grouped effectively into 
“<3 North Eastern, Central | Eastern, South | Eastern, North W estern, Central — 
a Western, and South Western systems, herein referred to as Systems I, II, III, — 
: IV, V, and VI, respectively. All traffic within these systems would be handled a 
7 by that ous ayetemn,; but, as stated before, there should be competition | ina A! 
larger sense, such as providing, for instance, two competing lines between ae 
Mid- Western centers and the seaboard or between important, interior, in- 
4 dustrial centers. To establish such competition it will be necessary to provide __ 
* certain “bridge lines” reaching from one system into such important centers of Lae 
another system. This principle been followed herein in the allocation of 


4 railroads to the various s systems. bet ten principal Class 1 railroads tentativ ely 
to each of the six systems are as follows: vitor 
7 OL —North Eastern System: New York Central; Tilinois Central: Websshy 
4; i _ Pere Marquette; Erie; Boston and Maine; New York, Chicago and — 
ary St. Louis; Maine Central; Delaware, Lackawanna and Western; and 


9 Ul _—Central Eastern System: Pennsylvania; Baltimore and Ohio; Louisville 
Nashville; Chesapeake and Ohio; Reading; New York, New Haven 
and Hartford; Lehigh Valley; Western Maryl land; ‘Virginian; and 
Ill. —South Eastern System: Southern; | Atlantic 
BA Coast Line; Seaboard Air Line; Central of Georgia; Florida East 
te Yo shea Coast; “Yazoo and Mississippi Valley; Mobile and Ohio; Nashville, — 
and St. Louis; and Gulf, Mobile and Northern Railroads. 


- Ws Iv —North Western System: Chicago, Milwaukee, St. Paul and Pacific; — 
Chicago and North Western; Great Northern; Northern Pacific; 
Chicago, St. Paul, “Minneapolis and Omaha; Minneapolis and &t. 

Chicago Great Western; Spokane, Portland and Seattle; Duluth, 

ies -_ Missabe and Northern; and, Green Bay and Western Railroads. — 
V.—Central ‘Western System: ‘Atchison, Topeka and Santa Fe; Union 

Pacific; Chicago, Burlington and Quincy; Chicago, Rock Island and 
ae, Pacific: Denver and Rio Grande Western; Western Pacific; Colorado — 
as and Southern; Fort Worth and Denver City; Chicago, Rock Island 
_ and Gulf; and Northwestern Pacific 

8 —South Western System: Southern Pacific; Missouri Pacific; St. 
te San Francisco; Texas and New Orleans; Missouri- Kansas-Texas; 

St. Louis Southwestern; Kansas City Southern; Louisiana and Are 
kansas; Missouri and Arkansas; and Midland Valley Railroads. 
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doubt, a further stud dy the of ‘certain 
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JENNY ON TRANSPORTATION ‘DEVELOPMENTS 

access to Baltimore, Md. Either the New York, New ‘tthe and Hartford 

— Railroad may be allocated to System I or that system may be given one of the 


= coal carriers to Baltimore. | Such possibilities, however, dor not change the 
of regional systems. The regions covered by these sy ystems are shown ? 


a ‘The total miles of road, the investment in road and equipment, wer 
debt, income available for fixed charges, and the fixed charges for each of the “ti 
proposed six systems, as of the Interstate Commerce Commission Report for _ 
1936, are § shown in Table 5. Canadian o Mexican roads i in 
TABLE 5.—Mrxzaces, INVESTMENT, AND Fixep CHARGES OF ¥ 
THE PROPOSED Six GREAT Systems, IN OF 


NG (Exclusive of Foreign- Owned Roads) | 


System Miles road and equipment debt fixed charges 


| 4109.72 474.61 >: 158.05 


| 36098 | 226987 | 1064.76 62.46 
43 633 2922.74 | 1658.71 80.61 
587 | (2617.27 | 1780.07 104.27 = (109.92 
Total} 252182 | 1991020 | 1106946 | 878.37 676.16 


Table 5 5 includes all of Classes I, II, III, and switching and terminal rail- 
es 3 Income available for fixed charges (Column (4), ‘Table 5) was not 
eported for Classes switching and terminal roads; net pres 
It is racticall impossible to have these s stems so created as to a 
Ly each the same mileage and the same income. It m may be s seen, however, that Ee 
fair balance has been achieved in thislimited study, 
With this plan, and even with many existing top-heavy financial structures 
and consequent heavy fixed charges, the fixed charges would have been earned Me. : 
in 1936, 1.27 times for System I, 1.58 times for System II, 1.54 times for System | 
III, 1.03 times for System IV, 1. 22 times fi for r System ¥, ond 0.95 times for Sys 
a3 tem VI. Inevery one of these regions there are railroads under reorganization. Bi 
these in effect a much more favorable ratio would result. 
_ The study would seem to indicate clearly that the main purpose (namely 
ie establishment of a fair earnings balance) could be obtained which would _ 
_ stabilize the industry and re-establish credit which is so sadly lacking no. es 
See a plan would do effectively w what the Recapture Act failed to do. ia \ 
’ In addition to this stabilization very substantial operating savings will a 


ae from the pooling of equipment and the consolidation of operations within 


= 


these systems. What these savings will be, of course, is pure speculation based 
a upon hypotheses which, in practice, may have to be materially modified. ) 
“a 


f _ They have been variously estimated at between 250 and 750 million dollars et: , 
per annum, based upon traffic. fic. Even the | lowest value would be a a 
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vorth-while but net , result is ‘certain to 
be more nearly 500 million dollars. In addition to this it should be borne in» 
_ mind that the securities of such a system, with | a modified capital structure, 
would be nearly as safe as Government securities and could be marketed at $ 
mu uch lower interest rates than are paid at present. This arrangement would ou 


or Western seaboard. Instead of one called ribbon across this distance there _ 
would be several. This will necessitate the creation of regional managers who 
’ certainly -would be able to maintain a closer contact than i is now possible with | 
 Effectuation of Such a Plan.- —Within a relativ ely short period. of time, 
_ Federal Authority could prepare a tentative plan and then allow the railroads, — 
4 say, 6 months or 1 yr, within which to offer modifications and to submit a plan © 
of organization, abandonments, etc. In the meantime, the carriers could 
2 appoint some Board of Managers, composed of one member from each road to 
be consolidated, whose duty it would be to co-operate with the Authority. om 
After the aforementioned modifications have been considered by the 


¢ Authority, it could then i issue a general plan and order the Board of bears a. 


the 5-yr period has elapsed the could then issue 
plan and order the election of system n officers and the establishment of these 

i systems. The Authority would also prepare a financial plan indicating ‘? 
the amount of new system securities it deems proper to allocate to the ‘then ‘ 
~ existing individual securities. . In this allocation weight might ‘be given to: a 
() The valuation; (2) the last 5 yr of earnings as an independent carrier; a 


i ibe: the first 5 yr of system , earnings contribution; : and (4) other special merits ad 

Under such a procedure an immediate beginning could be made and rol 

time w ‘ould be allowed for the consideration of varied interests. These 


, great systems should be organized under a Federal charter as national toi 4 


Other Considerations. —In addition to the consolidation and rate-equalization i, 
problems, consideration should also be given to legislation establishing a uni- 
form system of railroad taxation based upon the dictates of national economy es 
and the welfare of the industry, and a uniform system or policy with reference » S 

_ toamounts to be paid by the railroads for grade-crossing eliminations. Numer- Ae ie 
ous other m measures, intended to give immediate relief and which have already 

been recommended by various bodies, should naturally be in addition 


#§«43«}} 
— 
oi Mr. Lavis seems to be of the opinion that in such large organizations 1 TT = be 3 
Would not be possible to maintain personal contact. In so far as straight 
distances are concerned these new systems would be no different from the 
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Conelusion.—The railroads new capital to build up prop- 

erties. oo The poor roads, which are most in need of new capital, cannot get it 


a except at exorbitant rates, because the investor, whether it be an individual or 
a = a fiduciary institution, is afraid to risk his money. 


____ It is necessary to restore confidence in the industry as a whole. ‘That can 
best be done by a scientific of and prosperous roads within 


consolidations of desirable properties, as would be the case if left to the railroads pe 
for solution. impartial Federal Authority be established with 
od power to compel a sound solution i in the interest of the transportation industry es 
-asawholeandthecountryin general. $8 


J. Esq. (by letter) —A well-rounded and con- 


a - cise summary of the present rail situation is presented i in this interesting paper. oii 
; The wr writer feels, how ever, that Mr. Lavis has placeed too much emphasis upon 
” 


what he calls ‘ “fundamental defects in governmental regulation” (heading, s 
“Synopsis”). is inclined to attribute the difficulties more to 


that the depression accounts for much the greater part of the difficulties. oe 
oe The statement that “It has been shown time and time again that the rail- a : 
aa roads are not over- -capitalized” (heading, ‘Needs of the Railroads: Railroad 
_ Capitalization”) needs anapaa amplification than i is given in the paper. | Iti is 


in transportation facilities, but they are over- from the viewpoint of 


_ There must be a realistic recognition of the high degree of obsolescence in bi 
investment : and capitalization written down to conform to the investment in — 
oi productive property. a Holding these views, it is obvious that the writer does . 


the present financial intact” (heading, “ The Solution’’). 

va Greater emphasis should have been placed upon the need of organized and © 

centralized research. single paragraph on that subject is not consistent 

with the statement | in the Sy nopsis that ‘ “special stress” is laid on that need. a) 

ae In the discussion of the causes which have adversely affected the volume of 

* ‘railroad freight business, “specific mention should have been made of techno- 
s " sar advancements which have made possible the production of more units 


finished product for a ‘given volume of raw material. s substantial im- 


“prov ement in the efficiency of fuel consumption on on locomotives, for example, 
has had the result of reducing, correspondingly, | the volume of ‘railroad- borne 


than to the loss of traffic because of the general depression. ¥: The writer al 


_ dollars invested i in facilities that are now used d and useful. rc A substantial part. vo 


not agree with the assertion that ‘There seems to be no valid argument against a 
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4 ,, aL. unused sidings, facilities designed for earlier days with shorter train runs i i 
different characteristics of traffic. and duplicate terminals and other facilities. 
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its Motor Transport Survey of 1935. showed that common- 

carrier motor trucks earned $531 000 000, and motor bi buses $168 000 000, ee 
total of $699 000 000, which with the private truck operations would make a _ 
ee much more formidable showing than Professor Worley’s estimate for | 
1932, In fact, the Bureau of Economic Research of the Department of Com- om: 


“merce has made ¢ estimates from yea year to year ear of the e earnings of all types of 


vas Motor transport 


and pipe line. 


‘revenue in fag United States for 1936, “Similar. data in 1929 showed motor 
.s transport with $1 194 000 000, or 17. 5% of the total transportation bill of oe 
_ $6 847 000 000 in that year. “As the actual total in 1936 should have been about 
$6 000 000 000 on the basis of the index of business activity, the motor trucks — 
have made heavy inroads into railroad traffic during the depression. _ However, — 
if total traffic had increased i in this period in continuation of the trends existing 


a using the very heavy traffic on the Pennsylvania Railroad between | 
Pittsburgh, Pa., and Altoona, Pa., to illustrate the impossibility of handling 


rail freight by trucks, Mr. Lavis forgets the tremendous mileage of railroad i in a 


It is on these lines that the cost of rail transportation and over-head has risen a 


ae the territory west of the Mississippi River which has less than 500 tons per day. = oa 
_ 3 cents and 4 cents per ton mile, and thus into the ‘economie realm of the 


1274 


motor truck, which is not 5 cents to 7 cents per ton mile, as cited by Mr. Lavis, Pig lS 
_ but more nearly 3 cents. (Statistics were submitted to the Interstate Com- “aa 


-merce Commission by thirteen typical truck operators, in the matter of ‘‘In- 
crease of rates in Central Motor Freight Territory, 1937” ” showing approxi= 


— 625 000 000 ton miles costing $19 000 000 or 3 cents per ton mile.) 


expensive, 


— 
Statistics 
vis referring to hensive as 
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BM sealous regulation combined with unreasonable burdens of cost for labor and st 
taxes. Some | more modest type of rail motive power could easily 
the service needed at a lower cost, provided encouragement could be giyen to 
the rail management by relief from taxes, full crew laws, labor agreements, — ’ 
and out-of-date tariffs. ” Otherwise, the people i in the communities served by 
; - the rail branch lines will pay increased sums for the transportation of = 


= 


i” If, through this process of erosion n of: the feeder rail lines, the railroad 1 main 


Furthermore, are even such apparently essential as the 
between and Altoona safe? In each case in the past, the same con- 


: taxes, unreasonable labor provisions, and restrictive rate legislation, no nrg 
Toad i is 3 safe from this grep artifically fostered Process of change 


4a 
a only : a natural effort of a ee industry to hold or improve its ‘product j in 
the face of dangerous competition. It would be the same in the case of two 
competing automobile manufacturers—new plants, new presses, new materials, 
_ without one dollar added to profits. If the effort were tardy or insufficient, * 
: as in the case of the railroads, there would be an absolute loss or decrease - 
S's profits with nothing to show for the capital invested. It is true that some of 
the: expenditures for heavier locomotives, rail, and bridges seem foolish in the 
om, light of present facts; but they should be unquestioned as necessary in view of = 
the strife for lower costs ‘to keep the railroad systems solvent. Present-day 
speeds, quoted by Mr. Lavis as 40 to 50 miles per hr to satisfy the present — 
_ “hand-to-mouth” merchandising, have probably doubled the costs of ie 
_ tonnage trains of yesterday | at 15 miles per hr; yet eminent economists ha have 
peated justified the unit of gross ton miles per train hour (dependent largely ; ei 
om speed) as a measure of railroad efficiency. In the West the longest and most 
round-about rail lines have the highest “efficiency” in gross ton miles pe 
‘This paper has delved deeply and ‘most intelligently into the ills of the y 
railroads. je ‘The W writer does not want to detract a bit from its value, which is me a4 
great. W He is almost ready to agree that the railroads are going backward; 


Me, 


“stress straitened in both methods and materials 
is almost ni nil; and, by: and 1 large, the es cause for this condition (which i is destroying 


he 
| 
ia 
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— 
— 
— 
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to prevent monopoly, and the same results eliminating the stages and the 
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the largest and at one time the most 
from without as from within. It speaks well that there is still continued 
fighting effort from managements that have been so harassed. 
Davin A. M. Am. Soc. C. E. (by letter).—This paper 
gq most valuable presentation of the transportation facilities of the United _ 
States and deals comprehensively with the problems confronting each class | 
3 service. - emphasizes the fact that defects in governmental regulation are 
q a responsible for the grave financial difficulties of the railways, and that there 


should be better co-ordination of all transportation facilities, Finally, 


fr 


- stresses the fact that direct Government aid, like that now being extended gy 
Z Bena waterways, and airways, should also be provided for the railways. — 
_ Informed persons will agree with most of these statements, but when itis — 
proposed to extend Government aid to the railways, much will depend on the _ 
|, ile form in which it is given, whether by an out-right grant, by — a 
or by an extension | of credit; and also, what returns or guarantee should be 
iis to the Government for such aid as may be granted by Congress. Jaojenq 
ie In the case of the highways, the State and National Governments all collect i. 
snance are being paid for by those 1 using the 
“highw ays. However, the sagh a belong to all the people, which means the a 
Government, and those 2 contributing the money therefore, have no vested 
The natural in general, were made by improvements 


boat can ‘enjoy the free use of the but again, the users 

have no vested rights in the property provided by the Government with money © 
a from the people. - The improvement of the channels through the Great Lakes 
4 is the most extensive system in the United States and is not now, nor ever was, _ 
q undertaken to serve any other purpose than that of navigation for both freight ee 
. passengers. In only one or two instances, such as the Tennessee Valley 


Authority, has flood control and power development been an important factor. — 
= The railways enjoy no direct at present, although they 
9 


The airways have enjoyed the most generous treatment by the Go 
si they have been given subsidies toward operating expenses and generally : 
have no monetary investments except in flying 
a __ The case of the railways 
three facilities. —wdti is now (1939) being | proposed to toy them in a position 
to in some measure of Government aid and nal correct the 
‘cary the mails and considerable Government freight. In ‘most States they 
‘pay a property tax similar to private land owners. ~ According to the author, © 
their total property investment in 1920 was about 19 billion dollars to which — & 
Cons. Engr., Harlingen, Texas. Mr. Molitor died 8, 1939. 39. 
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total 0 of more than 25 billion dollars in 1932. In Table 2, the net operating ee q 


than 6 billion was added during the next twelve years, making 


tied income for 1932 is given with the annual rate of return on the capital invested, 


which it appears that this capital sum was only ‘slightly more than 
billion dollars. How much of the remaining 18 billion represents’ property Fh 


ho Many of the railways received land grants representing enough | value to “a 


How was it acquired and who ownsit at present? 


». &é to the railways, which were not properly equipped to carry cheap bulk freight. i 


finance their construction with the aid of borrowed money from private She 
-_- Until about 1920, the railways were in practical enliaied of all transportation Pet 
ee business | except between ‘such terminals as were also served by the waterways. ae 
: =e were such that they were declared common carriers under sok 
: i control and regulation by the Interstate Commerce Commission as a protection ge, 


between the waterways ‘and railways. is an old o one in which 


agen for ye years until there came into the presidency a Theodore Rooseve elt, 
a: who was big enough to subdue this propaganda and launch the undertaking. = 


_ Mississippi River r improvement is another case in which a once prosperous a i 


water transportation was driven out of business but not with any great benefit a 


al A case in point to the contrary is the present spectacle of the St. Lawrence- . 
’ Great Lakes Waterway, for which no one of sufficient stature has yet appeared | 
_ who could settle the quarrel and subdue the opposition in Congress. — It is ey 
regrettable that the power development was brought into the “equabble 
but.the navigation improvement ‘must come sometime, and when the 
of the railways become salicheatly depleted on propaganda, perhaps they will fee 
. spend what funds may remain on “putting their own house in order.” oh 
a. As long as business was good and money plentiful, due largely to low wages 
io paid to operating employees generally, the railways could afford to fight 
everybody, including City, State, and National Governments, to ‘maintain = 
a* supremacy in the transportation field. They could do this and yet pay large — 
‘a ‘ dividends to stockholders and high salaries to officials. Then came the war 
period 1914-20, with the railways | enjoying a virtual monopoly, but reo : 
7 equipped for the huge increase in business, so | that with Government control — 
and funds the wheels were kept in motion with sufficient new equipment 
to handle the heavy traffic, which continued to overtax the railways wre ; 


4 
The diversion of business ‘the highways, both passenger and freight, 


vs rapidly increased after about 1920, and, with the depression years aries 
ol i caused the pr present surplus of transportation facilities on the part of the railw vays, — 


appreciable amount of the diverted business « can ever be egies by ake 


ers 
~ modernised railw: ay equipment because of the greater convenience and er 
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te motor. van, all because of ‘the superior “efficiency and of 
- gervice. In short, he was prevented from using the railways because of the — 

= greater cost involved, their lack of house-to-house service, and loss of time due 
os waa poor schedules or infrequent s service. The great majority of the traveling 
public i is probably doing the same things for the same reasons. 

_ The existence or non-existence of the railways of the future will hinge on 

| “the survival of the fittest’’ as has already been the case with 1 respect to a: 
urban railways and some city street-car systems. todal 
Big and little business has sought ar and found economies in freight costs, , as pee 


. the author mentions, which means a permanent loss to the railways. Intheir 
po ambition to retrieve some of their lost business and to combat public dis- __ 
- satisfaction, the railways have gone intensively into politics, resulting in much _ 


vu 


For instance, highway trucks in Texas cannot carry in excess of 7.000 lb 
and violations are vigorously prosecuted at the public e expense to benefit the 7 
railways. other States as much as 20 000 lb is permitted. Recently the 

Interstate Commerce Commission ruled an increase in billing weights on 
~_ vegetables effective January 1, 1939, in Texas, New Mexico, Louisiana, and 

_ Arkansas, whereas Florida and California, the chief competitors, will not be 

ii | This ruling will add about $140 per car lot to an already excessive _ 


legislation aimed particularly against highway transportation. 


freight rate on . shipments from the Rio Grande Valley, which is ruinous to the 
‘Valley growers, packers, and shippers alike. It is also Proposed to rel 


others,2* so that the writer has refrained from making a any additions. mo 
qt The enormous decline in railway business, from whatever cause, has aa 
tent income and thereby depreciated the investment securities. It has 
- destroyed much capital value by mergers, reorganizations, and inleageiined 
What remains of a once lucrative business is now asking for Government aid, = 
preferably i in the form of an an outright gift, on the plea that the other transporta- 2 
tion agencies have enjoyed such aid not hitherto accorded the railways. ‘This _ 
is termed the railway problem. — Is this the real problem, or is it rather Rowen a 
of inability to continue to attract investors in a rapidly  deatining business, 
which i is over-equipped forfuture needs? ‘bua 
a Originally a all money invested in n railway property, fixed and movable, came — 
from the people. It was not first collected by taxation and then disbursed by we - 
| after deducting a large overhead expense. Inste ad, the 
business was handled by the railway promoters themselves, and they now wish 
tl to sell the property to the Government because it is no longer profitable to 
‘operate and hold; but if the Government should buy that which was already — 
‘—~ by the people through I loss of their invested vase and rates paid i 


¢ Coudiien able statistical data have been presented by the author, and be 


hg 
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it and passengers, even 
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it would mean ‘that, then money has come twice from the 
people, first to: create the property and then to purchase what they have created, a 
sin the case of the highways and waterways the people paid only once, a 
__- with the Government acting merely as a collecting and disbursing agency. __ 
bh aa elt From the foregoing one must conclude that the railway problem is somewhat ee 

akin to that of any large corporate business during a period of obsolescence >: 
<a the remedy, of course, would be receivership or bankruptcy. Thenin _ 
a final wind-up, if the Government desired to acquire and operate the prop- oaed 
erty for military or other reasons, Congress could provide the necessary legis- th 
lation to create a Department of Transportation to handle all such matters, bt 
replacing the Interstate Commerce Commission, and, ultimately, to solve the 
‘ railway labor question which, with other labor legislation, has become a — 
: ae However, if the railways hope to rescue their property they must work out — 
their own salvation by introducing new economies, lowering rates, catering to, 
_and winning, the public by rendering efficient and reasonable service, and finally — 
by recognizing the social implications | of their business. The trend toward 
heavier locomotives and rolling stock, and adding more elaborate passenger 
trains, is not considered a move in the right direction because of = a q 


increased n maintenance cost of the road-bed. Lines 


Railway employees should realize that they are ‘killing the that 


id the golden and should reasonable pay reductions. be 


= propaganda, burdensome | traffic restrictions, 
@ 


taxes, has become the choice of the people. = 
_ Were one to concede that the relations between the various transportation — 
c. the City, State, and National Governments do require readjust- as 
- ment to rectify any inequalities supposed to exist, then the following legislative 
changes by Congress should receive consideration on the assumption that all 


= property be | Government-owned and all transportation equipment be 
owned and without fees being charged: 


‘The Highways, unfair traffic restrictions and remove 


The Waterways National i improvements to be provided for navi gat 


purposes and made free to the weers. tol 


(4) The Railways.—Acquire road- beds, fixed. as bridges, 
tunnels, a nd stations, by purchase or, preferably, by donation. The Govern- _ 

; ment would then build extensions when needed and maintain the property, . 
the operation to be conducted by private capital as at Present. 


“That ‘these changes, or any of them, will ever find favor, or materialize, is 


is highly problematical and much will depend on the funds ‘available to each . 


for ~The proposal to vote 6 billion dollars of 
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Athough it might r relieve the present financial crisis temporarily, it would not 
- solve the railway y problem. _ This sum of money, loaned to the railways, would So 
only add to their present predicament; and it would further reduce the interest ay 
on their stocks, since there i is no prospect of any increased earning power, and - 
loan would probably never be repaid. pose 
' Years ATS AZO the Canadian Government guaranteed 1 certain outstanding ¢ ob- 
4 ligations ns of its ; railways with the result that the pr properties are now ow practically a i 
i ws rned b by th that Government. _ If, and when, any monetary aid is given to the 
railways, a safe » plan wor would be for the Government to take a first mortgage « on 
- the property and thus be in a position to protect its own interests i in case ” id 


riters on transportation % have generally defended: 
only one system as against the others. The writer has attempted to express” 
opinion respecting their relations to the public. 
C. A. Hoaiunp, Assoc. M. AM. Soc. C. E. (by letter).—The suggestion 
by Mr. Lavis that a study be ‘made of the entire field in the 
_ United § States i is a proper one. _ This 3 study should t be made by men | who | have: 
a: Knowledge of the subject by study or experience; and (2) no i 
4 interest in the result. The entire transportation question should be pele i 
- with the thought expressed by Mr. Sheets, as quoted i in the paper (see heading» by 


Money Question: Needed Highway Expenditures”), but with the thought 


that it be applied t to the entire ) transportation question instead of 


"transportation, to the exclusion of the general problem. also. does not 


- state the problem i in such a manner that issues can be drawn a as a basis of 


the writer it ‘seems that rer should be first considered in a 


encouraging and | promoting the use of each for p purposes which it can an serve 
best and most economically, while avoiding such use as is | merely harmful to — 


‘The definite allocation of materials to be moved I bye a given type of tr trans- 
__ Portation should be approached with caution, if at all, as the nation has not ' 
yet reached a point at which regimentation to this extent is possible. A certain i 
- theoretical recommended allocation is probably desirable only as a basis of hes 
_ determining theoretically whether or aet there is an over-abundance of classes _ 


of transportation in a particular field, and to what extent. 


> Pele. ss. and Branch, Bureau of Valuation, Interstate Com- 
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Fundamentals. —Certain fundamentals should be 
ing. remedies or “solutions for transportation generally. background 
might be well to review the past and the present quantities to be moved and > Bi 
classes of transportation. wow di hing ture xis ot 
6.—CoMMERCIAL FREIGHT TRAFFIC IN THE UNITED States 


Agency of transport 1928 1986 P1987 


Steam railways* § |§ | 447443627000 | 341181596000 | 362815 382 000 mi 
Intercity. trucks 23530000000 | 40230000000 | 43380000 
Great La 90 037 507 000 263 645000 243 674 000 


Other inland 542 877 000 387 091 000 16 882 943 
Pipe lines _ 21 700 000 000 40 037 134000 44 793 161 000 

Electric railways 1812744000 | 500000 | 482.000 


8 ‘Total 566 755 000 hy 805 827 000 | 561 814 798000 


+ 


* Reports of the Interstate Commerce Commission. 
olume of —The volume of transportation in 1910 is un- 
The volume in 1926 , 1936, and 1937 is given in ‘Table ¢ The 
volume of traffic is less i in 1936 a nd 1937 than in 1926, and i in all ‘probability, 2 
_ although the data do not show the volume in 1932, 1933, 1934, and 1935, it 
will probably be much less than that t shown i in 1926. abe 
ao ae Changes in Ways of! Transportation. —In 1910 there were ere approximately the 
EB : following types of transportation: 240 000 miles of railroad, 200 000 miles of _ 
indifferently constructed highways, and about 300 000 miles of pipe lines—a 


total of approximately 470 000 miles’ of transportation lines. In 1930 there 
g = . were 250 000 miles of railroad, 700 000 miles of fairly well co- -ordinated high- | 


ee: 110000 miles of oil and gasoline lines, 30000 miles of airways, and <4 
Je. 10 000 miles of inland waterways—a total of not less than 1110000 miles of 
oe transportation lines, some of which were of almost limitless capacity or, rather, _ os 
es such a capacity as it now seems impossible to visualize. The foregoing shows — ia 

& a total increase of 136% in the total length of transportation lines in 1930 i 

Over-capacity ¢ of Transportation System. —When one refers to the capacity 
of the transportation system, including ways, methods, and facilities of trans- 
port, it will be agreed that. as whole the system is ‘not less than 50% more 
—— than that necessary to move the nation ’s production, u using a prosperous year Fs 
4a oe. such as 1937 as the measure of an average production year. If this is true, — iy 
a oh it is axiomatic that the methods of transport should be adjusted and | ‘either a 


reduced by law or be allowed to be reduced by: competitive action w withow tthe 


* 


_ Background of | the Railroad Problem. —One o of the basic questions affecting 


. ae the railroads is the following: In 1910 the railroads as at whole were making — 


é 3 2 money and were in practical control of the entire transportation field. ‘There F 


woe 


os _ Report to the President of the United States of a Committee appointed to submit pe” 
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HOGLUND ON ‘TRANSPORTATION DEVELOPMENTS» 
_ were approximately 470 000 miles. of transportation lines. The railroads had 
no competition in the bulk transportation field of which they were not in 
- control through relative efficiency; nor had there been any competition for res: 
about thirty years prior to this time. By better and more economical ways 
and methods the railroads had driven all other modes of transport from the 
_ bulk transportation field. . To all intents and purposes they were a monopoly, — 
_ This naturally caused the introduction of Government regulation. _ iniant od 
In 1930 a different situation existed, with more than 1 110 000 miles a 
transportation lines available. ‘The modern highways, airways, waterways, 
pipe lines, and railroads now give an opportunity for one to choose other ways 
- and methods of transport than the railroads. Highways and trucks of all 
_ sizes have opened the transport fields to every farmer and manufacturer in the one 
| United States. Ifa farmer does not like the freight rates, by truck or railroad, oe 
on hogs or cattle to the packing houses, he can haul by his own trucks, as — 
- illustrated by the fact that, in 1926, 90% of livestock received at 17 large Ay 
"markets were hauled | by the railroads and 10% by motor trucks whereas, in Bae ca “4 
: 1987, 48% were hauled by railroads and 52% by motor trucks. If the packing ha ‘ 
a _ houses do not believe that the rates are economical on meats by trucks or hk i” 
railroad, they can transport their own meats. If the steel mills or coal mines a 
_ do not think the rates to the consumer are economical by the present water cont 
facilities, trucks, or ‘tailroads, they can t1 transport by their Own facilities. The 
= ways : of transportation are in existence and available for u use, and their capacity 


The methods of transport are probably as to-day (1939) or even 
than they were in 1910. Whether or not the methods of one particular 
class of transportation are more economical than those of another is naturally 
open to question. The methods and facilities or on all of them are now in being 
and open to development regardless of existence in former times. Therefore, 
railroads are in a competitive field, and Government regulation i is 


not of as much service as it was in 1910 unless it ; is extended tc to cover, not 0 Be 


the ways, but all methods and facilities of transport. 


fore, that the solution of the problem of one of the types cannot be siaae Hale c 


A without consideration of a f all cl: classes, methods, and facilities, since ae are ny i 
Increase in Railroad Capacity of Transportin Materials. —The of 
freight trains has probably doubled since 1910. As to capacity of locomotives, 
: in 1910 the carriers had a total of 60 019 locomotives with an aggregate tractive a we 
effort of 1 588 894 000 tb and an average unit tractive effort of 27 282 Ib. _ In 
they had 49 541 locomotives « of which 48477 were steam locomotives, 
_. ith an aggregate tractive effort of 2 206 201 000 Ib | and an average tractive . 
In 1910 there were 2 148 478 freight cars. with an aggregate capacity of 
16 579 000 tons, or an average per unit of 35.9 tons. In 1935 there was a total ae 
+; 1 867 381 units with an ageregate Capacity of 88 677 000 tons, or an average ie 
Needs of a Defense System in Times of War—The problem of a transporta- — : 
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4 that i in time of railroads, highways, pipe ind 

oa ce, ways will be called upon to bear their part of the transport problem and to 

= this extent these classes of transport are necessary to the national defense — 
“2 system. They should be maintained to a standard necessary to serve een 
_ objective. If the business naturally handled and the earnings obtained from a 
- this business are not sufficient to maintain them for this objective, they should _ 
to. Conclusions. — ‘shows that « since the time when the 


an increase in the efficiency of the railroad to the extent 
4 ag i oe that it would be able to handle perhaps 50% more transportation than it did 
Bs Be ee in 1910, but there is a decrease in the possibilities of obtaining this traffic, 
ne P The entire railroad field is burdened with over-capacity. What is shown 
33 “herein relative to railroads is s probably equally applicable to highways, water 
ways, and pipe lines. The crux of the situation—the question of over-capacity 
i: as of ways, methods, and facilities of transportation—is the real problem. _ cue 
Pe Ne _ The writer has purposely omitted reference to the questions of: (1) Un- 
railroad taxes; (2) inconsistencies in valuation procedure; and (3) rate of 


Item (1) —In 1933 railroads were taxed $150 000 000 less than in 1926; | 
in 1938, $40 000 000 less than i in 1926. A further review of | their 


portion of taxes on their investment will develop the fact that, fanepie their 


_ proper as applied to a particular railroad. ' However, there i is a condition ot 
-over- -capacity of transportation facilities, when applied to the railroads i in 


freight region as a whole. introduction of this element i in the present 


by not less than 30 per cent. 


(8). 
a investment by including the deficits of poorly paying railroads i in with better a 
% paying railroads is no more proper than adding the statistics of failures among 
ol automobiles, steel, and other corporations to the good ones in obtaining their 
= earnings as an average; and yet, ‘nothing he has been mentioned of the fact th that 
the “dividend per ¢ cent on | railroad stocks | paying dividends” has never been a i 
* a less than 4.57% since 1891 “(this low value occurred in 1932) and that the 


average over that period i is probably not | less than 6 per 


Lavis, Am. C. letter) —The “discussions of a 


ie: paper have been very "interesting and ‘amply confirm the contention of ‘the 
hae writer that the railway problem i in the United States is one of national and very 4 


a vital importance. Some of the commentators seem to have overlooked the 


we _. Report to the President of the United States of a Committee ap jointed to submit vers 
recommendations on the general transportation situation, December 23, 1938, p. 78. 
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fact. that this paper was originally presented as the « opening address i in the 
“Symposium on Transportation” offered at the Annual Convention of the 


Society in July of 1938, and seem \ to have assumed that it Was & voluntary de- 


-fense of the railroads rather than, : as it really ws was, an attempt to evaluate the 


4 : position of the railroads as part of the general scheme or plan of transportation ae 


Professor” ‘Cunningham ‘notes that although a statement is made in the 
“Synopsis” that ; “Special s stress is laid on the need for adequate research,” little 


On 
is said about it in the } paper. This matter is referred to in more ‘detail by a 
ile most of the commentators agree as to the nature of the problem and ~ ag “eam 


- its seriousnees they disagree as to its solution or the remedies to be applied. Fy ae a 


Mr. Harris’ indictment of present-day management, although he admits tha e 
“it is responsible for the finest system of railroads in the world,” ignores a great ze i 


many factors which 1 are of vital i importance to the nation in considering the 
problem. | ~The greatest o of these is the tyranny of railway labor and its influence a 


4 on legislation. Reference \ was made to this in the paper but ; further reference < 
P may be made to a statement by Garet Garrett” which, 1 while crediting therail- = 
way labor unions with a most creditable record as workmen, shows the abuses - q 
which have crept in and become established i in the “constructive” ’ rulings 8 and i din Fe Pe 
the ulings of the Railway Mediation Board. 
e ruli gs ay Medi ion Boar bugetaaigi 
Referring to railway and highway financing, Mr. Harris states that the main 


4 Exchange.” _ However, he i ignores the fact that the Government bonds which 
paid for them are listed; that the capital of the banks and of the insurance 


“companies is tied u up in these bonds; - that the stocks of the motor vehicle corpo-- . 
rations are listed; and that they, with the labor organizations which are occupied _ ‘ese 

in the motor vehicle industry, exercise a a great deal of influence with the various a 

State Legislatures as well as with the Congress. These factors cannot 

3 ignored; nor can one, in facing the problems of to-day. and trying to find solu. 2 a 
tion for them, get very far by blaming th the ) financiers o of yesterday. ie 


No one realizes better than the writer the sins of railway financing i in the 4 


past; but the securities issued are now in the hands of a large number of people 
in the United States, either directly or through the insurance policies so many 
of them hold. The problem is not one for the relief of Wall Street but for ae 
= relief of a very. large number of the people of the United States who are not — pie 


q banded together and are ‘not vocal. _ Above all, however, it isa problem of how 
to preserve a great asset of the country—one on which 80 many oh a 


ane - Professor Cunningham points out that while it may be, or probably is, ue 
4 that the railways are not over-capitalized, from the viewpoint of dollars in- 


vested, ‘they | probably are f from the Viewpoint of of ‘dollars 8 invested in in facilities 


that are now not used or useful. al Perhaps there is some little merit in acl 
a contention but it ignores the many improvements out of earnings and the more a 


a intensive use (under normal conditions) of the facilities which remain. __ uns 


**Peace on the Rails, Garet Garrett, ‘Fhe: Evening September 9, 1939, p. 8. 
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268 LAVIS ON )N TRANSPORTATION DEVELOPMENTS 


* |) Mr. Jenny : -also argues that t the fact that the railroads. de not earn enough to a 
- ce “3 pay a a fair return on their outstanding securities is evidence that they are over- 
ae capitalized. This fact, however, does not seem to be valid in view of whatis 


= = said i in the paper and the discussions as to o the difficulties of ‘modernizing their a 


| 


» 


4 . a millstones of Government regulation and labor union demands. Whether rail- 
ii = roads : are over-capitalized or not, the problem facing the nation is ' the rehabilita- ee 
tion of the transportation machine to produce ton-miles and passenger 


efficiently and reliably at the lowest possible costs. 


it ee % Perhaps the statement in the paper that Diesel engines (locomotives) have — 


not yet progressed “much beyond the experimental stage for general railroad 
_ traction” may be subject to misinterpretation. That they are actually 
a forming important services, , with reliability, d day i in and day out, cannot be 
ote questioned; but in the original statement it was intended to call attention to 

the fact that, as yet, , there i is not much information at hand about final costs of oa 


"service, and that Diesel engines are e being used now for only a a very small part 


< of the total railway traction requirements. 


a - _ Mr. Budd’s remarks on the rate question, or some parts of the rate questions, Fact 

a ie are very much to the point and answer a good part of Mr. Harris’ criticism eC we 
management—that is, of financial management. In times of stress, the rail- 


ways: are not only faced b by demands for higher wages, supported | by, all: 


. 3 by another Government agency what they may charge for service. oat 
The w writer is not for a | moment advocating higher rates generally on ae 


although some may be justified. Rather he i is emphasizing that the 
greatest transportation agency in the United States, an agency vital to the 


* existence of the country, i is falling between the demands for higher wages, lower a 


ae of transportation, and competition by Government financed agencies. _ : 
> aan In the opinion of the writer, after ‘studying the v very interesting and able ee 


HEE 


discussions on this subject which have appeared, it is more than ever evident 


ee. that the only solution of the problem is the entire modernization of the he railroad eo 
_ plant so that the lower costs, and therefore rates, can be produced and reason- 


7 ably good wages paid. There can be little quarrel with reasonable, even some- m = 


mee thing more than ordinary, compensation for railroad workers. f _ They: must have 

ae a high mental and moral standing as well as requisite skill; but many of the 

— anomalies of “constructive” rulings should be abolished and reasonable died. 7 

‘ Sb No matter what form the assistance may take, the writer can see no alter- 


45 iP native to such a subsidy to the railways as will permit this necessary moderniza- 
. = tion and the establishment of adequate research facilities on a very broad scale. 
: Bes There certainly can be no more objection to this, and perhaps much more | 

ie Treason for it, than for the subsidies being generously donated to waterways, 
ue aviation, and highways. As for burdening the railways with debt for loans to : : 


ag be made, why should this be any more necessary than it has been for the con- 
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BARTHQUAKES AND STRUCTURES. bea 
By LEANDER M. EsQ., AND JOHN D. GALLoway, 


WwW ITH Discussion BY Messrs. HoMER M. Havury, R. BEANFIELD 


R. S. Cuew, Jacos J. Cresxorr, Artur C. Waurer L. Huser, 


Eremrn, Henry D. Dewett, anp Jonn D. Gattoway Lypik 


This paper is made two sections. Section written by Mr.  Gallo- 


formed in 1928, and to its report. The nature of the earthquake waves 


described and some reference is made to their cause, complexity, and char- 
acteristics. Some notes are added of the relation between earthquake waves af ee 


and the structures that ; may be “subjected to forces arising therefrom. 


‘Section Il, by Professor Hoskins, considers the nature of the ground 


motion, gives certain fundamental rules” and conclusions, and investigates 
the ‘theory of flexure of vertical beams subjected to transverse oscillations. 


extension of the theory to an elastic column oustaining a load is given 


™ 


. mitt ee | 
4 In 1933, after the destructive earthquake in ‘Japan, a committee 0 
vag 


ociety was formed with American and “Japanese “members. About 


years: were spent in data, and a report was submitted 


Bee ‘This report,® made up of various 8 chapters, « contained, in ‘addition — = 


2 


o historical and " descriptive: matter, a theoretical treatment of the Prob- es 
em of stresses in structures subject to earth movements. 7 - One ) paper, ae” 


— tribu ated by Professor J oseph N. LeConte, ‘and John E. . Younger, , of the eo 


Nors.—Published in December, 1938, Proceedings, | Huber 
1 Prof. of Applied Mechanics, Emeritus, Stanford Univ., Palo Alto, Calif. Prof. Hoskins died a 
* Cons. Engr. San Francisco, Calif. ols > wi 
* Unpublished Report of the Special Committee of the American Society of Civil Engineers on Effects x 


of Ex Earthquakes on Engineering Structures with Special Reference to the Ja) 0 West 30 Earthquake of Se abe ae 
tember 1, 1923. Available for reference at at Engineering Societies ties Library, 29 st as Street, D New bia } 
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ARTHQUAKES AND STRUCTURES See 


E other paper was contributed ‘by Professor Hoskins at the same time and 


‘ 
‘and the e resulting clastie waves. The “complexity of “the “waves ‘ond 


shear in accordance with dynamic theory. It then becomes a matter 
of judgment to establish a relation between 8 - actual structure ‘and the é 
results of the theoretical | deductions from assumptions that 


treatment 


within» the | range of mathematical t treatment. lids 


atme 
‘Tt must not be “inferred ‘more extended theoretics 


“the problem is impossible. 
with g 


Any one charged with | the sesign of engineering structures in any part 
> the world should take account of possible earthquake forces and the 


resulting stresses. Although earthquakes are generally confined to the two 


great belts of the rth, they may occur anywhere 

The ‘earthquake belt that borders the ‘Pacific Ocean ‘Passes from New 
‘Zealand, through Japan, The Islands of Alaska, California, Mexico, and 
a A the Andes, to Cape Horn. ‘It is } represented by ar ring of high mountains 


"bordering the continental shelf on the edge of the ocean depths. Japan ig 


. = very close | to the greatest ocean depth. There seems to be a relation between 
the intensity | of ‘the ‘shocks and the ) nearness to great mountain chains: and 


eS ks the ocean ‘depths. Some minor earthquakes are volcanic, but most of them 
> 349 are tectonic, the result of adjustments in the crust of the earth. They are 


a? 
evidences of mountain building. It is thought by some that most earth- 
; quakes in California are connected with the “uplift of the ‘Sierra Nevada 
ss 4*Stresses in a Vertical Rod When Subjected to a Harmonic Motion of One End,” by Jose; sal ~ ae 
: = LeConte and John E. Younger, Bulletin, Seismol —_— Soc. of America, Vol. 22, No. 1, Mareh, 193: 
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> vised if 1920. Section th roblem of earthquake 
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develop f the factors involved. cessary to approach the 
variable nature o ity of the subject makes it necessar o attempt simple 
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that traverse sections of the State. The of 1878 was 
caused by a slip on the Haywards fault. The earthquake 
was caused by a slip on the San Andreas fault where the surface trace was — 
evident for nearly 300 miles. The Japanese earthquake of 1923 was caused ee q : 
‘movements the sea bottom of Sagami Bay about 70 miles south 
3 of Yokohama, where an area of about 270 sq miles sank from 300 ae 
- to 1300 ft and an area of more than 90 sq miles was elevated from 600 to a 
00 ft. The earthquake of March, 1933, at Long Beach and other towns oe * 
in Southern California was caused by a slip on the Inglewood fault. — ies = A 
‘The rupture of the earth crust, as on the San Andreas fault (the depth “4 
eo which i is estimated to have been 80° miles), resulted in a maximum vertical i 
movement of about 3 ft and a maximum differential horizontal movement of 7 —- 
‘about 22 ft. It is obvious that no structure placed directly over the fault 
can withstand such a a tearing ‘apart of the ground. However, as a ‘rule, oe ee 
i major damage is caused by the waves that travel from the disturbance. — es a 


a 
vk The earth crust is not a perfect solid; it responds to the shock of 
“rupture on the fault by a series of elastic waves that have all the character- ee 
istics of waves in a perfect medium. There are three generally Bill wie 
types of waves which move outward from the o origin with | different velocities, 


 guffer reflection and interference, and probably have harmonics. The three 


‘Longitudinal waves that follow a curved path through the earth 


and move. with a a velocity of about 3.5. ‘miles per sec; 


(2) Transverse or shear waves that traverse the surface layers of the 


earth and move with | a speed of | about 2 miles per secs and, BOL’ 
Waves tha carry the maximum amount of energy, travel through 
the surface, and move with a velocity of about 3 miles per 


In addition to these characteristics there is evidence given in almost 
shock, of, Waves that move slowly over the surface of the ground. 


These waves are seen usually | in alluvial soils. 
waves: that damage structures are impressed waves, changing rapidly 
in period, amplitude, and acceleration. Seismograms rarely show traces | 


harmonic waves, or those with regular characteristics. _ This is probably a very. 
_ fortunate circumstance because i it prevents, to a large extent, the resonance 


vibrating structures. As a result of. ‘the impressed forces generating the 
= trains, the periods may vary from 0.1 see to 2 sec, and the acceleration 


may vary from: practically nothing tc to more than that of gravitation. 
bes 
amplitude may vary from a small fraction of an inch to 9 ‘in. and, possibly, ae 


to 12 in. The foundation material is the important element of the move- 
ment. Solid rock moves the least ; deep alluvial soils saturated with water, 
‘such as the lands bordering the southern } part of San Francisco Bay, ‘the 


plain of the Los Angeles River, or the region from Tokyo to Yokohame, — 


Sit 


duration of the major wave movements is a. ‘important: element in 
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awe 
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x a appreciated that ‘the duration of the destructive movements has. an important 
bearing upon the e capability of structures to withstand the « earthquake, 
; os Reports indicate a duration of the sensible waves of the Long Beach earth 
— movements as 11 sec. At Charleston, S. C., in 1886, the duration was 1 min Br 
Et and 10 sec; in California, i in 1906, the duration was said to have been 3.5 min. 
Site The energy released by the breaking of the earth crust is gradually 
dissipated during the onward progress of the waves. a The destructive effects — 
re become Jess as the wave advances and the period of wave tends to increase 
— as much as 10 sec. The destructive effects are limited to a relatively 
: ee. small area, but the sensible shock may be felt at distances of 1000 to 
2000 miles. Major earthquakes shake the entire. globe and are detected 
by seismographs now installed in every civilized country, 
ft The earth ‘movements are very complex. All the phenomena of waves 


an elastic solid are “present, 1 modified by the varying nature of the ma- 
terials of crust ‘of the One very pogo is the extreme 

innumerable foci radiate in all directions. given structure may be 
a am a. subjected to movements in all directions. It is this fact, together with Ps 
the variable amplitude, period, and acceleration of the principal waves, 
that makes any exact mathematical treatment of structures impossible. 
Relation to Structures. —It will be recognized from the foregoing brief ; 
at summary of the. characteristics of earthquake waves, any structure 2 

to such forces must have elements of design differing in “many: 

respects from structures subjected only + to the vertical force of gravity. eS t a 

One important, element is the vibration period of the structure. 


‘structures have one or more natural periods of vibration. If the period of 
, the structure approximates closely to the periods of some ‘of the maximum ‘ 
4 earthquake waves of the ground upon which it rests, even if such are vari- 


= 


able, there is danger of resonance in the structure. If long continued, ‘the 
hie _ cumulative effects of resonance may result in the destruction of the struc 
In general, low, broad structures have vibration periods differing 


~ considerably from ‘the periods of the maximum earthquake waves. In the o 
ease of high, narrow structures the vibration Period is often close to that ae 3g 


= 


an of some of the maximum waves and, unless the structure is well designed, he 


serious damage will “result if the shock is of long duration. The Earth- 
quake Committee filed with its report the vibration periods of a number 
ae = buildings in San Fr rancisco, Calif, and the results would be of interest ; 

to those having such subjects under Other data of a ‘similar 


ne, ia pes. is obvious that the forces generated in oh agree subjected t to earth 


a ; 5a f "movements from an earthquake are measured by the mass or weight of the 
sorees of the he moving grou und are follows 


ows from 


ssible. 
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" “The form of ‘the structure i is of importance when ‘the design is con- 
This remark applies with. greatest force to buildings. A ‘central 
section, with, wings at right angles, suffers extensive damage, especially _ 
central section. The wings” vibrate in different directions | and with 
different periods, and batter the central section to its destruction. 
Since the forces resulting from an earthquake are, in general, 


- sontal and dynamic, it follows that the design of a structure must provide s 
a the transfer of stresses from one member to another at the connections. 
ig 


A reversal of stress always takes place. The structure, | as a whole, is sub- — 
jected to torsion and to | cross-bending, from which arise tension, compres-— 
Bey and shearing stresses. Provision must be made in the design ‘to 

iz Section I is presented in an attempt to explain the complex nature of 

a the earth movements and the relation to the form of structures, the design, — a 

j and the » materials used. As stated, an exact treatment of the problem by Ee ae 
mathematics is impossible, owing to the complexity of the elements of the | a re 
problem. the "other hand, it is quite possible to arrive at an approxi- 
mation to the stresses in a structure such as is given in Section IL If +4 : 
‘such methods are used in the light of data on possible earthquakes that oe 
are now being accumulated in all civilized countries, it will be 2 possible 1 to mitt . 


design a structure that will be consistent and thus will have every chance 
of passing through an earthquake without excessive damage. p9vo yee 


i Rules for the design of structures to resist earth shocks must be based upon ~ 
a definite assumptions regarding the motion of the ground. Probably the gh 
- assumption most commonly made is that the motion is translational; that aes 4 


that all parts of the ground supporting the structure are at every instant 
OF. moving in the sa same direction with a@ common velocity. _ At every instant all a 
4 parte of the supporting ground will then have the s same ‘acceleration, although — 


a y TA Although it is probably true that, in many cases, the predominating ie, 
‘is translational, it is not improbable that cases occur in which there is a i 
tional component of sufficient amplitude to be a factor i in causing dangerous — 

q stresses. There is considerable testimony, in fact, to the occurrence of viable 
‘surface waves; and although such testimony often alleges wave amplitudes of #5 
incredible magnitude, i it would seem that a traveling v wave crest large enough — Ric 

te be visible must ‘cause an appreciable rotational motion of the ground at ae 
any given spot. It will be assumed herein that the ground motion is trans- Bt 

lational unless otherwise specifically stated. In all cases, howe ever, ‘the solu- 
tion of the dynamical problem depends upon the same fundamental principle, ey 


| _ which it is convenient to state in the form of a general rule of procedure. . eae 
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_ these accelerations to be known, the general rule of ‘procedure may be stated — 
Assume to act ‘upon every particle of the structure and ‘its contents, 
i . force equal to the product of its mass by its acceleration and opposite in direc: 


S _ the accelerations of ‘all particles of the structure at that instant. - 


hee 


tion to the acceleration. Treat the body as if in equilibrium under the action 
actual forces include: (a) Forces, such as dead weight and wind press 


forces, with values that ‘may be changed materially by the earth motion. The 
_ former are a part of the known or assumed data of the problem, ‘whereas the be 
a m. latter are unknown until computed by the aid of the above rule. — Just as in 
the ordinary problem of structural design, the supporting forees must be 
, a determined as a preliminary to the computation of the stresses. The funda- 
mental rule is simply t the application to this peokiom of the general principle — 


a sure, which are independent of earthquake motion; and (6) the supporting — : 


of dynamics known as d’Alembert’s principle. _ ‘pt 


APPLICATION OF GENERAL RULE ON ASSUMPTION OF 
nS tg __ If the structure is assumed to be perfectly rigid, and if it does not leave ie 

— every part of it must have, at every instant, the same acceleration — : 
a asthe ground. The application of the general rule, therefore, is simple, — Thus, 
if the ground has an acceleration a in a a certain direction, the supposititious 
- force assumed to act upon a particle of mass m would be a force m a a 


) a direction. In other words, the eo of the supposititious force would 


be the fraction, — , of the weight of g the acceleration due 

i dads ci sotto aft 3 f 
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yah To illustrate, suppose A (Fig. 1(a)) is @ rigid body supported upon the 
ground Bo Lett the weight ¢ of the body be W lb, and let u be the height of its 
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r 
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(geleration, a, a, horizontally to the left; then the euppesititions foxeee to 


he bod h a agnitude, —— 


directed horizontally to the right and acting at the mass center. — The support- ae 
ing forces at the-base must be such as to counterbalance this resultant; hence, aa a 


they must be ‘equivalent toa force, ib, dire to the left, and 


4 a a couple of ‘moment, ~ ft-lb, counter-clockwise. _ These are in addition to 


the supporting forces that counterbalance the weight of the body. pe : 
q In like manner, if A’ and B’ (Fig. 1(6)) are the parts of the body | 
and below any horizontal plane, the forces exerted upon A’ by B’ must be — 
-gueh s as to counterbalance the supposititious forces : acting on the part, Ale. aw 
the weight of this part i is W’ lb, the supposititious forces have a resultant as 


“magnitude, 2 , directed horizontally to the right and acting at the mass cen- 3) 


tet of A’; the forces exert upon a are to, a force, 


VAL 


ae If the ground has 2 an | acceleration, a, , directed vertically upward, the : aon 


a titernal stresses is the same as if the weight of every part of the structure aaa t 


_ its contents were increased by the fraction, —, of the actual weight. In like 


manner & downward sovejeretaont of the ground would have the same effect a = 
decrease i in 1 the weig ght of the stru and its contents. Be Whatever 


be treated separately. The following discussion will refer mostly to hori- 


sontal accelerations, since it is probable that, ordinarily at least, the horizontal 


foregoing statements are true, of course, only when the 
translational. a a rigid body, however, the computation of 
e throughout the body due to a known rotational motion of the ground can be | Pi 
- made without difficulty, thus determining the supposititious forces for applying 
al uosinitebai sd. ai aldizeod Jo ods 


If the of the very adwiy, the departure of actual 
materials from perfect rigidity would have no appreciable effect upon the ats a 
values of the supposititious forces referred to in the general. It would still be ras - = 
; Practically | correct to assume that all parts of the structure have always the — 
game acceleration as the ground. This is no longer true, however, if the ground 
is in rapid oscillation. It appears in fact that, because of elastic yielding, all 
‘Parts of the structure above the foundation may have a greater range of motion — 


the: the the upper parts may be 


a 

— 
ii 
_ “actual direction of tne acceleration, Its Horizontal and Vertical components 
— 
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greater than that of the ground. The effect of elastic yielding will 
== 4 depend upon the rapidity of the oscillation and upon the elastic ting 

dimensions, and mass of the structure. problem of estimating the yielding 
too complex for exact mathematical treatment unless simplified by assump- 


tions which are far from true in the case of many structures. It is possible, 
however, to infer something regarding the nature of the effects to be expected, — ee 
ae from w well-known considerations relating to oscillating systems | in general. “R cai 
Ge seems: possible, also, to throw some light on the possible order of magnitude is 
these by solving the dynamical problem for idealized simple cases. 
of} lo ddyiow odd ted} egotol 
CONCLUSIONS | FROM THEoRry ForcEeD BE OSCILLATIONS 


problem under falls under the | case of a 
which is constrained to oscillate with a certain definite fre- 
quency is meant the number of complete oscillations per unit time. ‘Frequency 
the reciprocal period.) General theory indicates that the phase and 
A ‘amplitude of the forced oscillation will depend upon the relation between its 
. frequency and that of the “natural” or “free” oscillation which the system 
might have. For the simple case of a system having only one degree of 
dom and, therefore, one possible “mode of vibration, the following statements pea 


(a) Phase | of Forced Oscillation.— the disturbing oscillation has a 


frequency ‘(that i is, a longer p period) ‘than the free oscillation, the system will a 


= a oscillate in the same phase as the disturbance that causes it. If the disturb- 
ance has a frequency greater than that of the free oscillation, the phase of the ee. 


actual oscillation will be opposite to that of the disturbance. anos 


Amplitude of Forced Oscillation.—The amplitude of the forced ‘oscilla b 
= > tion is greater the more nearly its s frequency approaches that of the free oscilla . ri 
3 tion; . that i is, if foi is the frequency of the free oscillation and Pg that of the dis- oF. ; i: @ 
the amplitude of the forced will be greater th the nearer fu 
is to 1. Moreover, as approaches 1 the increases without limit, 4 
These statements refer to undamped “In the case of an oscil- at 
. sy lating building the damping (due to internal friction and to air resistance) | is 4 . fc 
val presumably | too small to affect, the validity of the "propositions stated. It ods 


ar should further be noted that a system having more than one degree of freedom — coll | 


_ may have more than one possible mode of free oscillation; for elastic structures ee 
~ the number of possible modes may, in fact, be indefinitely great. In applying *y 


2 Statements (a) and (b) to such a case it is to be understood that the mode — 


referred to is generally that of | longest: period, which may be regarded as the — 


d 


= that might be caused in an elastic structure by a simple harmonic oscillation et 

of the supporting ground. Proposition (b) is of especial importance, since it 4 

- indi icates that if a structure has a natural oscillation period that is nearly the _ 

. same as that of the ground motion, continued repetition of the earth tremors — y 
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of frequent occurrence, an e to guard against i it by 3 proper 55 se 
. design, would seem to be questions of fundamental importance. To answer : 
the former question with certainty it would be necessary to have full knowledge i. 

_ regarding the frequencies of the harmonic components of ground oscillations —__ 

occurring in violent earthquakes, and also regarding free-oscillation frequencies ae 
& actual buildings. It can scarcely be doubted, however, that observed de- es 
structive effects have in some cases been due to the cause stated hy ea de 
as As regards the second question, it is obvious that the designer is powerless Me 


to avoid the dangerous. condition unless he is able to estimate in advance the _ es > 
natural oscillation frequency of any projected building. Of great value for ne 
_ this purpose would be data concerning actual oscillation periods of many aoe 
existing structures so selected as to serve as types. : The problem of the struc- ka ; 
tural designer in the matter of avoiding dangerous oscillations thus depends _ 


and actual earthquakes. 3. It remains to consider whether further 
light can be thrown upon the problem by dynamical theory. bat Mensa te | 
= _ As already stated, the possibility of exact mathematical treatment men 
upon the introduction of assumptions which are often fa far ry 
. facts for actual structures. The solution of such idealized problems, — iA; x 
ever, may be of use as indicating the general c character : and order of magnitude ~ oa 
of the effects likely to be caused by elastic oscillation. + One such problem will “4 
ey _ The ideal problem treated in the following analysis i is that of a uniform oo ny: 
beam 1 placed in a vertical position with the upper end free and the lower end | pow 
tigidly attached to the ground, the supporting ground being assumed to have | Fs 
a horizontal motion resolvable into components which are simple harmonic ‘> 
functions of the time. The method of solution consists in forming the differ- 
ential equation of the elastic curve by a simple | extension of the ) ordinary theory 


a flexure, and solving this equation subject to the conc conditions assumed to hold or 
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Ra 


a Effects of on Structures (not published). = 
game fundamental pier has been employed by many writers both before and pier ae 
j since that date. 


aig 
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4 
oa very largely upon data which can be obtained only by observation of actual — 
4 = 
— 
= 
a 4 ulas for the shear and resisting moment at any cross-section of the oscil- 

by ating beam. The solution given herein was formulated by the writerin 1926 ae 
We 
ss S The following deduction of the differential equation of the elastic curve is ine 
fas applicable to the general case of a uniform elastic beam performing small __ ii 
ai _ transverse oscillations. The notation introduced, however, is especially a — 
; | adapted to the foregoing problem. . The quantities involved are the following: oa 
, § h=length of beam; A = its cross-sectional area; J = A k* = moment of axe: — 


7 


cross-section about axis of bending: = total weight: in 
E = modulus of elasticity of material (Young’ s modulus); g = accel. 
bolwood 1 ovad eration due to gravity; and, M and V = resisting 
fiago to ataoy moment and resisting shear acting at any trans- 
"verse sectida.2 jnsloiy a: 
z, y denote’ the: rectangular co-ordinates 


any point in the elastic curve with respect to 
4 


' axes taken as in Fig. 2. ‘The origin, O, is taken 
3 the base of the beam in its mean position, the 
2 positive X-direction is vertically upward, and the 
Io. aor ' inal positive Y-direction is horizontally to the left. 
The convention of signs for Mand V is as follows: 


cits ligae eu The part of the beam above the cross-section exerts 
wh upon the part below, forces of which Visthe sum 
- of the components in the positive Y-direction and a 


Mis the sum of the moments in the counter-clode- 


IY. - The first step is to write the dynamical equa- 


tions for an element of the beam bounded by two 


DAR transverse sections at and z+ dz. The accel- 


Fro. Freon 08 eration of this element in the X-direction is in 
while its Y-acceleration angular acceleration is 
in which ¢@ ‘differs inappreciably from =-. The mass of ‘the ‘damnit is —— 


a its moment of inertia about the axis of bending is { k?. . The total — 


acting on the element in the direction is the total turn 


‘ing moment acting on it is ax dz + V dz. she. of 


M Tinear and angular motion for the element may’ be written as follows (after 


Bliminating ha: 


or 
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jween Equations (1) and (2), there results, 
a: 

Th 
ant 
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(3) reduces to the form; be af at 


; yy Ibis found that the third term in Equation (5) is practically negligible unless oe : 
the beam : is short in comparison with its transverse dimensions, and in the ae 
following solution this term is omitted. — _ (if the third term is retained the ‘ ae 
solution is entirely practicable, but involves considerably more labor, especially oe: >, 
in numerical applications.) It is to be noted —t the omission of this term we . 


as in the in the theory of | beams under er static conditions. 


SoLUTION OF THE DIFFERENTIAL EQuaTION WHEN THE Grounp MorTIon Is 
(ott). . 0 & Harmonic mt 200 rhe 


s If the ground motion is resolved into components, each of 1 which i is a simple © i 
harmonic oscillation, each component may be treated separately. It suffices, 


the of ider the solution of the different ti 
erefore, to consider e solu ion erential equa ion May 


on the assumption that the lower end of the constrained to have a 
harmonic oscillation in a horizontal plane. 


oy 
‘boundary the other three being that is zero at the lower 


end, and that M and V are always zero at the upperend. Noting the e general 


valnen of M and V as given by Equations (4) and (6), the boundary conditions 


= asin + 
when 


a 


. 


and 7; and g is a constant the value of which depends upon the choice of the . 
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EARTHQUAKES AND STRUCTURES 

verified that the differential poet and: the four. bou bound: 


nditions may be satisfied by assuming: 
 y=(A 1 cos mx + By sin mz Az cosh mz + Brsinh mz) 


and assigning proper values to the constants m ai gn ‘Thus, th 


7 


(9 


> 


the condi ions give the four equations, 


«del nmh — B,cosmh + Azsinh mh + B; cosh mh = 0.. 


Bis 


=o 


AY. 


= — 


n from Equations (4) and and (6). 


the ground is at rest the foregoing solution is valid with 
; - ‘this case Equations (11) determine only the ratios of the four constants 
7 Ay B,, As, and B:, their actual values containing a factor with an arbitrary. 


value. Moreover, in this case the equations can be satisfied only by restrict 


 1+cosmhcoshmh = 


, = ‘which must be satisfied by any permissible value of m, while T depends upon 


4 


— 
— 
b 
4 
. 
@ 
— 
to — 
— and, | 
Formulas for = 
4, 
— 
— ; 
order of magnitude the first three values are 1.8751, 4.6944, and — 


EARTHQUAKES AND 


values differ very ete, 2 ‘Bach of these values 


toa possible free oscillation, yn, the period « of which. be computed 


by. Equation | (10). The greatest of the possible | free periods may be called — 


the fundamental period, a formula for which may be obtained by taking fe 


may easily be e verified that Cid have periods 
- the ratios of which to 7» are: 1, 0. 1595, 0.05699, 0.02908, 0.01759, etc. These Sy oth eo aa 
numbers, beginning | with the fourth, are toa close approximation 
to the squares »s of the odd numbers 9, 11, pete 
It is 


en given beam, the assignment of values to a ead 


determines all the constants, m, Ay 1, Bi, Ay and so that (except i the case Pe 
; iz free oscillation) the values « of vy M, and J, at all ‘sections, may be computed ae by 
; by Equations (9), (4), and (16). In examining the nature of the results for es 


various particular cases it is convenient to take as a basis of the 


Case of Perfect Rigidity. —For ‘this case let the values of vy, M, iad V;, for 
a 
any value of a,b be y’, M’, and V’, and let values for z 2% loach be yo’, Mo’, and Vo’. 
: Denoting the ground acceleration by « and reasoning as before (see heading 3 : 
“Application of General Rule of Rigidity”) there result 


15a) 


10 29 phil = 


3 Since the motion of is to be ‘represented by the 


— 

a= 
a 
| 
im 
4 
| 
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STRUCTURES = 


4 
Effect of Elastic Yielding- (4), (6), (9), (10); and (15) lead 


ed vent Foie 10% wertot boro? ied 
sin m + —cosh mz 
— sin mx +—cosmz — — sinh mz 
(180) (18c), compare! with Equations (15c) and (ise), 
<i effect of elastic yielding upon the values of the bending aenet and shear — 
at aed section of the beam. Iti is seen that, for a given value of = , the values 
goitad nixorqqs e oF ots oft hd rodent 
jand ; depend solely “upon the value of mh. Moreover, m h depends — 


, Since by Equation (10), am 4 


an = 


gitibeed 992} s10led 28 3 ‘bda » 
To 
ae, and , BY, Ad. and B; for 
and — a’ » Bquetions (18) become: 
cos Kz + sin K x’ + A,’ cosh K2' +B, sinh K zx’. 


Ai 


(— A;’sinK 2’ + B;'cosK 2’ sinh K 2’ — BY! 


AC ginKsinh 


1 + cos K cosh K , 


cos K sinh K + sin K cosh K\ 


= 
as 
a Al 
wi 
a wi 
fs 
te 
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onstants i in. a the ie the single number K 


her words, for given value of of 


“tatio of change i in M and in V, due to elastic yielding, depends sc solely upon the pos 
ratio of the actual oscillation period to the fundamental free period, being 
wholly independent of the dimensions | and material of the beam, except as anal 
‘Characteristic Curves.—The graphs of Equations (21) may be called 
teristic curves for the problem u under consideration. . Such curves are | shown 


a 


Veloes of = Vaiwes of 


in Fig. 3. Each curve is marked the value of the 


of 
‘The curves illustrate in a a striking the réle by the free 
To. The foregoing statements (see heading “Conclusions from General The 
of Forced ¢ and | Free Oscillations”), regarding and ‘amplitude of 


owing the transition from the first 


— 
& io Increase OF M 
ese curves are of especi li = 


0 that the ratio of change i in M and V, due to elastic yielding, is found by com- 
gogo siteals od paring each value computed by 


is 6.238; andi it will be: ached in 

Fig. 3 change si sign 4 
changes from 6 to “Coin 

cidence of the foreed period with — 


any) possible free period i is called 
a condition of resonance. a 
THEORY OF FLEXURE FoR Com- — 
The theory of 


sented herein under the heading 
“Theory of Flexure Applied to 


Values of 


ath 


> 


Oscillating Beam,” ” may easily 
be extended to the case of a beam 


built of two or more materials, 


cross-sections are alike. _Insu such 
#9 


ment of inertia for the corresponding parts 0} of the cross-section; — the 4: 
formula for the resisting moment is: 
odd to oulay av od i diiw be: gi svinio do 


of mo ot ton tee 


The use of (23) instead of Equation no in 
the differential Equation (7), except that EI must be replaced by 
+ +++. With this change the case of a composite beam is covered 
By the solution given above. It is of especial interest to note the application of 
this statement to the formula for To (Equation (14)). - (In the interest of rigor — 
it should be noted that the radius of gyration, k, occurring in Equations (2) 

: (5) not to, of but to the mass of 


Eo 
d V result if Tis | 
— | | M, and result if Tis 
— 
— 
— 
— 
: 
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— 
4 
— 
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an elementary layer. In the solution, however, terms involving 


he problem apply closely to actual buildings, but the general character ~ = 

_ the results probably represents the kind of effects to be expected i in a | steel 2 

4 _ frame building which is uniform in horizontal area and tall in comparison with 
its horizontal dimensions. It would seem, for example, that Equation (14) 

may give some indication of the order of megnitude of Ty) for such a building. = 

c case of buildings that are relatively low and broad might be better illus- __ 
trated by solutions based upon a somewhat different mathematical theory. ty, o 

(= such buildings it is probable that horizontal shearing is more important eae 
than bending as a factor in elastic oscillation, and solutions taking account of | 

q this factor are entirely practicable. For the purpose of this paper, however, as 
the foregoing solution serves sufficiently as an illustration of the nature of the xe 
effects that may result from elastic yielding, 

DynamicaL THEORY aS A GUIDE TO PRACTICAL Duster 


¢ Although dynamical theory alone cannot supply definite quantitative rules 
__ for for the design of earthquake-resistant structures, the theoretical analysis shows — 
1 clearly the nature of the problem and of the assumptions that must be made — 


as a basis for practical rules. This is perhaps best shown by: considering the 
procedure that would be required in attempting to make a practical applica- — 
7 tion of the theory as it has been presented. In such an application it would be 
- necessary to use specific values of tlio period and amplitude of the force 
oscillation, and also of the fundamental free or ‘ “natural” period of the structure = 
; under consideration. With these quantities given, the solution of the problem ene 
computing stresses involves the following steps: (a) A solution on the assump- 
tion that the structure is rigid; and (6) an estimate of the effect of elastic pe-3 is 
oscillation: # © ie (0) bate (¢) 404 98003 


. _ (a).—The solution on the assumption of rigidity is simple and definite, 


a the procedure being to apply the fundamental general rule, assuming every 
part of the building and its contents to have the same acceleration as the & 


to elastic oscillation would require a of the elastic problem for the 


actual structure similar to that which has been given for the ideal structure ey. 
treated as a uniform beam. In the ideal problem it was found that elastic — 


- yielding increased the values of V and M by ratios depending ge the value | 
of =; , the effects being shown quantitatively i in Figs. 3(b) and 3(@). 2 
these quantitative results cannot be assumed to hold for the 


— 
— 
— 
z 
: 
ee 
— 
— 
y 
framework is then an ordinary problem in structura 
fa 
: 
14 
increased by elasticyielding = 
_ do hold; namely (1) that the values of Vand M 


To... 


and (2) that the ratio of change in in v and in M depends upon | the aa vu and 


increases without limit 2 as T with with any other of 


the natural periods of the structure. 


"the hazards because of uncertainty regarding the actual data that should be :% 


to apply to any particular case, There i is one fundamental ey 
tale, how ver, which may be stated with confidence: ifs Jeinos att 


age Fondamental Practical Rule. —The structure should be designed to resist 


Sy probable maximum | ground acceleration and m the mass of ai any ‘particle. beled 
 taeBhe value of @ to be used in applying this rule is a matter for the judgment 


ae add Danger of Resonance.—It is clear that very great eens may oan if there 
Bee = is a near ir approach | to a condition of resonance; that is is, equality of T to one of 


plicity of natural periods, and since harmonic analysis of 
“records has shown a considerable range of values | of T, it seems impracticable to 


formulate any simple rule for) minimizing the probability, of. dangerou 


PuBLICcATIONS DEALING WITH THE VIBRATION OF PRISMATIC Bars 
RIG A SARC OF OF 90 JE STO 


‘The theory: of the elastic vibration of prismatic. bars has been discussed ns 
= writers during the past 200 yr, among the earliest having been Daniel 
Bernoulli (about 1743) and his contemporary, Bernhard Euler. ‘The deduction 

of the differential equation of the elastic curve, in the form given in this paper 
when gravity is neglected, and its solution subject to stated boundary condi; 
ies tions, are found in numerous publications, of which a few are listed subsequently, — 


te ins Of these, Nos. (5) and (6) treat the same case of the oscillating vertical beam — 


that treated in this paper, with substantially identical results. 


») q 
Q@) Strutt, John William (Baron Rayleigh). Theory of Sound. Second 


1894, MacMillan. eit svad ot aii base yoiblind adit toe 


(2) Love, A. E. H. Treatise on the Mathematical Theory « of Elasticity. 
Second Edition, 1906, Cambridge | Univ. Press. as 


(4) Ss. Vibration Problems Engineering. 1928, Van 


= 


(6) Creskoff, Jacob J. i Barthquake Structures. 


M. ‘Vibration and Sound. . 1936, McGraw-Hill. ob 
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¢ ‘The theory of the uniform vertical beam or column has served to illustrate Ps 


, e: 7 the general character of effects which may be caused in structures of a certain 3 . 

a _ type by a forced harmonic oscillation. It seems desirable to extend the theory Aye 

= | 80 as to cover a more general class of cases than has been treated previously. ss 

q In this more general — attention will be given to the 

a . of Let the vertical beam or column treated i in Fig. 2 be assumed to carry atits — = ‘a 

ae " - upper end a rigid body weighing P Ib. . Let the mass center of this body lie in pee 

the extension of the axial line of the column at a distance from the top; let ke 

e 4 be the radius of gyration of its mass with respect to an axis through its mass " 

a 4 center perpendicular to the plane of flexure of the column; and let other data 

case 


and notation be as in the problem already: case is represented 


-V 


ott ol ap bonis 
bey ial at: 


one DIvFERENTIAL Equation oF Exastic Curve Yo 
boni Sie ows say vino .beyloe se eew-doidw aD 


q In the theory already given the action of gravity on the column was neg- 
lected. The following is a more rigorous analysis, taking account of the weight ie. 
; of the column itself as well as that of the supported load. In order to form the e 
differential equation of the elastic curve, w rite the equations of linear and a 


< 
& 
= 
= 
37g 
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4 angular acceleration of an element of the column of thickness dz, bounded by — Beet 
a transverse planes normal to the curve. (It will be assumed as before that a ¥ 
¥ horizontal shearing is negligible in comparison with bending in determining the iT 
5 form of the olpatio curve.) Such an element is represented in Fig. 5(6). ae 


‘The mass of the element is nd its moment of inertiaaboutitscentral 
4 


is ( Its acceleration in the X-direction is inappreciable, and ite 
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, in in- 


az 


The forces acting on the are as Foi orces — _y +04 
in practically horizontal directions on the lower upper faces; couples 


acting upward on the lower face, a downward. 


less by | Ld A on face. Each of these vertical 
being uniformly distributed over cross-section, may be regarded as applied 
at the centroid, the distance between their lines of action being dy. (The 
reasoning here is that of the common theory of flexure, which assumes that the _ ie 
ee stresses on a cross-section are equivalent toa normal force applied at the a 


and substituting for M its E [—, the following i is 
tained as the differential equation of the elastic curve: 


Comparing Equation (25) ) with | Equation (6), it that the latter 
sists of the first, second, and last of the terms in the former, while in Equation _ 
: (7), which was actually solved, only the first two terms are retained. Next, 
_ consider whether a more rigorous treatment which retains some or all of the 
_ omitted terms is practicable or desirable. For this purpose, note the meanings te ? 
of the different terms as well as their relative magnitudes. 
Any given element of mass influences the oscillation of the system in two S es ; 
inertia and by its weight. The latter effect was wholly dis- 
Re regarded in the theory leading to Equation (5). In the problem there treated 4 


. (in which the only mass present was that of the column itself) the effect of grav- tin 

ity is represented i in Equation (25) by the terms: jes es 


t When these terms are retained, and when P =0, ge (25) can be solved & 


_ a by development in series, and it is not difficult to prove that the effect of ee 
gravity is 0 of — in In the more case now 


— 
— 
| 
q 
q iz 
« 
M.) The equations of linear and angular motion for the 
may be written as follows (after dividing by dz) Pig adt ni 
t 
— 
— 
4 
a 
— 


which follows, therefore, the term containing P is retained: but those 
representing the effect of gravity on the column itself are omitted. 
F _ The inertia effect is is represented i in Equation (25) by the second and last <4 
m terms, of which the former represents the linear inertia of the mass element and a 3 
the latter its angular inertia. Of these terms the latter is ordinarily of negligible eee 
_ importance and will not be retained. “ The inertia effect of the load P does = 


affect the differential Equation (25), but is included in the boundary co conditions ig 

a With the — stated t the differential to be solved reduces 


It remains to the conditions. adj (Be 
co ground motion and the method of supporting the column being go 
sam same as in the problem already solved, , the boundary conditions at z= 0 are % 
expressed by Equations (8a) and (8b). In the present case, however, it cannot 

be assumed that V and M are zero at x = h; instead it is necessary to. write — 
ug oats of linear and angular motion f for the body P. 


7 the values of 

M, y, at the top of the column be Fai Mi, y1, and I If ‘the body 

“ied and rigidly attached to the > top of the column, the value of y for its oe 

ass center is +h Therefore, for the 

The a acceleration of the mass center is —— the force 


2 


acceleration is the angular , and the 
center is - -M, h’ +1 PK which follow two 
The and M, to be substituted in Equations (27) are obtained from 


the latter being equivalent to Equation (24d) — the terms s containing | W are aa 
treated as four boundary co 


nie —_ under consideration there is the additional gravity effect due to the load P, an a a = 
__ it seems probable that there may be cases in which this effect will be of much 4 
— 
— 
— 
— 
— 
&g 
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problem t thus reduces to the of the differential Equation 
(26) subject to the boundary conditions, Equations (29). It must be remem- 
_ bered that, in the problem as thus formulated, the column i is regarded as having 
_ inertia, but not weight; for the supported body, however, the equations take xt 
i: t of both inertia and weight. It is proposed first to outline the solution v 
ae this problem i in its generality, and then to consider solutions based upon a 


certain sim ions which, in some cases, may | be permissible. 


‘the following notation will be used: 


It is found that a solution of Equations (29) may be 
= “+ me sin z+ Ar cosh ms 


nd properly determiniag 


— 
7 
| 
— 
( 
= and, 
| 
— 
— 

— 

= 
a solution of Equation (31) if m; and m; satisfy the 


= 


AND STRUCTURES 
at Yo 


ont dud stad ate’ vite ovig ai oder (38) to 
Solving these two quadratics and noting that negative roots must be rejected >. 


binds occurring in (29). 1 For. conciseness, substitute 


=e, m mih = and replace by : then the resulting four 


equations for determining i ve and dB, may be written as follows: . 


wort lis to COS a; + (0 6?) a; sin boitifq oft 
“a (6? sin ay — (u* a? - 6%) a, cos By 
cosh a + (u? ay? + c @ sinh as] A; 


6?) a: cosh a2] B, = (35d) 


Forced Oscillation of Known Period. —The coefficients of A;, B,, As, and m8 
in Equations (35) depend upon the constants of the oscillating system:and also — 
the 2 period, For an oscillation of known period and amplitude the four 
unknowns may be determined by ‘direct solution of the four linear 
—The case of free oscillation also i is covered by the foregoing 
2 solution as the limiting case, a - 0. In this case, however, wi is one of the un- £ 
_ known quantities to be determined by Equations (35); ee these equa- 
_ tions determine only the ratios of the four constants, Aj, Bi, Ax, and B:, their — 
actual values being indeterminate even after u becomes Nam ov The elimina- 
tion of these four quantities results in an equation involving the single unknown, 4 re i 
uw. (One method of expressing this equation is to equate to ; zero the deter- ~~ 
ents of Aj, As, and B:.) Since both a, and az Qe depend 
“upon t u, the only practicable — 


. 
— 
a! 
— 
— 
~ 
é 
— 
.—c 
— 
4 
4 — — 
— 
= 
— 
— 
| 
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s of u. After uis known, any one one of the four constants, Bi, As, 
=e and B:, may have an arbitrary value, the other three being expressed in terms _ 2 
of it; this means | merely that the amplitude of the free oscillation r remains : 
Because of algebraic complexity the general formulas resulting from the 
= ‘diallen of Equations (35) when wu is given, are here omitted; but the procedure 
4 above outline will be illustrated by means of an assumed set of numerical data. 


q 


 ifP=0, the besides reduces to that solved i in the main part of this paper. m4 


This case is is mentioned merely to emphasize the: fact that the s solution of that — 


. Thus, if @ = 0, and if m, = ms = m, Equations (33) reduce to a form which te “ 
identical with Equation (10). If, now, in Equations $35), 6=0, 0, 0, 
and a, = = mh; : are substituted, these equations reduce to Equations (11), 


§oLuTion WHEN INERTIA OF CoLUMN. Is NEGLECTED 


: ee For a given n mass element, the effect of inertia upon the oscillation of the 


: aie system is greater the greater the distance of the element from the ground. 


Bs, There may well be cases, therefore, i in which the effect of the load, P, so ou 
2 4 predominates that the inertia of the column itself may be treated as negligible. : 


¢ ‘The simplified form assumed by the solution in such a case and now be given. — 


and a solution satisfying the ‘conditions, Equations we 


ae is easily seen that this satisfies Equation (36) if mh = 0; and that the » sub- SS it 
_ stitution of the proper derivatives i in Equations (29) gives four equations bool 
determining Ay, B,, As, and Bz. b Omitting g details of algebraic transformation, _ 
the four equations may be written as 


bodtom, 
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if 
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Equations (38) correspond to Equations | (35) of the general solution; butin 
_ Equations (38) the solution for the unknown quantities has been partly « carried a 
by the elimination of A: and B, from Equations (38c) and (38d). 
Forced Oscillation.—If a is not 0, Equations (38) may be solved directly for 
ale B,, As, and Bz, so that all the constants in Equation (37) become known in oe “a 
terms of aand u. This completes the solution for a forced oscillation of given 
; “ Free Oscillation—If a = = 0, Equations (38) can be satisfied only for re- 


€6 (sin? — 2 + 2 cos 6) = cid 


An with ‘numerical date, this ease, 


In theory. both ‘the inertia effect and the gravity effect of 
_ load P have'been taken into account, although the gravity effect of the column 

itself has been treated as negligible. In order to estimate the relative impor. 

_ tance of the two effects for the load P, it will be useful to give a solution in which — a 

the gravity effect is neglected. This effect for the load P is represented by a> a 
‘ term containing @ in Equation (31) and by the last term in Equation (36). _ : 


= 0 are aa the at 
PY = hare still expressed by Equations (27), omitting the last term of Equation o.. 


(276); the value of My to be substituted i in these must be determined ge 


from a the re relation V=- This affects only Equation (29); fom which 


the term containing P in the second member must be omitted. 
The appropriate solution i is expressed by the following equations: vig 


(Ae + + As a* + A; 2) sin in 


given sub- 
ae 
a 
ia 
4 @ 
ag — 
— 
Zz 
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vy. a, u, and the constants of the system, thus iinghetag the 
solution for aw forced oscillation of any known period and amplitude. — “ud tne 
Oscillation.—If a = 0, wis restricted to values satisfying the following 
‘ equation, which results from the elimination of A: and A; between Equations 
(42c) and (42d): geo a 9 odt aid T toon 5 
Iti is noteworthy that Equation (43) makes u directly proportional to. 6, their 
patio: depending solely upon the constants, cande. Remembering 
_ of u and 9, this result shows that thef free eye is proportional t to 4 


is of interest! to compare this res result Equation G4). ah 


=... the dimensions of the load are sma 


asa heavy particle. Algebraically, this amounts to assuming c and’e to be zero, 
ae and results in material simplification of the formulas obtained in the foregoing 
solutions. Tn the general case defined by Equations (30) to (35), inclusive, i in 


must still be solved by trial, and the value of u will depend upon both P and W. 
‘When the inertia effect of the column is neglected, however, the formulas become i 


and (43), respectively, taking the following forms; 


2 42 


ne Disregarding the zero roots, Equation (44a) gives w' — 1; and Equa- 


a tion (440) gives u? waz vA —— these results shows the the effect of grav 


ity upon the period of free oscillation. That this effect with | but is 
Re 4 relatively small for s small values of 6, may be seen by developing tan @ in a power S 
po 


— 


' (44) yield the following fc formulas for the particle: 


Taking account of gravity effect, 
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wales 


the theory of flexure of a column under a static load, commonly as 
¥ Euler’s theory. | ‘For a column fixed at the bottom and free at the top, sustain- = 
ing a centrally applied load, P, the Euler formula for incipient flexure may a: alls 


the foregoing statio ‘ease is the e lin 
3 which, in Equation (47a), gives 0 = 3 , agreeing with the Euler Susneth by the 


Nt to the case of free oscillation. 


; = 


substituted i in Equations (34) and (35); the former gives: 


= Mm, 1 +- (+1). 


- the coefficients of Ai, Bi, As, and B; in Equations (35) may be computed; the _ 


Vue 


4 solution is thus easily completed for a forced oscillation of any given period and — . 


amplitude. For the case of free oscillation, however, u is not given, but must eet 7 


Sone a value such that Equations (35) can be satisfied when a = 0; such values 
ean be found only by trial as indicated under the heading “General Solution.” Pe 
_ The trial solution involves considerable labor and the details will be omitted. _ 
Ti is found that, the required condition is satisfied to a close approximation by — oe 
= 507. Equation (46), this value of u value 


‘neglecting gravity effect, — 
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—— 
— 
— 
— 
wk 
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we 
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Bzample 2. —Assuming the same values of and e as in Eiample 1, 6” = 


| 


Example 3. —With the same data as in Example 2, let the eine effect of iE ry 
be neglected. The value of u for free oscillation is now determined from Equa- 


¥ 


a T> = 5.473 4 


Example —With each of the dete used in Examples 2 and 3, 
the free period on the assumption that Pisa particle. The simplified 
formulas, Equations (44) to (47), give the following results: 
ben If gravity effect is taken into account, line a al 
For 6 = ‘1 w= 0.5574, 4. 691 h, 
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If y effect is euoela 
For @ = a; u? = 0.3333, To = 3.628 


(ce) F 01 wea 003333, hs 0.3628 
“Fas Summary of Computed Results—The results. computed in Examples 2, 3, and % 


4 are summarized in Table 1, in which the tabulated numbers are proportional 
Pr TABLE 1 1.—VauvEs or 27u IN Equation (46) 


94011 


ar 


With gravity a Without gravity 


1.398 1368 bom 0.919 wed 


A 


4 
= 


z to the values of the free period for the several cases. The tabulation bring out 
a clearly the fact that the importance of the gravity effect decreases as # decreases. ee 
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Fe Homer M. Haver,’ Assoc. M. Am. Soc. C. E. (by letter) —Any designer cc 
undertaking to design an entire structure or an individual part thereof is wi 
fronted, at the very outset his labors, the of 4 
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Iti is ae therefore, to read the authors’ edmirable statement of | 


direction; their point of their their periodicity, ote. ? 
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This is a ‘tides true description of the earthquake movem ents of the ground» ae q P 
which every seismographic record ever taken clearly attests. A veritable chaos ~ 

on of confused, conflicting movements follows upon the primary initial distur- q 
bance, which may occur—who | knows when, or how? The authors state ‘(see 
Problem”): “Tt would ap appear to be the ability of any 
matician to develop formulas that would take accurate account of the 


variable nature of the factors involved.” As suredly this is so. 
ae: To the writer it has always seemed a waste of effort to use motheiios of | a 
a - design more refined than basic conditions warrant, and the clear ae 
BES in this paper, of the utter ignorance there is of the earthquakes loading, prompts 
ae _ the suggestion that structural engineers may well recognize the limitations a 
their knowledge. | _ When the magnitude and direction of the loads is unknown, Py 
= ole _ what choice is there between a dynamical or statical approach to a ‘solution — 
xa as arbitrary as, and no more valuable than, the good guesses called assump 
the short insert appendix to his book “Farthquake Damage end Earth- 
quake Insurance” the late John R. Freeman, Past-President and Hon. M. Am. 
oe C. E., gives “Some After-Thoughts by J. R. F. . and a a Few Notes from the v 
 Suyehiro Lectures. The views summarized therein are most interesting and 
valuable, particularly the concluding paragraphs containing the suggestion— 
originating with Professor Suyehiro, former naval architect—that quite 
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“standard” waves without knowing much about the actual waves and quarter- 
a _ ing seas which they encounter, so similarly one > may, arbitrarily and success- 


fully, design buildings against earthquakes by assuming a conventionalized 
loading. fact that buildings i in Tokyo designed under 0.1g 


would seem desirable, to adopt as design procedure nothing 
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in any any ‘direction “upon the structure and applied at its base. Logically oak. 
: oe . Properly, the magnitude of these forces is a function of the weight of the struc- 


Bt ‘ture and its loads: 0.10g, 0.08g, or whatever judgment dictates. — _ The — = 
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HADLEY ON EARTHQUAKES STRUCTURES 
“effect which the height of very tall buildings has upon stresses may be aa 
nized by using a smaller coefficient of g; or, as Mr. Freeman suggests, by model | 
on a shaking table and special treatment. The important 
- eonsequence of a design developed on this basis is not that computed stresses 
will be those actually developed in an earthquake, but that reversals of stress” 
will be provided for, connections will ‘be connections, anchorages will be ade- Fs 
quate. the sorry structural spectacles that have characterized past earth- 
. quakes have not been consequent upon | the failure to use this or that cunning a i 
formula or method of design. __ They hi have been due tof failure to provide proper = 
resistance to horizontal forces even roughly approximate to those e occurring. 
Some additional comment may be offered on certain minor points. ‘The 
authors state (“Earthquakes and T Their Effects: Relation to Structures, in 
Part I) that since the forces generated i in a a structure subjected to Carel inove- 
ments are measured by the mass or weight of the building it follows that “the ; 
use of light materials in a structure is the best and that heavy, inelastic mate E4)° 
4 rials should be avoided as far as possible.” Actually what follows is that with * 3 ay 
light 1 materials the forces generated in a structure are of less magnitude than we 
those developed with heavy ‘materials. _ This is not, however, : a criterion by — 
which to assess the relative worth of the two constructions. ~ Certainly on the 
9 basis of cost to the owner ‘it n may well prove more e economical to specify the 
heavier material; and since the earthquake behavior of a structure does not 
result from the inert, lifeless materials of which it is built, but from the manner — 
in which these materials are shaped. and assembled and are combined — in, 
a it is not Spparent that the > weight of the construction has any appreciable = 
bearing on onthe matter atissue. 
_ Inasmuch as buildings ‘with ‘wings at right angles” may be so built 
«4 onnected as to sustain no ) earthquake d damage, it is suggested t that the para- a 
q graph | dealing with the form of the structure be modified so that it ‘indicates — a 
the hazards a1 and dangers of this shape rather than | pronounces inevitable doom, e 
ce here is an almost equal hazard and danger i ina square or rectangular building 
wherein the resistance to horizontal forces is most unequally and unsymmet- 
rically distributed with respect to the Plan of the building. 
= Regarding ‘ ‘visible surface waves” in the ground, to the writer (who has 
‘ever chanced to see them), it has always. seemed quite strange that they should 
~ occur without causing a , general and extensive shattering. of concrete sidewalks, 
- curbs, etc. He has seen the rupturing of concrete pavements at fissures; but 
the waves, if any, apparently | do no damage. - In the fall of 1923 in eel a 
: 6 friend of the writer was in the Imperial Hotel when one of the countless after- 
shocks was a very severe one, however, and it caused con 
4 siderable alarm. Telling about it in the calm of the evening, he said that he 
had rushed to the window of his room, and looking out, it seemed as if the a 
a long side-wall of the hotel was “waving like | a flag i in the wind.” He did not es: 
believe that the wall did wave, but he asserted that it seemed Bricks and 
concrete being intact, the phenomenon undoubtedly was personal one— 
“fn my mind’s eye, Horatio.” how So. bs 
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McC, _BEANFIELD,’ M. Am. (by letter). This paper is 
and will tend no doubt to stimulate interest in 


"covering and dynamic theory, treats the more from an academic 
=" ae - point of view, and fails to offer any practical solutions. It also fails to include _ 
much advanced development i in the art of aseismic design subsequent to 1928. 
‘The: fact is that. many engineers are mindful of the inadequacy or incompleteness ts 
of the theory and practice relative to aseismic design. The present state o + 
the art is rather empirical and i is based to a large extent on opinions and con- 
sa which | are not substantiated by fact. Reiners is essentially « a 


constructive art, and builds from known facts. | 


~ 
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ok support. — During this interval, the resulting motion is made up of two parts: Bx! 
ree,” or transient, vibrations; and “forced,” or steady-state, vibrations. 
system is initially at rest when the. disturbing motion begins, free vibration 
_ will always exist during the early part of the motion. These transient vibra. ra 
tions ‘Inay cause the displacements of the structural system to be ere than 
twice as great as those that will eventually exist in the steady state, 

; (2) Earthquake motion is not simple motion even if one pecans is con- 
sidered. It consists of elastic impacts followed by free vibration and foreed 
with all their transients: superimposed. ‘The period, or 


by the disturbing force of: ‘seismic impulses, is harmonic, which foe. 


nately tends to simplify ‘the dynamic problem. 
(4) The presence of transients may cause very high stresses within the 


duration of the first ‘cycle. or the first t two cycles of the disturbing motion, which 


large amplitude of the ground motion. Earthquake periods need not be in z| 


direct Tesonance with the natural of a in to 


Cons. ‘Engr., Los Angeles, 
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structural dynamics, and experimental investigatio 
ape = eri _ (1) When a vibratory motion is applied to the support of a system, the | 0° 
aa oe 22% ‘8 stem itself will generally begin to vibrate. In the early stages of its vibration __ - 
— 
— 
2 
% 
peismic ground vibrations (in so far as records to date reveal them) are 2 
— 
— 
— 
dangerous stresses in structures. Displacements of an oscillating structure are 
“| 
The application of a fictitious or supposititious static force, derived from 
— conventional formula H = —— (wherein a maximum acceleration of the 
"4 3 a _ ground is assumed to be the same through all parts of the structure above the yen B 
. a _ ground), may be used to obtain a practical solution only for relatively stiff Be 4 
| 
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‘Its use as & aa formula for ai aseismic design’ in elastic yielding structures ouch oa 
as water-towers, chimneys, multi-story frames, etc., is unscientific and may 
result in a false sense of security and structural stability. lo 


© The conventional measure of the intensity of the earthquake known.as 
~ the seismic factor is the ratio of the greatest horizontal acceleration of the __ 


“ ground to the acceleration due to > gravity. Iti is a well-established fact that the ae: . 


only proper method ‘of judging earthquake intensity is by the kinetic energy — 
method. It can be. demonstrated by structural dynamics that the kinetic a 


‘ energy decreases as the frequency increases, or as the period shortens, and that d ir 
— the amplitude of motion decreases very much faster than the frequency i in- wet ri 
creases. These results prove that the acceleration used in the conventional 


; statical formulas is not a constant a nd loses its ‘usefulness : as a measure of the 


the intensity ratio or seismic factor independent of the periods. 
FF (7) The natural period of a structure is a criterion of its rigidity. — Scie 2 

pte (8) Dampening has little effect in reducing the maximum amplitude ¢ of the wee 
transient vibration and possible dangerous stresses during the first fewcyclesof 
vibration. The stiffening effects due the friction of joints and of interior 


value in computing displacements of the to 
(9) Elastic yielding structures, particularly the more flexible type, 
a always vibrate only in their fundamental modes. As a matter of fact the 
a motion of the ground causes harmonics of frequencies higher than the funda- 
+’ mental, and there is always the probability that one of these harmonics, usually isl 
_ within the first five modes, is close enough to the ground oscillation to cause 
s dangerous dynamic | forces. In the more elastic types of structures, such ag 


ta” the maximum 1 natural period i is s limited oe conditions of buckling, Soi, 


: horizontal static force is pate do not comprise a simple problem. Asa matter 
o of fact, in order to obtain similar rigidities throughout the structure, con- 
b siderable ingenuity and a good p practical knowledge of the application of the 
elastic theory arerequired® 


2 fen ‘The “Fundamental Practical Rule,” which the authors infer can be used 


., with confidence (see “ Dynamical Theory as a Guide to Practical Design”), _ 
q does not apply to all types of structures. It should be understood in 
4 and emphasized, that this rule applies only to inherently | rigid structures, such ie 

as one-story 01 or two-story. buildings that have natural periods of exceedingly a 

Attention is | 

wherein the force or shear (used, for at each 
in @ structural des is based on a a constant vs value of th the ma ‘maximum 
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varies and i increases from the wpe ‘Iti is as s the 
tion increases s upward, , 80 does the acceleration. vi 
Bp: co All structures that are elastic y yielding should be designed by some method - 
of dynamic analysis. In this connection the writer suggests the following ¥ 


_ (a) Compute the natural period of the structure by determining the ‘maxi- be 
mum deflection or displacement due to horizontal disturbing { fore res based on 
a SALE 
the: seismic factor of 0.1 g: . if the maximum deflection of an elastic structure 
within its elastic limit 1 is known, then, by structural dynamics, the | 
period, acceleration, and dynamical shears. can. be obtained. ‘The ‘maximum 
5 statical deflection of an elastic. structure i is also approximately the maximum set 
amplitude of its transient vibrations" invidgig 


‘By: the use of the magnification factor B, the ‘maximum stresses, which 


+ should not exceed the , elastic limit, can be. detunninad by the formula _ PP 


1 


_ in which 7’) = natural period; T = period of disturbing forces; and, ,B = index Be 


o of the increase in deflections, , bending moments, a and stresses due to forced. 


54 _ (ce) The natural period of a structure ascertained by the forngoing methor 
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amplitude.‘ Therefore, structures with high frequencies will not be dangerously tl 
Ent affected, and it is also true the duration of seismic frequencies is usually 
Attention should be called to the: fact. that of the various 3 

4 formulas based on the dynamic analysis of a thin rod of constant cross-section, G. 
for comparative purposes, in the design of structures, 1 may lead to errone- ‘ 

ous and dangerous results. In a number of the flexible structures such as ris “ , 


chimneys and towers, for example, the | mass of these structures is not usually = +) 
uniform, the moments of inertia vary, and the deformation is caused more 


i 
Materials Should Be buildings are as 
Pi brick, con ete, 01 or steel-frame structures. — It must be emphasized that it is 
ht the materials but the design that is of foremost importance. There are 
sertain requisites for materials, and certain: ‘materials fit 


A 


a 4 requirements better than others. , As to this suitability, ‘there has been much a 


“ Vibrations and Their Effects on Structures,” by Beanfield, — 
 Div., Local Section, A. S. M. E., Los Angeles, Calif., 25, 4. 
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4 is due more to shea h structures. “Formulas 
8S noshenko, Rayleigh’s Energy ‘ 


wil 


the heading “Fundamental General Rule. ein 
58 The analysis: of the flexible structure was not attempted by the reer Be 
except to indicate reversal curves for both a uniformly flexible structure and b ae : 
he flexi aR In later years the writer has realized that the foregoing ee 
treatment ¥ was insufficient and has made an analysis of the problem s assuming — 
structure to have its base oscillating horizontally, simple harmonic 
From the: foregoing it will be appreciated that at writer has read the 


from 1.6 to 4. 0 because he believes in a zone of +2 between 1.6 


n 4. 0. The characteristic curves will appear as reverse curves with nodal 


points. ‘This is _hecessary in the consideration of higher buildings in which 
eriods of 1.35 to 1.8 are usual. In the writer ’s treatment”® he has attempted 


to indicate the deformations in this zone. 


ay 


‘ _ Turning from theory to a practical consideration, it: is to be noted that 
authors: state that ‘Equation | (14) may give some indication of the 
order of magnitude of period for a tall Aiea On the other hand, it is ee 
 faapessédaad to ev valuate z Ti in ry building en walls (fire-p proofing), partitions, 
i. In the thirty-three years since 1906 the writer has observed the rebu g 
4 of San Francisco, Calif., with s structures having a marked difference i in the 
e amount and type of bracing, and has made a relative study of 1 measured periods — i 
_ of the tall buildings ranging f from seventeen to twenty-nine stories in this city. 
On the basis of this study he has reached the opinion that at least 50% of the 
stiffness in a wind-braced, wall-enveloped, | ‘tall building, with usual office 
windows, i is ‘due to wall and fire-proofing, 


From records of the Japanese it was found that the period of a structure ee 
-_Tengthens during a base movement due to the loosening and cracking of ofl 


Effect of Earthquake Shock on Hi; h by R. 8. Chew, An. 
Boe. C. B., Vol. LXI, December, 1908, p. 238. gin 
™““ An Approximate Measure of Pranied Structures,” by BR. 
Chew; published petvasels by the author at San Francisco, Calif., 1938; a copy has a ale 
filed for reference in Engineering Societies Library, 33 W. 89th Street, New York, N. 
Tests on Maronouchi Buildin 1920." by 
93 


misrepresentation. Ifthe engineer 
which 
the writer olfered & paper which dealt with this subject. the ana ysis is 
tr - erude and has several apparent errors; and yet the treatment of the stiff a =a 
rigid analysis presented in this paper with Keen interest and believes it Wil 
a ey ie to the profession in i dy of the problem. The writer h iia 
of great value to the profession in its study of the problem. The writer hopes | ee ——s 
> 
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it has been stated" that the increase varies from 30 to 50 per cent. 
—_-_ 
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indicates that. ‘the structure passes through several period states until th the 
. ee various resistances produce a period that maintains. Consequently, the — 
To must be assumed from ec comparison with existing structures 0 of 
or it must be based on some | empiric formula, 


The foregoing indicates why the writer is unable to subscribe » to the authors’ ae 


ar sig fact the 
_ When applied to the frame | the factor produces increased strength but only 
roe small margin of stiffness, whereas stiffness is the ‘required feature. it a3 
understood that strength i is necessary ; but for the present problem it is sufficient | 
; ee For the purpose of illustration consider the practical problems involved i in a 
a. six-story design and a twenty-five-story design, assuming the following is 
factors 8 as known and as a actually resulting f from ‘earthquake acceleration equal =| 
to 3.2 ft per sec*: Amplitude = 1in.; and, period T = 1 sec. Both structures 
are to be designed under a specified load of ~>W as a lateral force. The 
ya designer of the six-story structure will ap apr ply the factor giving the structure 
the necessary strength, but is likely to have a period of between 0.6 
0.8 in which case the structure actually has 40% than 
calle d for by the factor. 
_ Assuming that it is practical to apply the lateral the twenty-five- 
ae ee building, the designer would have to add approximately 407% to his ae 
steel tonnage in order to meet the strength requi rement; but it will be found 
hae unless diagonal bracing is incorporated, the increased stiffness is not in e 
proportion, and from the writer’s study, the period decreased 
15% below that of the 20-Ib, wind- -braced, structure. 
willl be seen that the structure has changed its flexible haracteristies 
little, so that its deformation i is approximately the same, in which case, 
kes although the building i is stronger, it will probably suffer as much wall and 
‘partition damage as it would under 8 20-Ib wind design. These results a 
because the factor (0.1W) was based on rigidity, which neither design 
possessed, under the action described. stiffer building received the 
accelerated movement, inereased by additional acceleration due to yield. 
= The flexible structure absorbed the accelerated movement in its deformation. aa ; 
pd From the writer’s viewpoint the requirement by ordinance, for the foregoing, 4 & 
should h have been: Acceleration = 3.22 ft per sec*; and amplitude = 0.25 in., 


50 in., or 1.0 in., depending on the soil, with corresponding periods, pn 


* “te 0. 5 e6, | 0.7 7 sec, or 1. 0 sec, in which case the designs would have been more 


—In high flexible buildings the danger of ‘resonance is 


due to the fact | that an earthquake ‘Period i is if ever, on as the 
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In low stiff buildings there is a danger: of the period 


| Damage.—There is no doubt that wall damage is unavoidable porerres 
| deformation except in such low structures (as to height and design) that their 


| maintained period i is less than 0.5 sec, in which case deformation is small. _ eked a 
Pas 


gidiy le ebotted af} si! mainotdoays old 
Jacos J. Cresxorr,!? Esa. (by letter).—Under the’ headings “Dynamical 

Theory as a Guide to Practical Design: ‘Fundamental Practical Rule” and 

of Resonance,’ the authors interesting 


4 - Since m equals A the fundamental practical rule of the authors may be r 


statedas: ad of | bent ure ei xd 


alovel toot h 


it should be kept i in mind that, some designed 


‘a have reacted well during earthquakes, it has become increasingly apparent ieee 
_ survival in these cases has been largely a matter of chance. wee: 
e wz _ The following factors are involved in most of the earthquakes that occur in 
F dory United States: Invisible elastic earth waves are generated by the slipping 
. Upon reaching a certain location, these waves jar 
the: site and its superimposed structures into vibration. The response of 
_ particular building i is determined by the complex relationship between the earth ets 
_ waves, the site, and building characteristics, but principally by the resonance eS me. 
or synchronism ratio between the dominant periods of the site and building. an 


in aseismic > design has been pro not only theoretically, as in ‘the: paper ae 
4 by the authors, but experimentally by Arthur C. Ruge, Assoc. M. Am. Soe. C. s 
E.,!* and others, and by analyses of actual earthquake damage. _ A. Blake: - 
"shown" that the periods of invisible earth waves may be of any values included — 
MW in the entire Tange of building periods. - One or more dominant periods may 
in a a site vibrating by reason of the passage ¢ of these w ; waves throu igh it. 
‘Finally, the superimposed structure vibrates in a number of natural periods. ee 
g At first glance therefore it seems improbable that a practical rule for ay 


estimating the probable effects of synchronism can be e formulated. _ However, a De Ca 
the writer is of the opinion that (except for the improbable case of | synchronism a 

__ between the earth waves and the site) the degree of synchronism existing be 
fren the dominant site. and building periods is a reliable index to the probable “ia eee 


extent of stresses. due to synchronism. 


Barthquake Resistance Elevated Arthur C. C. Ruge, 
. Soc. C. E., May, 1937, p. 801 bn 302 .o% 


Hence, the fundamental practical rule of the authors will be recognized 
oc tho hacic af the ctatical mathod af acoicmic dosien Naturally statiza] 
— 
— 
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eal Society of America, July, 1983, p. 111. 


CRESKOFF ON, AND STRUCTURES 
The dominant periods. of a site can be by j jarring it with 
mite blasts, or with a shaking machine, recording | the ‘vibrations 
graphs, 
building ean be found by recording and its as caused by 
; wind, or. with a shaking machine. In the case of a projected building, the 
he : writer agrees with the authors that a designer is powerless to estimate the 
4 ce possible danger from synchronism unless he can compute the periods of vibra- 
—_—_ of the building. Fortunately, there is now (1936) available a wealth of 
data on building vibrations. With the plans and loading of the 
_ building, the empirical data, and the available vibration equations, the designer — 
a can compute the periods of the projected building | with reasonable accuracy, 3 F 
Se For example, suppose that, as in the statical method, the horizontal force 
Baie to be resisted by a building is assumed to be acting at right angles to the — 


elevations of the building, at the foundation, and caleu- 
in which the horizontal force at the section under consideration, 
pounds; K is a numerical constant depending on dynamical and experimental 


a considerations (see Table 2); Wi is the total dead load plus actual live load % 


Site Material 
| 


Bed-rock ai | 0,05 
Consolidated ground 0.05 a 
ground 0 . 09 | 0.09 - 


and T, is the period of heation of the site, in seconds. The 


re ratio Om t that gives the largest value of K in the plane of. 
io ad dites al bigiz cite 


is to be used. The values of K given in Table On be divided, 


however, by the order of the period of vibration (that i is, , the f undamental period 


will be divided by (1), the first harmonic by (2), ete. ). The minimum v: value of K 


used for any building will be K = 0.05, for for which 


is not less than 0.10. ig 
ij > 


‘Thess seismic force, = = W K, acts against t 
‘that the mass is concentrated at the floor levels, and that floors ea horton : 
«girders that deflect as units, then the columns and beams between two 
floors m may y be regarded as as vertical beams—deflecting equally because 


of a concentrated horizontal force acting against the upper floor—and with end 
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beams, and to each in proportion to its relative rigidity. 

r pect will be noted that the values of K given in Table 2 are frequently much oe Be 

a larger than the maximum value described by the authors under their funda- Geo 

is mental practical rule. This is to be expected, of course, since the values of K by 

in the table reflect the i influence of synchronism b between site a. building — 


might judge that the use of such high values of K add 
to the cost of a structure. This might be the case if the frame of the nora 
is to be designed for these large values of K. However, if, in addition to the 

3 frame, the walls and floor and roof slabs are designed to resist the seismic foree, 


affect, appreciably, the cost of the building a as a a whole. “adi 4 
sft ARTHUR C.R Rueg, a Assoc. M. Am. Cc. (by letter). —This interest- _ 


«ing paper draws attention to the great difficulties in the way of rational design — 2-7 


against earthquakes. ? Certainly it is clear that a purely analytical approach 
) to the problem : is out of the question, except for such general and valuable 
qualitative information as that developed by the authors and several other. 


__writerson the subject. The natural tendency of the average designing engineer bi 
3 is to throw up his hands at the thought of making any dynamical analysis & at 
all, and it is only through the | persistence of these investigators that the subject — : 
3 is kept alive and with it the hope of an ultimate solution. —>/ ae 


“1 ‘Tt he writer would like to comment upon afew statements contained i in ip 
paper with a view to further clarification, rather than criticism, and to add some 
_ comments on the interpretation of forced vibration analyses like those presented 4 


ty the authors. 


_Itis clear that the: the importance eof the response 


of structures, and that they regard the forced or steady-state response as only 

a guide to jud ment in design. a ‘There i is one important point, however, mich ey 
a seems to be quite generally overlooked in connection with the behavior of the 
a higher modes of vibration. It will be found invariably that a considerably 
i - closer “tuning i in’ ’ of earthquake frequency with natural frequency i is required 


ae in the higher modes for the same . degree of dynamic magnification; the higher — 
mode, the sharper the tuning must be. 


ak? 
‘This fact is well known to those who have had experience in generating | the & 

higher modes of vibration of mechanical systems or models. casual 


experimenters have had the mistaken notion that the effect is due to a greater 

po degree of damping in in the higher modes. _ Although i in some cases there may be “as ex 3 
od 
greater damping and an attendant reduction of magnification in the higher 

: a modes, the presence of damping will always tend to make the tuning less critical a ek 


, = at resonance which, therefore, makes it impossible to explain the tuning phe- 


4 


nomena observed on the basis of dampingeffects. |§§ 
ted Physically, this means that the probabilities of damage in in the lower n modes be 


are far than i in the simply because the degree of tuning is less 


i in the levies modes. an example, consider the Fatio 
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tars That j is, the earthquake period is 5% above the first mode 1 resonance and 2% 
ty = ae above the second mode. It is apparent that the tuning in at the second mode ¥ 
— must be more than 2} times as sharp as at the first or lowest mode in order to 
: produce the same dynamic magnification. The effect becomes even more 2 
"pronounced above the second Now, it must be remembered that the 
s but magnification factors—the shears a 
3%), oe are V = 7.0 Vo’ and 4.6 Vo’; and it is eh that a second and equally important. a 
a consideration enters; namely, the actual values of Vo’ decrease very definitely bi a 
oe: an the higher darthauske: frequencies and hence at the higher modes of buildings. o 
4 Exactly what law governs the variation of earthquake amplitude with f requency — 
is not quantitatively know 
3 with increase in frequency i is too Gell known ti to be debated. 4 Over v very limited - 
Rat ranges the trend may be reversed; but when widely separated ranges are com- 


j 


y expect to find 
tude § in the range of the modes. 
= _ The natural conclusion, therefore, seems to be that the modes above the 
first (or, in rare structures, possibly t the second) ; are not nearly : 80 important as 
— be indicated by a superficial study of the steady state analysis. “Iti is 
on the basis of such reasoning that the writer questions the ‘statement (se 
ae ‘Part 2%, under “Dynamical Theory as a | a Guide to Practical Design : Danger o of 
‘Resbnance”) ‘that: “Since ‘any given structure has a multiplicity of natural 
I periods, and since the harmonic analysis of seismograph records has shown a > 
; considerable range of values of T, it seems impracticable to ft f ormulate any sie poo 
for minimizing the probability of ‘dangerous stresses due to: resonance.’ 
it seems to the writer that by limiting the modes to be studied to one oF, 
perhaps, two, the problem i is not 80 hopeless. as it ‘might at first seem. ‘The 
- mere fact that difficulties still beset the investigator should not lessen the 
determination to achieve a full solution ultimately. 
oa is Bee. ‘Iti is further true that the frequency selectivity of the higher modes may be 
"augmented by proper design. Indeed, the introduction of a flexible first story 
has just such ane effect, as may easily be visualized. The only objectionable 
- feature of this construction is that it increases, considerably, the liability of the 
ce first story to damage, due to the lowered period of the f undamental. The write 


has yet to see a suitable and economically feasible design proposed for the firs 


See “ ical Society of An Determined Dynamic Shears * * *,” L. F. Bultetin, 
of Vol. No. 4, 1938. 4 
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fe Structures”), to thee effect that the! forces of the moving ground are unlimited, 4 ‘ 
gow: require some modification. rs Although it is doubtless true for structures 0 on 
rock and for light structures on compact soil, there is reason to believe that 
heavy structures resting on soil do not behave as if the ground motion — were 
inexorable, but instead they influence the ground movement locally to a a marked > 
tow - Some evidence of this influence has been noted in the effects of the | 
Japanese earthquake of 1923, and analytical studies by K. Sezawa and K. 
Ka lead to the same conclusion. Professor Jacobsen has also presented a 
valuable study of this phenomenon.*4 UA baa god old te oi 
‘In Part I (under “Earthquakes : and Their Effects’), the authors express the 
limits of of earthquake as 0.1secand2sec. This is a much disputed point, 
however, and there is reliable evidence that wave periods much longer than 2 _ 
sec occur in destructive earthquake motion.** In general, it appears that the oe 


"more severe and extensive the the more prominent become the 


shows: a ‘surprising amount of long-period motion. Of course, waves shorter 
than 0.1 see occur, but the authors probably ; considered them of no structural 
importance, Perhaps thi this question might best be left open at present. 
s In Part I, the authors omit consideration of the possibilities of the experi- Z 
ve delhi or semi-experimental approach to the problem of anti-seismic design. a 
a The writer believes that sufficient facilities exist for extending the knowledge Be 
ey is of quake-resistant design to the point of practical significance by combining the oe 
experimental and analytical techniques effectively. The principal reason for Se 
a the lag of accomplishment b behind facilities has been, andi dis, the lack of adequate Ris 
fu nds for establishing the requisite long-time basic researc 1 with me dil 
personnel. To say that the surface has only been scratched is to risk exaggera-— 

tion, but the profession owes a debt of gratitude to those men who have pushed _ a 


"forward the theoretical analysis until the possibility of a practical solution F 4 a 


Waurer L. Huper,** M. Am. Soc. C. E. (by letter).—A basic assumption __ 

not mentioned in the authors’ development of the equations for the vibration a 
of an elastic cantilever i is that the formulas hold only for the “steady state” — iam 
condition—that i is, the condition obtained only after a interval 


of time has elapsed since the initial harmonic impulse. This one assumption ie a 
_ alone, not including those pointed out by the authors, is difficult to substantiate re: igs 


an erratic ground movement as experienced during an earthquake. 
the same time, since this “steady state” condition is not likely to be realized 


Bulletin, The Earthquake Research Institute, Tokyo Imperial University, Vol. XIV, 
5 %“ Natural Periods of Uniform Cantilever Beams,” by Lydik S. Jacobsen, Proceedings, as 
m. Soe. E., Vol. 64, No. 8, March, 1938, Dp. i 
Barthquake Investigations in California,” Special Publication No. 201, U. 8S. Const 
and Geodetic urvey; see hapter 9 by B. Gutenberg. 
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07 ON ‘BARTHQUAKES AND STRUCTURES 

inan earthquake, it suggests the application of the impact theory as developed 

= Prof. Joseph N. Le Conte i in 3930: 7 During earthquakes there is consider- 


stack of the Seal Beach Station of the Los Angeles Gas and Electric Corpora. f 
~ tion, due to the Long Beach earthquake of March 10, 1933, the spplication of ; 
Professor Le Conte’s paper was studied as one line of analysis. td oldewxsith 


_ This stack, weighing about 2 800 tons, was 317 ft high, rising from a con- 


24 ft in deeiiee | at the top and 35 ft 6 in. in diameter at the base. “The p prin- 
cipal reinforcement consisted of vertical steel bars. Circumferentially only 
a8 two layers of steel fabric were supplied for reinforcement. — The stack suffered % 


its height, where many |! horizontal cracks opened. Incertain places it it appeared 
aA. that such cracks had opened and had then come together. This was particu. 


__ Determination of forces due to earthquakes to which complicated HroctyEt 
_ are subjected is not an easy task, and opinions advanced from such Seber a 
_ tions are not always beyond question. On the roof of Seal Beach Station three 
20 000-gal water-tanks | would seem to afford opportunities for rather Fras ee 
determinations. even i in this case, however, certain very essential information 
| For ir instance, it was not _ known whether, at the time of 


the tanks were ‘filled. It seems probable that two. of them 


were not filled, but that the third one may have been, and probably was, : 

approximately full, _ Assuming that it was | filled and assuming t the aire 

_ ‘strength of certain rode-i in the tank frame which were broken by ‘the earth- 

eee to be 65 000 lb per sq in., the force necessary to have caused the destruc- 

S, tion of these rods would have ‘amounted to 27% of the force of gravity; or if 
. the ‘ultimate strength c of the r rods | were assumed equal to 70 000 Ib. per sq i in 

_ this force would have been 30% of the force of if the der 


considered the minimum foree. It is not baton how much this force pri 


that n necessary to rupture the rods. O bans jon 


"The tank in question was supported on the roof of the station about 65 ft i As 
above the ground. On this roof it is” probable that both accelerations and 


displacements were considerably more than those of the ground beneath the 


aa f ‘inna Since the earthquake of June 10, 1933, instruments have been 
installed byt the U. Coast and Geodetic Survey to record in the 


sufficient to start one instrument will start both, thus: giving 
records. ‘These instruments have shown (as in the case of 
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oN -BARTHQUAKES AND STRUCTURES 


with the “cantilever method’ indicated that, for a force of 20% of 
rt gravity, the reinforcing steel would not be stressed beyond 16 000 Ib per 8q e 


in, in tension, and the concrete, beyond 650 lb per sq in. in compression, which a. 


3 _ Professor Le Conte’s method of analysis requires sc some assumptions which © a 
& are not realized in their entirety, but which were particularly adaptable to this — se. 
stack. These assumptions are that the structure shall be rigid, prismatic, : and et a 
free of all support. the stack was elastic, not truly prismatic, and 


had an elastic support, but. these conditions approximated the assumptions 


b bot comparison of the moments derived by the cantilever method with those a 


_ derived by following the method outlined by Professor Le Conte is shownin a iy 


5 Fig. 6. The ‘moments shown there are derived by applying a force of 25% of ps 


™ base, the cantilever a gives moments far in excess of those of the Le =i 3 
Conte . method, and it is also of interest to note that the lower part of the stack was aap a 
4 itl damaged. On the other hand, above one-third of the height the moments z 
"ae 4 are | found to be more than those for which the stack was designed—in places = 


‘more than double. . Itis also interesting to note that at the very points where Ne oe . 
this analysis indicates largest moments and over-stressing of the steel, the stack 
ae 7 shows the stresses in the steel and concrete corresponding to the - q 
moments and shears obtained by the Le Conte method of analysis. For a ™ 
Pes heights of from 150 to 225 ft, or from 47% to 71% of the total height, the - ship a 
a tensile stress in the steel reinforcement was found to be more than 50 000 Ib a 4 
aa per sq in. and more than 60 000 lb per sq in. at a height of 160 ft, these stresses ag 
bei being beyond the elastic limit and approaching the ultimate e strength of the i 
‘material. It should be noted that unit stresses of steel are a function of the Ai; — 


Bay Fig. 8 the very close agreement between computed stresses and the ca a 

experienced cracking and failure of the stack i is clearly shown. nt 

Here i is a practical example where the necessity of satisfying 1 more than 
‘merely the laws | of statics is clearly necessary to ‘produce an earthquake- 


"resistant structure. 4 In applying mathematical analyses to this problem the 
writer was guided by detailed studies of damage by the earthquake, which is a ei 
“ test to be highly regarded. _ Every such mathematical analysis i is only | as valid 
ee as the assumptions on which it is based. Too often assumptions are made By may. 
at without a firm foundation, and thereafter t the analyst is inclined to forget the = fe 
e doubts which troubled him when making the assumptions s and to accept the 7 ee 
esl of the intricate mathematical analysis as the final solution of the a 
problem. Although the stresses found in this investigation were, i in all eases, 
considered to be approximate, the application of the theoretical analysis 
substantiated | by damage observed in careful and comprehensive inspections 
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reconstruction because it was found necessary to remove a considerable part a 
23 aoe of the stack without replacing it. The problem was thus removed from the 
‘Thee experience noted was in accord with that of other stacks built on the 
tops of buildings and which have been subjected to earthquake shocks. Homer 
Hadley, Assoc. M. Am. Soc. C. E., in commenting upon damage resulting 
from the Japanese of September 1, 1928, fir 


built up from the tops of buildings, 
they 1 failed i in 9.5) yi bovinsh atnomoarst low aS 


riled attempt was made to apply the so-called “hammer theory” in an analysis 
of the stack, utilizing some of the work of Walter Ruppel, Assoc. M. . Am. 
By this theory moments somewhat larger than those heretofore 
age enumerated i in this discussion were found in the lower 90 ft of the stack, but ties 
— these were all less than the moments for which this part of the stack was 


designed. Above this lower section, although following: the same general 
shape, the moment curve showed somewhat smaller moments. _ This condition 


a vertical reinforcement was stressed beyond its elastic limit. It is the writer's 
Opinion that the base of the particular stack under consideration did not have 
enough effect to make the “hammer theory” applicable. uf 
‘Tt would be interesting | to investigate the stack by means of the vibration a 
nity theory developed by the authors, but this is not possible with available data. “ee “ 
nie a is some difficulty i in determining the period of ground motion from avails 
able seismograph records. These records verify the authors’ statement yor 
I “Earthquakes and Their Effects’) thee: adt 
“The waves that damage structures” ‘are impressed waves, chang 
rapidly i in period, amplitude and acceleration. Seismograms rarely show 
traces of harmonic waves, or those with regular characteristics. This is" 
a. _ probably a very fortunate circumstance because it prevents, to a oe 


T 


pe 


< 


“motion at the of the power- -house, or the bee of the stack. i 


EREmIN,”* M. ron E. ‘(by letter) —tThe moment 
inertia of mass has a negligible ‘effect on the distribution of earthquake stresses 
in the vertical long (compared with transverse dimension) beam, as corte 
+ a stated in the paper. Likewise, one may easily find that the error from neglect- m 
ing the influence of moment of inertia of mass in a vertical short beam is less . 
than that from neglecting the influence of shear stresses. If the moment ec 
“a inertia of mass is not considered a more direct development of the equations : 


Equation may be derived from and from the well known 


> 


els 
ex 
3s 
qu 
his 
ates a 
th 
to 
— 
bt 
oc 
4 
Wi 
? 
— 
— 
— 
| 
= 


equation: 


Henry | D. 39 M. AM. Soc. Cc, letter) — —This paper i is an 

and terse presentation of those f undamentals of the behavior of earth- 

| quakes, and of structures during earthquakes that are of particular importance es 
to ‘the structural engineer, | In Section I, Mr, Galloway has quite properly — 


structure earthquake ‘resistance. 


‘The writer believes that the statement (nee. 
Their Effects: Relation to Structures" *), “In the case of high, narrow structures — 


the vibration period is often n close to that of some . of the maximum waves and, 


unless the structure is well designed, serious damage will result if the shock is ef 
of long duration, ” should be amplified. _ The danger of resonance is not confined A 


- to high and narrow structures; neither is it at all certain that only the maximum 
earthquake waves are dangerous to Herein it is understood that 


_ by the term “maximum earthquake waves” is meant the transverse waves — 
that have the greater amplitudes. If the : periods of the earthquake and the 
building” are substantially in agreement, ‘serious damage will undoubtedly 


occur, even if the shock is of short duration; consequently even a “well. de- co 


signed” structure will probably suffer seriously. After all, the term “well — 


~ designed, ” when used in connection with ability ‘to resist an earthquake, is 


rather relative. 4 The writer understands that, as used, it means a construction — 
i | a‘, with the structural units well arranged, designed for ample dead loads and live : 
— loads, with conservative unit stresses, with walls | built integral with the struc- — 


:" tural frame or well tied and. anchored | thereto, and with all connections of © 
sufficient capacity to develop the full strength of the members connected; and, 
in addition, it means" that | the has | been designed to resist definite 


lateral foree from any, direction. bins il le al 
Galloway has correctly stated (see heading “Earthquakes and Their 
Effects’”) that, foundation ‘material is the important element of the 
"movement Cof the ground in an Solid rock moves the least; deep 


alluvial soils saturated with water * ies * * will have the greatest movement.” _ 
ee Lest inference be e drawn from this | statement that damage is always greater 
: When the structures are founded in alluvial soils than in harder or diluvial soils, — 


‘2g and concrete buildings was g greater to those buildings | situated on the up-town no 


‘diluvial soil than to similar buildings situated i in the down- town soft alluvial — 


30 3 
foil” R. R. Martel, M. Am. Soc. C, E.,states* that: 


_ * * *® somewhat similar results were obtained from a study of effects _ 
ot; of the Long Beach earthquake of 1933. There the damage to brick a 


Cons. Civ. Engr. (Dewell and Earl), San Francisco, Calif. HOE 
Vibration of Structures and a Method of by Suychinn, Inokuty Technical 

“Effect on Foundation of Earthquake Motion, ” by R. R. Martel: at the meeting of the 
Mechanics and Foundations Division, San Francisco, Calif., July 26, 1939 (not published). 


it may be mentioned that i in the 1923 Tokyo earthquake the damage to brick a 
# 


q _ 
f 
arthquake and of the problem of giving a 
= 
_ 


ef 
= 


any in forecasting ‘the relative on n different materials.” “The 
a foregoing statements are illustrations of the often observed phenomenon, that — 


ee almost every rule or law of earthquake action on structures has some exceptions — 
‘ie Referring to the possibility of resonance, Professor Hoskins states (heading a 
“Conclusions from General Theory of Forced and Free Oscillations”) that to af 
* * it would be n necessary to have full knowledge regarding 
ae ‘“‘As regards the second question, it is obvious that the designer is 
ne powerless to avoid the dangerous condition unless he is able to estimate et 
Vai in advance the natural oscillation frequency of any projected building. 4 


ae _ Of great value for this purpose would be data concerning actual oscillation 
ay periods of my existing structures so selected as to serve as types.” 


pe 


f In this ‘connection Mr. Galloway has noted (heading: “Earthquakes and 
Their Effects’) th that “The Earthquake Committee filed with its report* the 
vibration ‘periods: of a number of buildings in San Francisco 
: : data of similar kind have been published.” — ’ It may be well to amplify Mr. x 


ia Galloway’ 8 statement by noting that from this rather small beginning of the 


isk 


g 
: 
i 
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- Earthquake Committee resulted the extensive program of measurements of. 


= “i periods of buildings, bridge piers, water tanks, and dams, by the U. S. Coast 2) 
and Geodetic Survey, the results of | which have been published in in the Balin 


of the ‘Seismological Society of America. and are summarized in the Survey's 
Special Publication No. 201, “Earthquake Investigations in California, 1934- 
1935.” In all, the Survey made about 1 200 observations on 400 buildings, 
150 observations « on 41 tanks, 200 observations on special structures, and 500 
Sy - ground observations. A portable ground and building shaker was developed i 
at Stanford University, Stanford University, | Calif ., and tests were made with 
this machine on buildings, dams, and bridges, and on the foundation ground — : 


saa Because of the complexity, intricacy, and the length of mathematical work — 
necessary’ for the solution of the stresses in any but the most elementary begs 
of structures when subjected to even simplified types of vibratory motion, the — 


writer believes that the greatest gain in current knowledge of 


othe engineering structures subjected to artificial vibration of predetermined — es 
pattern, amplified by theoretical study. - The most promising procedure i is the 


= if possible, of those static loads 1 which m: may “be used a as the ¥ 


equivalent of the dynamic shears for buildings of different 


a resistant design will come from | experimental studies of models of buildings sand ate 
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EWELL ON EARTHQUAKES: AND STRUCTURES 


by Prof. Lydik 8. Jacobsen’ in the Vibration’ Ressarch Laboratory at 
Th, at Pasadena, Calif., and Prof. Arthur C. Ruge at the Massachusetts Institute _ 
a eal Technology, at Cambridge, Mass. Some of the results of their work have ti 
been published from time to time in the technical press. Of particular interest _ 
ret the experiments” « of Professor Jacobsen on a model of a 16-story and a 29-— 7 
 Aspecial type of structure studied by the writer, acting as a , member of Mr, i) 
_ Galloway’s Earthquake Committee,* was the tall, free-standing chimney. 
a Sufficient data were available, through the courtesy of the Japanese members — 


i, of the Committee, on the behavior of a large number of these chimneys during Pe 

: he Tokyo earthquake of September 1923, to warrant a study. ‘The writer er 
endeavored to correlate the location of the fractures in these chimneys with 

a the theoretical locations when computed according to the impact theory } 

- gented by Professor Le Conte*’ in 1926 using assumed ground accelerations w 
_ thought to be reasonable. Conversely, he computed the ground accelerations — 
theoretically necessary to. cause the fractures that had occurred. In these 


< Resisting Moment Based 
on a Stress of 30000 


gs & BB 


Elevation, in 


on 
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computations the formulas developed by Le “were modified 
¥ with the assistance of Walter Ruppel, Assoc, M. Am. Soc. C. E., to adapt them © 
to the case of a tall, free-standing chimney, of truncated form, considered to " 
* act integrally with its foundation, the latter ‘usually being a massive block of _ 

eonerete. _ These modified formulas represent the so-called “hammer theory.’’? 


#"“Experimentally Determined Shears in a Sixteen-Story Model,” by = 
and Robert S. Ayre, Jun. Am. Soc. C Bulletin, Seismological Soc. of America, October, 1 i 


Stanford University, Professor Martel at the California Institute of Technology, 
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<< 5 <2 sistent nor reasonable and the writer came to the conclusion that the action ey I 


= as of these chimneys | had not been similar to that of a free, prismatic rod subjected 4 
-«-Tt may be questioned wh whether there is any earthquake phenomenon corre- _ 
a sponding to a sudden blow or an impulsive force. It has been ascribed by — 
7 some to the first longitudinal waves of the earthquake as distinguished from ‘ 
‘| the large transverse waves which result in the violent swinging of structures, t 
‘Seismographic records, however, have not generally indicated any such v violent 
; a: longitudinal waves. Possibly the sudden transition from the preliminary — 
_ vibration of the earthquake wave to the first violent swing of its major portion — 
might produce, i in effect, a sudden blow. 
_ A few years ago the writer’s office had occasion to investigate the earthquake — 
Tesistance of a free-standing, Teinforced concrete chimney, 222 ft high. i The ; 


cf and of ( Hoskins, , using ‘an assumed acceleration of 0.29 and ratios of the period — a 


n Feet 
5B SR 


> 


» | 


ation 
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Elev 


tee of the earthquake to the natural period of the | chimney of 1.25 and 1. 50. ‘The ae 
eo curves representing the results of these computations are shown in Figs. 9 and 
; | Referring | to Fig. 9, the moment curves, it will be seen that the zone in ag 


whieh | the active momenta exceed the — moment i is aati the same : 


a 
q 
"4 
4 
_ like manner, the shearing resistance of the Ib per sq in. 
— 
— 
=e 
‘i 
Thi Shear Taken by concrete @ a 
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£3 


fh the impact moment and the senha: moment. 1 Iti is true that the +. 


_ beyond the curve of resisting moment. It is also to be observed from Fig 10, 


x showing the shear curves, that the theoretical : zone of over - stress is essentially 


the same as that determined by the moment curves, although the over stress }B 


of shear is very much less than that of moment. toute 


many years | engineers generally. accepted the stated conclusion of the 
apanese seismologist, the late F. Omori, that free-standing chimneys usually a 


_ broke at two-thirds their height, and that their action a during an certhquahe 


somehow bi brought into. play their centers 3 of | percussion, a although the center of 
percussion of a chimney of the usual truncated form is nearer one-half its height as P 
than two-thirds. Indeed, the term “center of percussion” came to be associated 


with | tall, free-standing chimneys and it was even thought by. that the 
value of acceleration should be doubled when used in the design of chimneys 3 
‘In 1929 at the World Engineering Congress, I. Hiroi,™ late Superintending 
of the Home Department, of Tokyo, presented paper it in which 


which the took place was ‘almost inthe 
» come to the old idea that it should be at two-thirds the — a 


8 opposing the acceleration at the lower end to equal ad 
3 eet _ to that of the ground, (say 3 000 m.m. per second per second), and assuming Pre, uf 
it to increase by 50% nearer to the top, it would be oe enough in most z 


Concluding this discussion of chimneys, the: writer it more 
* _ that the earthquake fracture of free-standing chimneys is due to the effects of 
> vibration rather than of impact, and results from failure i in moment or shear, & 
Rs or a combination of both. It must be recognized that tall, free-standing 
; chimneys, both of brick and of reinforced concrete, are special types of struc- 
tures that are inherently vulnerable to earthquakes. bait 
_Joun D, Gautoway,* M, Am. Soc. C, E., anp Lyprx 8, Jacossen,** Esq. 


(by letter).—Some points made by the several, writers who have discussed 


of Da e to Engineering Structures Caused by Great Earthquakes,” by I. Hirai, 
: Paper No. 117, Proceedings, World Eng. Cong., Tokyo, 1920, Vol. 9, p. 25. — . ati gional 
“Prof. of Mechanical Eng., Stanford Univ., Stanford Vaiversity, Calif. [Prior to his death on Sep- 
tember 8, 1937, Professor Hoskins had pe: rsuaded Professor Jacobsen to act for him in prepa: the closing — ary 
comments of this paper. Throughout, the word “‘writers” is in Messrs. Ficekine 
joway, with the understanding that, in the closing discussion, 


itd 3 ¥ not greatly different assumption of earthquake period and acceleration would te 4 ye 
neaduced a larger carthauake mament avam a. nf neasiads 
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‘ + paper seem to require further « explanation i in order to make the vase x 


. > W Mr. Hadley seems to doubt the value of the theoretical treatment of design 
= of structures to resist earthquake waves, owing to the great complexity of the 
forees. The value of the theoretical treatment lies in the fact that, if the 
treatment i is correct, there will result a consistent design of the structure. ‘The 
assumptions are necessarily uncertain and should be simple. However, 
= cs _ once made, there is a possibility that the design will be so consistent that no 

; part of the structure will be found wanting when subjected to forces of the * 
_ shock. It is to be doubted whether Mr. Hadley would advocate designing is 
ene where ‘ ‘good guesses” ’ formed the basis of design. Under such a 
procedure, some brace or other essential | member might be left out, and the 
whole structure brought to failure thereby. Experience, such as that indicated = : 
= a by the e writers, is a guide in making the ) assumptions: upon 1 which theory i is ee 
SS tee such as the acceleration expressed as a percentage of gravity, which is of — a 

a greatest value. Once this is determined, theory may be brought in re 


eae a fairly consistent design. _ The writers must differ from Mr. Hadley 


in his statement that “ wats it is not ; apparent that the weight | of the con- ya 
has any appreciable bearing on the matter at issue. ” The “Mase 
the structure measures the forces set up therein by the earthquake. Reduction 

4 tas 2 = of mass, with the corresponding decrease in stresses, permits a design in which ae 
such stresses can be taken care of i in a better manner. * This remark applies aa 
particularly to the joints of an articulated structure. In regard to visible 
surface waves in earthquakes, it is suggested that Mr. Hadley examine reports 1 
i } of various earthquakes where such waves have been reported. Possibly the 


experience of one excited observer in Tokyo and a quotation from Shakespeare 


3 


would not be considered sufficient to offset the uniform — testimony of the I 
The « comments by Mr. Beanfield constitute an interesting summary of the y r 
. 4 problem from his point of view. The writers are in agreement with most of his — i 
remarks, but they cannot concur with his is positive statement in Item (6) that 8 
“Tt is a well-established fact that the: only | proper method of judging earthquake 


- intensity is by the kinetic energy method.” It is true that much is in favor a 


_ of this method, and that rationally it has a good foundation, but it has not yet — ee 
become “a well established fact.” It remains an hypothetical, although a — iy 
plausible, method. od Jeng: udtod jo @ 
Suggestion (a) offered by Mr. Beanfield is a rule for computing the “maxi- 
mum period, acceleration, and dynamical Shears,” presumably on the criterion 


However, the statement that “the maximum statical 
oe * * [due to 0.1 g] is also approximately the maximum amplitude of its 
transient vibrations” seems to be without theoretical backing; at least the 


—— reference | given to Timoshenko’s book" does not warrant such sweeping con; 
eee clusions. — Again, under Suggestion (c) the statement that ‘The natural period 
ofa structure ascertained by the foregoing method ‘should not exceed 0. & 
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GALLOWAY ‘JACOBSEN ON EARTHQUAKES 


The influence of the on the of a structure i is s largely 


it is questionable what is meant by “reasonable accuracy”’ in determination 
of the period of a projected structure. The usefulness of Table 2, given by aoe 
Creskoff, » would depend on the ‘designer’ 8 ability to estimate the period 


0s and even then the use of Mr. ‘Creskoff’s table i is 


: __ The discussion by Professor Ruge mentions the fact that a closer ‘ ‘tuning 
a in” of earthquake frequency ° with structural frequency is necessary for the in a 
higher modes of vibration if equal dynamic magnification is to be expected. ie, 2 
= The writers agree with this fact and admit that the absolutely “steady st state” om at, 5 ‘ 
a of vibration, considered in the paper, is so idealized that application to actual Sis 
i= conditions must be tempered with considerable insight and experience on the ache 
part. of the designer. Professor Ruge also calls attention sto the fact that 
1 large building will interact with, and influence, the ground on which it stands to 
| ‘such an extent that the forces of the moving ground are not unlimited. This - 
a is also in agreement with the view of the writers; moreover, this interactive Bt. 


of a large building with its foundation makes the period ratio by 


‘Mr. Creskoff as well as by the writers, rather indeterminate. 
ig ve Mr. Huber differs from the analysis of the writers which holds « only for the a om 
; “steady state” and in his investigations of the Seal Beach Power Stationchimney — a 


that the “impact theory” is based upon the supposition of infinite 


"conse 
4 structures fall short of approximating these assumptions. — In the case of the >= 
Seal Beach chimney there was an agreement between the observed damageand 


: he used the ' “im mpact theory ” as developed by Professor Le Conte. . It will be ae rs : 


the results of the theory. “ However, the location of the damage is ‘equally well ae 
_ explained by the elasto-dynamic theory if it is supposed that the second mode ba ek. - 
vibration was excited instead of the fundamental mode. Calculations 
- Observations make it seem highly probable that the earthquake of March 10, _ 
1933, excited the second mode of the more violently than the 
The analysis ‘of this | particular chimney indicates the difficulties that 
; - confront ai an engineer when called t upon on to determine what caused the » damage a 
the structure during the earthquake. Here was the case of a very high and — 
heavy chimney held aloft upon a steel frame—a very unusual design, but one — 
cr: _ not entirely unknown. Mr. Huber adopted an analysis based upon a certain _— 
theory and the “observed effects of the earthquake seemed to correspo ond 
thereto. _ Another theory ry probably would have reached substantially the same Bi 


— 
— 
< 
(rar 
2 
— 
i. — 
— 


GALLOWAY. _AND JACOBSEN ON EARTHQUAKES 


a the writers are of the opinion that the weight of evidence favors the elasto : 
iia In this connection attention may be called to the fact that the speed of the 
earthquake waves is such that when any structure is encountered, the effect — 
_ would be similar to a blow or sudden impact. The waves move at aspeedof — 


A. 


a 


“ several miles per second and it is a well-known fact, asi in bridges, the ianenea 


art in the desi n. _ The entire discussion indicates the complexit, of 
the subject and how differences of opinion may arise. 


: _ The writers agree with Mr. Dewell’s suggestion, namely, to amplify the Be 
under the heading “Earthquakes and Their Effects: Relation to 


din 


Structures. ” The analysis given by Mr. Dewell, of a 220-ft chimney, is also 


very interesting. Again, the moments and shears due to the existence of higher 
mode: vibrations will explain Mr. Dewell’s quoted statement, due to I. Hiroi of 
a a ‘Tokyo, that the damage toa chimney might be located “almost anywhere in the a 
_——s—sswhole height.’** The writers concur with Mr. Dewell in believing it more 


ffects of vibration rather than of impact. 


 Btee that earthquake fractures of free-standing chimneys are due to the 7 
‘The substance of the writers’ paper lies in the statements of the complexity — 


a of the problem and the necessity for some simple assumptions that would make — 
problem one in which a consistent mathematical treatment was possible, 
oe There does not seem to be any material differences among those who have 


discussed the paper, as to the treatment adopted. It may be assumed that 


that the treatment represents the last word on the 
a ate the reverse is true. As more data are accumulated upon the subjects of ‘ cs 
s—especially as to the duration of the movement, ‘the acceleration, 
characteristics of the waves and “(which i is important) the similarity 
ee assumptions that are within the range of mathematical | treatment—a revised 
treatment may be possible that will accord with the additional knowledge 
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TRAFFIC PROBLEMS IN ‘METROPOLITAN AREAS 


Re By EARL J. REEDER,’ M. AM. Soc. C. 


i, 


bel The } purpose of street traffic is to | convey | persons from where they : are to. 


_ where they want to be, and goods from where they are to where they ~ 


part. Safety i is an even more important factor because accidents defeat: 
tn In general, the traffic probleme before all municipalities to-day relate to : 
safeguarding the purpose of traffic by reducing the probability of ‘congestion 
and accidents and by helping traffic to move expeditiously and safely. In - 
_ metropolitan areas these problems are generally more serious than in smaller — 
communities because the concentration of traffic is greater. Although these 
_ problems may be variously classified, they will be treated herein under six __ 
headings, some of which overlap to some degree. These headings are: 
— Helping | traffic through danger spots; (2) protecting the person on foot; — 
(3) stopping the increase in night accidents; (4) reducing traffic concentra- 


tion; (5) keeping speeds safe for conditions; and (6) — for loading te * 


e 


Bi ta Contrary to the belief of many, a city street is not a continuous scene of - oe 

a human and mechanical disaster. In fact, traffic runs along quite well at most E: 
places, thanks to the judgment and skill of ‘the | majority of drivers and pe-— 
and toe _ At certain points, however, accidents and congestion problems 
tend to recur because La difficulties are more serious than individuals can 
_ _In general, a higher concentration of accidents occurs in the more congested 

districts, although the severity is greater in areas with less congestion. Little 


N per was presented at the meeting of the Highway Division, New York, N. Y., 
20, ne in December, 1938, Proceedings, = 


“1 Chf. Traffic Engr. ‘National Safety Council, Inc., Chicago, I. ile fon 
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trouble is encountered where the movements are simple and clearly evident to. 


oe: i. spots” are, and for deciding upon measures which will solve the problems as — 4 


drivers and pedestrians. Where the movements are complex and confusing, 
drivers and pedestrians do not. fully ‘understand the situations before them 
Gg and do not have time to analyze these problems for themselves. 
} 


ae sore spots” and to. provide assistance for vehicles and pedestrians to move 
safely. The purpose of the signs, signals, and markings which are installed —a 
= ne for traffic control is to give the individual driver or pedestrian a little greater 


exist. There is no better single indication of what is wrong with traffic 
a ronal ra than the accidents that occur in it. I In fact, there is is no ) indication t! that equals ¢ 
accident records in importance. Traffic volumes are important in the a 
"solution of traffic problems, but they do not show where the conflicts are, 
 $peed observations are helpful but, likewise, they do not show where traffic 
gets into difficulties. The accident records show where, when, and how these 
conflicts occur. community which does not have good accident records — 
should provide for their proper accumulation as the first step in attacking the 
important problem of metropolitan areas (important there because 
traffic is denser than in smaller municipalities) is to simplify traffic at the } 


ear 4 assurance that others are going to move in a certain way at a certain time sO 
7 that he may act accordingly. For example, a “stop” sign at an 
is intended to bring traffic from one direction to a full stop so that the drivers va 
— in that direction will work their way into the traffic on the cross street at 
moderate speeds after finding out that the way isclear. ed? 
a One of the important ‘principles: in traffic control ‘is to provide enough 


restriction or assistance, but no more than i is necessary for safe and expeditious 4 


movement of traffic, because, after all, human beings do desire to be safe and 
e will act in accordance when they know what to do. — Acting on this principle, . 
= _ the time is passing when a “stop” sign, va! “stop-and- -go”’ signal, or some other A 3 
favorite measure is expected to prevent all kinds of accidents and eliminate 
‘ 


ae << congestion from any cause. Studies of accidents before and after the applica- 


= tion of these various measures have shown that unreasonable regulations— 
restrictions which are not adapted to the accident experience pattern, for — aa 
example—do not accomplish results. There is a direct relation between 
-stop-sign obedience and the reduction in speed that is necessary for safety, 
sins Ae determined in terms of locations, of view obstructions on corners, street widths, 3 
other definable factors. Asa result of these studies, the stated speed 
eS “glow” ’ sign which reads, “Slow to 11 Miles,” “Slow to 14 Miles,” or slow to _ a 
: a any ¢ other speed which is computed as the critical speed, has been developed 
me, for use where full stops are , not necessary for | safety, but some restriction of a 
- speed is needed. _ This sign slows down the driver to the speed at which he 2 
a can determine what the other drivers are doing and can act accordingly. — *{09 a 
The in “stop-and- go” signals and in their use is another 


as for all traffic ills but are invaluable for the types of pati ee 
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been Or More: phases of the eycle of colors have been 


complicated situations. Pedestrian “walk” lights have been developed. 


ieee bo The pedestrian problem is particularly serious among persons who have © 


Special “turn” arrows have been added for unusual movements. Traffic and 
pedestrian actuation has been developed for fitting the operation more 


+ that the greatest of safety is provided, is imperative . For that reason extensive = a 
inter-connected signal systems have become necessary to enable vehicles to a 
move with uniformity and continuity and, at the same time, to provide pro- ae 2 
tection for pedestrians. Although | such systems must often be complicated 
as to design, they must be simple so far as their appearance to the public is _ - oe 
- concerned because their purpose is to simplify traffic movement and make 


easier for each driver and pedestrian to understand what he is supposed to 


vay No signal installation meets this condition more fully than the type in ae = 
Nae on Michigan Avenue, in Chicago, Ill. The timing is extremely complicated — 
because, at points, traffic is controlled independently for opposite sides of the a 
street. _ However, every effort has been made to make clear, to drivers and a at 
pedestrians, ho how they are supposed to use the signals. Turning signals show 
when certain turns may be made to avoid conflict with other movements. — 
a _ Pedestrian signals show when pedestrians may cross. Traffic is kept in step — 
_ by flashing the part of the green light that is not normally required for handling — a 
the volume of traffic at the less important intersections. to a 
ss A _ To simplify traffic by signs, signals, and markings, the ehgineer must do 
| Some more or less complicated planning in order | to determine what should be 
done at certain locations and he must give the ‘public ho advantage of this — 
solution by unmistakable means. Careful engineering planning i thus 
‘substituted for snap driver judgment, to a large extent. Traffic control 
_ systems of the future will probably be considerably more complicated in design igh 
? - than those of the present, although traffic movement will be greatly simplified 
thereby. As public increases through traffic safety 


i acceptance of such aids will be greater, and the results will be even 


Pror H RSON ON Foor 


The pedestrian problem i is one of i increasing seriousness. The greater 
speed and mobility of the vehicle, the ‘more difficult it is for the pedestrian to 


former days must be restricted as the differential between vehicle speeds and tie ms 
; pedestrian speeds increases. an This is particularly true in ‘congested areas where pa 
there are more pedestrians as wellas more vehicles, 
never driven automobiles and who do not appreciate the limitations upon ve ver is 4 
hicle performance, Perhaps this is data from 
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for a recent period of five years during which 1 231 pedestrians were killed. 7 
Ca Of these, 83% were of sufficient age to be eligible for drivers’ licenses, but only 
ee 5% were licensed operators. This emphasizes more effectively than almost 


i: _ any other available data the importance of public education, as well as actual © 


— 


_ a _ In the past, too little attention has been devoted to the pedestrian, in ie 
_ devising control measures. Too little emphasis has been placed upon the need 


for educating the pedestrian concerning the hazards of traffic. Propaganda 
_ has been directed at the driver and control measures have accrued to his benefit; __ 
the pedestrian has been a free — who can himself if ‘ 


There are, and will eontiniee to many ‘ without 
lights for the pedestrian; and he must be brought to closer conformance a 
with the usual signal indications. To encourage this co-operation: the cycle 

eS of operation of signals should not be longer than is necessary to handle the 
efficiently pedestrians: will not wait when t there is ‘no traffic 


The pedestrian program must often be selective. In a recent 


many of died as well we of thaiiy of who were involved 4 
- She oe: accidents, were in areas of special racial, language, or social characteristics 

which would not commonly be reached by the ordinary means of public 
ef propaganda. Many of them lived in the Oriental sections, for example. | The 
usual clubs, English language newspapers, and similar a agencies did not reach ’ = 

‘an = a people, and their lack of appreciation of the traffic problem made many a 
of them unsafe drivers and unsafe pedestrians. The public must be educated — RY 
concerning traffic problems. through agencies that they understand and 


te Closely related to this problem of pedestrian protection is that of the in- 
‘Ss 4 creasing seriousness of night accidents. Pedestrians, in particular, are sus 


ceptible to accidents at night because they carry no lights, and dark clothing __ 
_ often gives little or no rorsgy of vehicle lights. For their protection proper | 
‘Street lighting is a necessity. Experiences in Detroit, ‘Mich., Evanston, 


night accidents, particularly those involving 


a = - How far the engineer can hope to go in providing lights for rural highways ey 
“4 “may be a problem involving some controversy, but concerning the ‘proper 
-—Tighting of city streets where vehicles and pedestrians must intermingle—and ii 
eet intersections are frequent—there ‘can be no question. It is there that = 


the problems of night accidents are more ‘highly concentrated. ‘Iti is there 
Adequate lighting is more than a a question merely of increasing t the 3 
4 power of the involves proper spacing, mounting height, position _ 

to the street, and of luminaries. It is more than 
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matter: of providing illumination to reveal objects that would 
hidden from the view of drivers at night. heels tyguouls: ‘dno él: 
oe again, the best indication of what is wrong is the accident records. . p> 
n the traffic survey of Honolulu, Hawaii, in 1936, a spot map of night accidents * ae 
a prepared and it was found that the spots were particularly dense at certain — 2 
- points and along certain streets, and that they were very few at other places. a 
In general, the density of the spots seemed to bear an i inverse relation to the a a 
quantity of the lighting, much of which was very defective. Obviously, the 
proper approach was to improve the lighting first where the ratio of | re 
accidents to day accidents was the greatest. a aad is a fair approach for any “4 
__ The night-accident problem is not to be attacked ‘entirely from the s stand- a =e 
~ point of general lighting although that is an important part. Special hazards 
- must be specially lighted. % Many persons have been killed or injured i in vehicle ye & 
collisions within improperly lighted safety zones, for example, Center-posts 
in railway underpasses have taken their toll. Signs that were not visible at 
ight have failed to prevent those accidents which they prevented in the day _ 
time. The traffic problems at night are entirely different from daylight prob- Mea 
lems because the very source of illumination i is different. Special illumination 


r hazards « can be 


_f required at hazardous places. to make sure that the 


that the way to avoid them is apparent. 


Ons of the fallacies that must be exposed and o overcome is the feeling that is 
often held by merchants and business people that traffic density is a good iden 
of business prosperity. It may, rather, be a sign of impending business decay - 
decentralization. An important problem is to differentiate between | 
tential business traffic and through traffic that has no commercial significance. © 
ib some cities as much as 30% of the traffic i in central business districts passes — 
‘§ through without making any business ‘stops. - Means should be provided for 
a traffic that is not potentially commercial to by-pass congested districts so that a “a oo 
z these areas may be reserved for easier access by drivers and Sis who go os 
“a _ This is to be done by providing convenient routes properly marked and a 
safeguarded. Iti is not ‘to be done e by compulsion. Traffic that i is not 


4 marked and is a more comfortable route to travel than the streets through +h Be 


Too many cities are trying simultaneously to maintain convenient acce access 


~ to the business houses for business purposes and to handle considerable through a. 


4 traffic which can do nothing but make it more difficult for potential customers — Res 
and clients to patronize the business Persons who are not 


4 
“4 
= 
— 
hg 
2 
x 
a 
— 
— 
— 


Be 3 ——«dAtis only through | proper routing that the necessary segregation of business moe 


| 


—_ business. districts are usually plainly seen from almost any part of the pr 


business traffic can be made. to tend of} , 


of the big of municipalities is to adapt traffic speeds to condi- 
tions. The day of installing speed- limit signs at the boundaries of municipali- 
ties and leaving the individual driver to determine whether he i is ‘driving — 


“safely” as long as he keeps within these speeds, is passing rapidly. - The obliga- — 4 


7 


cs tion of speed regulation for safety is not discharged that easily. Particularly — 


on densely-traveled arterial ‘Toutes, the problem of directing the traffic ‘means 
moving it as rapidly as the physical conditions and safeguards. will | permit in 
a safety. It is not always possible for the driver to judge accurately the maxi- & 
safe speed from place to place because hazards are sometimes hidden. 
Speed zoning, in which the maximum permissible speeds are determined by & 
investigation and are pos ed conspicuously, is an important new 
evelopment. It is almost as necessary as route-marking for directing traffic 
_ One of the most important traffic problems is to create an adequate alles 
a understanding of the meaning of speed zoning, so that drivers will observe the a 
i restrictions that are imposed. _ They are likely to look upon any speed limit __ 
as a remnant of former days when the many who had no automobiles did not Se 
hesitate to impose extreme restrictions upon the few who did have them. 
;. = Traffic administrators must show these drivers that the purpose of a peed- 
-~ zoning sign is 8 to give every ‘driver the advantage of the detailed nginnina 


“4 critical rt 80 that he may not have to depend upon his ‘momentary jules | 
“ment in an emergency to determine how fast he can go... 
rug In‘ ‘stop-and-go” signal systems, proper inter-connection and timing are 
; ¥ very effective in speed control. _ Progressive signal systems are planned to 
"i allow vehicles to pass through i in platoons at pre-determined speeds. If they st 
ss go. at appreciably higher or lower speeds, they come to red lights and are 
: stopped. Such designs are controlled by the volume of traffic that must be re 
" handled, the block lengths, and the cross-traffic at the different intersections. — 
_ There yt piyek is no more intriguing problem in traffic engineering than tha 
lexible ) progressive control system for a street. with varying block © Ag 


indication to ‘the public r must be simple, direct, and unmistakable, as well 

_ Speeds must be appropriate for street utilihabe. _ Where drivers are un- 
“ie to recognize, quickly, the practical limitations on their speed, restrictions — j 
must be applied. As in traffic control for all other. purposes, these restrictions 


= be reasonable and they must be adequately “sold” to the public. — Most i 


drivers will comply with such restrictions when they are understood, but some 


must be required to do so by enf enforcement, 
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and want to eliminate it , altogether, upon their respective 
f pets The primary purpose of parking, of course, is to ) provide access to business al fr, 
houses in business districts. It is a problem which usually develops simul- | a9 P 
taneously with other problems. The denser the traffic, the more acute is the 
parking demand likely to be and the more. serious is the c conflict. 
The primary purpose of providing for access to the curb is to receive or aS 3 
‘discharge passengers or merchandise. . When this has been provided to the 
extent that _ is required, the remaining eurb- “space may be used. for 
parking. However, the process has often been reversed—the curb has been 
_ parked full of cars in actual storage for various lengths of time, and so the 
ca driver, i in order merely to load or unload, has been forced to take any place he if 
could find to stand his vehicle for a few minutes... it may have been opposite <a 
rire fire hydrant or a safety zone, or double-parked i in the street, aif no place at —_ es 
It is inconceivable that cars, will continue to be permitted to park almost — 
; “bumper to bumper in busy city streets, making it difficult for vehicles to o load a 
Ya or unload at the curb. More off-street parking. and loading spaces ‘must be 
i provided. The time will soon come when restrictions will require all business 
a buildings to have off-street provisions for parking and _ places within them, a 
0 on adjacent property, for the loading or unloading of merehandie, leavi ing the — 


EY bags ard streets free for stops to load or unload passengers. — 


‘ 
qj n in > give 
»- one a chance and to provide for convenient loading and unloading. A new 
fe 4 development in the supervision of parking regulations i is the parking meter 
hy which shows, ‘mechanically, the length of time that has ‘elapsed since 8 coin 

Was inserted by the driver who parked there and reveals at once the expiration | 
SY of that time and the | act of over-parking. — Meters do not solve the » parking 
@ problem, but they do help the police materially in supervising and enforcing — 


a In 1 dealing with these problems of traffic one must not overlook mass 
transportation. In the street space used “per person carried, the private 
passenger vehicle is much less efficient than the bus or street car. In the 
Placing of street car and bus stops, in the establishment of routes, and even 
in the restriction of traffic, buses and street cars should be impeded the least oe 
thet is consistent with safe and expeditious movement of all traffic. = 


Many of the measures that have been mentioned apply as well to mass — 
as to ‘Private passenger vehicles. Others must be adapted. 
‘The timing “stop-and- applies to both. ‘The 
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_may be made at the curb in the most convenient place for all concerned. — t 
Like all other problems in traffic regulation and control, those pertaining ee 
ey re mass transportation must be solved on the basis of the vom Me that exist: 4 
Accident. records must be consulted, traffic volumes must be considered, 
ol the demand for service must be taken into accoun 


experience they have many things about the effectiveness of 
measures fo for solving many kinds of problems. 
. ee. Engineers still face the necessity for testing their planning efforts against 3 
actual results in accidents prevented, congestion reduced, and traffic expedited. 
Ss measure that is applied should be preceded by the best analyses that 
ean be made of the important facts about the problem to determine what is e 
the most reasonable measure to be applied. It should be followed by equally — 
thorough analyses of the results, to decide whether accidents have been jee: 
a "vented and, if so, what kinds. The engineer must determine whether traffic - 
moves re freely and whether over-all time between destinations has been a 
reduced. — He must know whether he is handling more traffic or less, because — 
has to some other streets. All these facts help him ‘to guide 
his next steps in traffic planning, to apply appropriate corrective measures, 
= to anticipate the needs of traffic when he builds new streets or makes. ; 
Traffic planning provides the facilities for traffic : movement. ‘It provides” 
la the aids and safeguards that are needed. It attempts to determine what 
an normal drivers and pedestrians do in traffic and to fit the facilities and regula- 
ae tions accordingly. - . Traffic planning must be reinforced by adequateeducation | | 
the public about the use of the facilities that are provided. It 


also be supported by adequate ‘enforcement to require obedience from 
_ those who are wilful or negligent in their disobedience or misuse of the facilities. ca 8 | 


"measures as nearly a as he can to normal driver and pedestrian practices. 
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Georce H. Herrotp, 2M. Am. Soc. (by 
analysis of accident reports lead the writer to believe that the accident is most 
kely to occur where movements are simple and clearly evident to drivers and 
; pedestrian ns, and that \ where the movements are complex and confusing, and — 
drivers and pedestrians do not fully understand the situation, they proceed Sa 
: cautiously and safely. _ This would indieate that the cause of many accidents - 
Ne is in the driver. The careless driver does his damage where movements are 


and clearly defined. Careful drivers are 


which were kept on forms presumably approved by the National Safety Council — 25 Be a 


as filled out by police officers. They show where, when, and how the 


a trained investigator, of whicli are very few. As The report ‘shows that 


s “Vehicle No. 1, going north, collided with Vehicle No. 2, going west, at the 
intersection of Street and ‘G’ Avenue; (date), 10 A.M.; daylight; pave- 
4 ment dry; no defects; clear weather; drivers both males; ‘tot under influence _ oe 

- of liquor; brakes O. K.; no car defects apparent: Driver No. 1 wore a brace on 
_ right foot; no signal or warning signs at the intersection; both drivers going ne 
straight through; and both had a license.” report shows where, when, 
a : and “how” the accident occurred (Driver No. 1 collided with Driver No. 2) : 
‘- but the could of the accident can only be surmised. Probably both drivers 


at time of accident) is difficult to establish. An of these reports 


na by trained investigators is the real solution in helping traffic through danger 


pots. ‘The railroads are correct in requiring a long course of training for e 


3 of “Stop Sign” violations and repeat violations the s same cars: 


3 indicate that people refuse to stop where there is no vehicle in sight (see 
Table ‘YD. . The suggestion of another sign to take the place of the stop sign 


in t many - places, to read “slow to 10 miles” or slow to the ‘computed | critical — af vig 


‘There is an unfortunate lag between increasing traffic congestion and the - a 


acknowledgment that he is losing business. Blight affects mer- 
cantile streets i in many cities because of this lag. if the problem had been ie 
analyzed in the beginning a suitable by-pass: could have been arranged and 
thus saved or ‘delayed another blighted area. Proper routing through cities, 

and education as to the purpose of these routings, are among the 

Engr., City Planning Board, St. Paul, as 
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es sa tricts. When a business man walks from his office to the bank he could save _ 
oe _ considerable t time 3 if he ran all the way; but he does not run. In fact, it bet 
om never occurred to him that he - could save time by running. He walks i in a 


= INTERSECTIONS IN St. MINN. 


Every one knows that too high speeds are used by in dis 
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2 ¢ 
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ae ee ea 1934 | 1935 | 1936 | 1934 | 1935 | 1936 | 1934 | 1935 | 1936 | 1934 | 1935 | 1936 . “ 0 

Percentage of vehicles. 44.5. 42.7 | 36.8 | 42 44.3 | 17.1 | 10.1 “1.9 | 3 2 


- dignified manner from one place to the other. The automobilist must also” + 
learn to move in a dignified manner when on congested business streets. ilo ie 
aye ~ _ Providing for Loading and Parking. —The purpose of parking a car is to bic 
enable: the driver to leave it, while attending to one errand or another. he 
Rot cities where an off-street parking space has been provided it is only about 
half i in use; that i is, twice the number of cars could probably be cared for in 
cae existing parking lots and garages wh yhen the people have been educated to make 
use of them. In St. Paul, Minn. , the off-street storage capacity in the central @ 
= _ business district is for 9 560 cars. The used capacity is 5655 cars. In addi- 
tion, parking | space provided by utility « companies and other private concerns, 
their own grounds, for employees’ cars, totals 1630. Much the same situa- 
tion occurs: elsewhere. _ City officials have not yet. decided whether it is a part 
‘ae their business to provide parking spaces off the street, although a number 
doing so on city-owned or tax-delinquent lands. 


ug 
Eee i me St. Paul, with 90-min parking in the central business district, surveys _ 
ae - developed 82% legal parking and 18% illegal parking, with 62% of all legal 4 
Bi parking remaining at the curb less than 30 min. Based on these facts the 
ht aking ordinance was changed to provide 30-min and 60- -min parking as more 
: ‘nearly i in line 1 with actual needs. In the 1937 survey it was found that 56% 


4 
of the cars are legally parked ond 44% illegally parked. The percentage of 4 i, 


illegal parking increased, of course, with shortening of parking time and with 

increased use of cars. The report of the National Association of Building 
Owners and Managers on parking meters, dated 
possible that the eventual solution of the Loading problem, 
a Pe aa lies in condemning older buildings and land in the retail district, clearing the — Gs 

"7 = and using it for parking of cars and “off-street loading,” assessing the ie 


cost of such operation to the surrounding property owners. This would pro- 
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or 
‘and loading should be planned to fit the mosaic of the retail and 
© ai, Mass Transportation.— —An indication of the traffic picture of a city is the fos . 
— morning flow taking people to work. In 1924, 541 street cars brought into the 2 
€) St. Paul business district, in the morning, 31 000 passengers, whereas 9 250 es 
+ automobiles brought i in 14677 ‘passengers. i Tn pepe , 419 street cars brought gone 
in 17000 passengers; a 
vehicles, 29 100 passengers. In addition there were 7 200 pedestrians walking 
b: to work in 1938, a situation which was not considered important enough to 
check in 1924, ‘Street space in : St. Paul has been increased quite materially — 
a since 1924 but not in any ratio comparable to this i increase in volume of traffic _ 
or or use of street space— e—and this is true of many cities. eq Only by prov iding mass oe - 
Pak “transportation that is more comfortable and attractive than a private auto- ae 
_ mobile (such as the electric trolley bus) and limiting the use of private cars a 
ae by those who do not need them downtown during the e day (by enforcing drastic i 
a, “no parking” regulations ¢ or parking ‘meters, as is now proving successful in 
fifty cities) can this situation be altered for the better. 


THOMAS Am. Soc. C. E. (by letter) —A concise: and inter- 


are neatly phrased and carefully chosen to include essential "They 
in a form worthy of attention because they are adaptable to use outside the 
boundaries of purely t technical review; and they lose none of their effectiveness — 
if restricted ‘solely ‘to observation and discussion by engineers. 
ia captions such as those in the paper prompt a reminder that the most urgent of 
problem of the traffic administrator is to catch and hold public attention and — < 
to engender a a respect for the profound importance of the personal factors i in 
a traffic problems. After all, traffic control i is outstanding among all 


“ways” and means of educating the public at large in human (2 
ewe behavior; or, in other words, to a full realization, and to the point of eg 


"permanent, co-operative acceptance of their individual personal responsibilities 
s joint users and sharers of streets and The of this problem 4 


alia 


f ti “By what method can we make people realise that it isn’t real fun to take | 
‘Game: with a motor car? What persuasions will be strong enough fo con- ee 
 yinee the motorist that he should lose a minute and save a life? What means 
F can | be used to convince everybody that they should not drive after drinking? — 
. ‘How can taxpayers be persuaded that a drivers’ training program in the 
~ high school is at least as important as a luxurious swimming pool? What kind — 
ah _ of propaganda will it take to make drivers as courteous at the wheel as they 2 
are in the drawing room?” ban: i dog snout 


“Through the the “human” characteristics of thought- 


Public Safety, December, 1988. 
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ae ‘men, and particularly for traffic engineers, he elects to use streets and highways 
places in which to display the mental perversities mentioned. Solution of 
problems of self-control will never keep anpene with: the progress: made i in 

mechanical and design controls. nl of vlqosy ynidad woh 
ce , 08s ‘The: stressing of the time (speed) and safety factors by the author in et 


- Synopsis suggests a second comment, This is that three utilitarian tests of — 


we 


8 good highway should be > emphasized more frequently as such. Iti is also a ee 
‘reminder that the third one of these>tests seldom receives consideration com- 


mensurate with its importance in traffic The three tests in mind 


under « disnusion publicly more or less but the third (comfort) 
is seldom mentioned. This circumstance is probably due to the general ac 
 ceptanee of “comfort” as being covered by the “safety.” t 
4 OA well-designed highway is one that. permits reasonable speed with mini- ; 
mum hazards and, in addition, assures maximum comfort to all its pedestrians 
and vehicular users—comfort not only in the sense of that “bodily ease,” Bens 9 

a is afforded by efficient design and construction, but including, as well, that 

comfort resulting from ‘‘mental ease,” which can only be realized when 

upon public highways i is guided and protected by effective controls. Mental — 

te - dread or fear of highway hazards is 3 particularly strong among young g and aged ae 

pedestrians. It is not entirely absent in the minds of many automobile oper- ke 
ators. Its presence under test may induce the fatal panic which 
often contributes to the production of highway accidents. Tests for highway Si 

= comfort must also take into consideration those leseer forms of highway fric- 

tion, such as the crowdings, jostling, blocking, bumping, ete., constantly 

occurring - during business hours on the sidewalks and in the roadways ‘of the 

ag principal streets in main, wholesale, and retail centers of urban areas. Al- 

2 Sie the great majority of such happenings do not result i in serious property — 7 
or personal harm, they add ‘materially to the mental stress and strain of daily ra 


life in large cities. These conditions are plainly evident at the crossings of ia | 


countless highway intersections. . The problem of comfort to pedestrian and 


AS 


rider at the junctions of main streets. will never be completely solved; but, 
with such lessons in mind, new streets and highways should be designed and 
controlled, as far as it is economically possible, so that pedestrian and vehicu- ie 

dary users may derive and share maximum enjoyment of them. To accomplish ph 
Bs this end, highway discomfort must be reduced as much as controlling circum — 


aie ‘stances permit. . A gospel of “friendly roads” with a mutual sharing of their 


The author’s consideration of the traffic situation in metropolitan areas 
“3 is naturally concentrated on problems ¢ common to the urban or improved. sec- 

tions of such areas. Difficulties encountered in urban traffic - problems 
Be generally increased and their solutions made impossible of completion because | 
original planning defects | or deficiencies. Owing to the of urban 
"areas, controls such as ‘signals, ‘signs, markings, etc., with occasional islands, 

zones, channelizations, etc., constitute the common ultimate methods of soly= 
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ny 
overcome and hazards to traffic resulting from faults 
such as poor alignment, bad grades, lack of visibility, insufficient lighting, 
inadequate cross-section space, weak intersection layouts, etc. Few towns and h 
cities are free, of problems arising from such conditions. The lessons derived — 
_ from traffic problems arising in urban sections of ‘metropolitan areas should be ‘ 
_ applied advantageously not only in the planning and improving g of new patreate, 
- but in replanning, wherever possible, all existing planned. streets that are not gee 
as yet to a point which precludes corrections. 1409) Ististam 
Metropolitan areas generally include, in addition to their 2 
partly built-upon sections, areas that are wholly unimproved. In some juris- 


two ) important : stages of evolution: One class ¢ comprises planned sections (that 
. : is, areas laid out into streets and highways upon an official map or city plan, — 
ty but not physically improved) and the second elass embraces areas that a are at 
present unplanned but are ‘ ‘ripening’ ’ rapidly for ‘planning and development. 
: What future traffic problems are hidden i in such areas? Can proper precau- 
ions be taken that these new sections will respond to a higher degree of 


traffic: ‘control with fewer problems ‘than old urban areas? The municipal 


engineer and planner are deeply interested in these questions and from their 


viewpoint a a discussion of traffic problems i in metropolitan areas” must also: 
{a include the p otential problems that may ‘exist v within already planned but — 


or which may happen. by reason of incomplete 
In his” Conclusion’ he author ri htly ‘declares that | “traffic lannin 
thy 
distinctly an en ineerin, function.” As such, it must ac wuire a vision which 
Bt of 


‘reaches out beyond the problems and necessities of traffic control installations 
on existing highways. It must begin with, and have a definite place in, the 


ve 
_ and that are eigned if for rational controls. 


planner’ 8 objective should be to 80 plan or replan, and to so ‘guide 
"development, that future traffic problems i in the areas affected will : approach ; 
- irreducible minimum in so far as damaging highway friction is concerned. _ co 
at _Itis the responsibility of the engineer to develop and apply sound practice o 
the design and construction of streets and highways. To accomplish - this 
_ objective, he has been meeting the requirements of speed, ‘safety, and comfort 
d. for years by endeavoring to provide highways with dry foundations, solid and 
- durable paving structures, safe grades, * visible alignment, , and even surface 
; To these qualities, he must now add that of traffic control, and co-operate with 


poke Modern highway use has produced new standards in in the factors of eels Ms 


with respect to the structural elements of highways—alignment, grades, cross- 
section design (including channelization), paving structures, ‘curbing, drainage, 7 
fencing, railings, etc. ‘All of these elements are directly connected with, and © 

are an intimate part of, the problems of traffic control. Not t only is sound i, - 


engineering technique in design essential in minimizing traffic p problems, but 
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-MICKLE ON ‘PRAFFIC PROBLEMS 


first-class and effic efficient maintenance are equally 
> _ Worn-out or otherwise defective paving on certain streets and highways can : 
the best of traffic controls completely ‘and thus create a number of 
; ae new local traffic problems. The design, construction, and maintenance of — 

highways can be carried to any degree of ‘efficiency required. Safeguards for 
traffic can be provided that will function to a high state of effectiveness. ~The 
diffieulty encountered in building and equipping such highways is a very 
‘material one. ce Generally there are economic limitations to the extent to which 


such improvements are justified ; and, in concluding this discussion, the writer | 


satisfactorily, the essentials— s—the ‘means—necessary to com 
plete the solutions of the many traffic problems after the ways of solving them ae 
have been fully determined? The problem of the solution of traffic 


sellent paper Mr. Reeder that city are filled with human and 

mechanical disaster as is often thought. With the opportunities for conflict 
within ‘the various traffic streams and eddies existing in metropolitan areas, 
ie Ba it is indeed surprising that there are not more deaths and injuries than there are. pet 


Iti is the problem of traffic engineers to ‘schedule the movements of vehicles, re 


sons, and merchandise, within the traffic stream, so. ‘that they are co-_ 


and made orderly and safe. Among the factors to be considered in 
such & program are the arrangement of the circulatory _ system, land usage, 4 


neTtiy and density of population, location of employment in offices, ‘retail 
a _ establishments and industries, and the location and usage of recreational and 


influence upon and accidents, make up the traffic problem 


par 


_ Because accidents constitute the spectacular phase of the traffic engineer ’s 
ea r work, ¢ there has been, and still i is, an insistent public demand tl that direct and = 
ae a positive action be taken to stop ‘then. Mr. Reeder has presented many of the 
used in this direct approach. Automatic traffic-control signals, stop 
signs, speed control zones, and stated speed “slow” signs: are among the con- ee 
methods described. In connection + with the latter device, it should be 
emphasized that it is difficult to enforce a sign reading “Slow to 11 “Miles,” 
; oe inasmuch as the officer must pace the offender for a reasonable « listance in : 
order to obtain a conviction for an offense. - Furthermore, « care ‘must be taken 
that a local ordinance provides authority for such a control device. 


oe It is indeed true that the pedestrian problem i is one of increasing seriousness. % Me 


Many city recognizing this problem, are providing legislation which 
=e places responsibility upon the pedestrian, as well as upon the motorist, in his aay 


activities in the traffic stream. No longer does the pedestrian | have uncon 


tested right to cross the street whenever and wherever he pleases. actions 
a and behavior are prescribed by law, and the designers of traffic-control signals 
are beginning to include indications in the signal to allot certain parts of the 


eycle to the pedestrian, restricting his movement during the remainder of the 


and Safety Engr., State Dept. East =. 


a 
« 
4 oul 
q 
fro 
q 7 of 
é fro 
rac 
ges 
~ ple 
th 

Cal 
th 

— fac 
| th 

pr 
3 | | He: tr 

ph 
j 

fu 
o 
— 
— 

— 
“a 


> 


MICKLE ON TRAFFIC PROBLEMS a 


outskirts of cities. along the 1 major highwa ays. Sidewa alks are e often lacking at 


places, highway may be poor or non-existent, and the speed 
in In Michigan it was found in 1938 that, of all paves siidentstnds accidents a 


rural trunk-line highways, 34% occurred within the zone extending 1 mile out =! 
from the city limits. _ The rate | per mile was found to be 1 more than twice that eS 


in which bath the rural and officials must co-operate. 


an The genuine causes of accidents and congestion in metropolitan areas are — 

usually of such a fundamental nature that their correction is costly. 

example, in Detroit, Mich. ," it was found that the city’s pattern of streets a 
- radiating from the central business district emphasized the conditions of con- oes 

4 - gestion and hazard caused by the present-day use of the automobile in cities Tes 

planned for other kinds of transportation. Studies of traffic volumes, and of 

Land origin and destination of disclosed that these down- town ‘streets 


adequate cross-town arteries were lacking. of 
conditions, requirements, and habits indicated that desirably located off-street — 
‘facilities were inadequate and that all of the legal, and much of the illegal, curb — ‘ 
space was fully occupied. Not only were terminal facilities insufficient but 
4 the radial arterial streets were over-crowded for several miles away from the | 


The re results of these unfavorable conditions upon business were revealed P 


- when comparisons of traffic counts over a period of twelve 3 years showed that ie 
= the number of people entering the: district had actually declined ag 


substitution of ample storage space in the areas occupied by deteriorated — 
property surrounding the business district. In making these recommenda- 
tions, the engineers went well beyond the act of merely counting and analyzing oc 
traffic movements. hey took into consideration both the general 
plan and organ 
5 real estate conditions in and about the central business district. tide: 
Too often officials and the public fail to realize the magnitude of the trafic — 


_ problem or the losses attendant on congestion and accidents. ° The work of 
the traffic engineer, therefore, i is often "gee through lack of sufficient 


Street Traffic—Detroit, Michigan State Highway Dept., 1936-37. 
Planning Report—Toledo, Ohio, Jensen, Bowen & Farrel 


—— 
— 
€ 
— 
4 — 
Ay x 
— 
— 
¥ | 
— 
— 
— 
4 
Ohio,* rev — 
traffic accident losses amounted to $1 022 325 ann 
5 os pared with annual fire losses of less than one-third of that sun — . 
& more than $2 was allotted to the fire department for each d 4 
aa re loss, whereas the traffic control and betterment services rec Fe = ee. 
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MICKLE on ‘TRAFFIC ‘PROBLEMS 
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ie Parking or storage facilities in the business districts of cities are far from 
a - business district is a public duty, and if this is true, means for public ownership — 
aan of parking facilities must be devised. Another view is that the primary use aS 
E aes. of the public streets is for moving traffic, and the parking of vehicles is 2 
the free movement of vehicular or pedestrian traffic. 
3 ee a wid Confusion is apparent in the attitude of the business men, who tend to cf 
demand strict regulation of all curb space, ex xcept that adjoining their own 
volume, vehicular speed, available space, the demand for spaces, and parking- i 
The main function of time-limit parking regulations i is to provide reason- 
+ 
Business men realize that parking facilities are essential to business and 
that costly decentralization will result unless the problem is solved. Officials 
traffic survey in Youngstown, Ohio,” compared the number of persons 
accumulated in the business district by the use of mass transportation facilities 


adequate; and providing these facilities is a a problem of major importance. It 
3 secondary consideration which should not interfere, to any appreciable degree, ; 
This conflict cannot be reconciled entirely; but it can be equalized 
able turnover and equable distribution of available curb space. Some cities 
ag are attempting various means of improving off-street parking facilities or means _ 


is thought by some authorities that the provision of terminal facilities in the j 
% =. giving consideration to all the related factors, among which are traffic 
turning to parking meters as a means of enforcing time-limit regulations. 
of improving transportation facilities in an effort to curb ‘decentralization 
tendencies. 
with number that used passenger automobiles. The : average number of 


passenger | automobile w was” 1.48. There’ can d no question of the relative 


street space. If the ‘number of ‘Persons using mass transportation facilities 


had to resort to passenger automobiles as a means of transportation, and if 
_ the average of 1.48 persons per passenger automobile remained the same, — 


> 29 730 additional passenger vehicles would be required. Ie The streets could: not 2 
o§ possibly accommodate this additional load. Thus, it will be seen a mass 
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| requirements must receive due consideration, as must the effect of its opie: 

Mr. Reeder has shown a three-fold attack upon the 
problem involving the use of engineering, enforcement, and education. re 


: a balanced traffic improvement program must include all of these methods of 
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to and educated to the safe and efficient use of these facilities. 

Rosert A. | Esq. (by letter)—In any discussion of this pa 
‘paper one must keep in mind the enorme scope of such a subject and realise i 

Q - that it is impossible to cover even the most important problems fully in such 

a small space. This is understandable when one realizes that entire 


Considering the limitations, Mr. Reeder has presented a sufficiently « clear | 
Fe picture so that those who peruse it can obtain an adequate idea of some metro- 

_ politan traffic problems, their bearing on social and economic life, and how 
a - such co conditions may be alleviated. On the o other hand, the writer questions . 
the accuracy of certain statements; for instance (see “Helping Traffic Through 
Danger Spots”), Mr. Reeder infers there is widespread belief that a city 

street is continuous scene of human and ‘mechanical disaster.” On the x 
the safety problem is so difficult ‘to correct because very few 
; have seen, or been involved i in, a traffic accident, and thus do not take sufficient — 

- interest in the subject. Tt is also unfortunate that more factual data and 


vise digh were not used to substantiate certain assertions, because civil engi- 


+ neers have analytical minds and are impressed by facts and figures. Po ee 
‘Under the heading “Helping Traffic Through Danger Spots” the author 
i _ Presents, admirably, the advantages of careful engineering planning in making ree 
streets safer by designing, locating, and operating traffic signals, signs, and ~ i a 
markings so as to take the “guess-work” o out of driving. A person could a a 


learn to run locomotive as easily as he could a motor vehicle, a 


~The that Mr. Reeder attaches to accident records as basic 
functional data for correcting “bad spots” cannot be stressed too greatly. 
However, some who have had practical experience in handling traffic problems 4 
in large city find that there are many “mix-ups” that must be solved by 
experience and personal judgment. These are ‘mostly problems of con- 
gestion and delay rather than those of hazard. 
Careful engineering planning also. plays an important part in decreasing 
— delays which, Mr. Reeder states (see Synopsis”), defeat, in part, the purpose 
a “of street traffic. From a practical standpoint, citizens seem just as much > 
‘interested i in having trae officials “clean up” points of serious congestion as 


accident “sore spots.” ’ The author’ 8 discussion of by- -passing 


3 . _Jn conclusion, the first consideration that any city should give to its traffic — Dee 
lem is the efficient use of its present facilities. Minor physical improve- 
A ts often may be made to the methods of control or to the street system, i ee — 
+h result in making the present facilities more useful and more efficient. = 
jlanning for future facilities, the basic facts concerning traffic movement 
should _be studied carefully and taken into consideration in developing a 
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piling, and loading and unloading conditions yields : an insight into some of 
=) n> _ the factors causing congestion and indicates practical methods of correcting f 
the situation; but, there are other phases worthy of consideration. 
4 A well- designed traffic signal system, for ‘instance, accelerates traffic, re 
duces delays, and eliminates congestion, in addition to simplifying the 
movement, and reducing accidents. When Broad Street i in Philadelphia, Pa., 


of was controlled by police at each intersection, the ‘usual sight v was a solid frigid a 
. ee of vehicles for ten or fifteen continuous blocks—a condition breeding con- B= 
gestion | and accidents. ‘Under proper signal system, over-all speed was 
increased, the volume of traffic increased, and accidents decreased. Vehicles 


“ 


‘platoons.”” 


ning ‘and the peak outbound traffic i in the ae fe 


that the delay time of their trolley cars been reduced 18% by the 
of a progressive signal system. = 
br A little white or yellow paint applied i in the right places can also help i in 

delays. Unless three lanes” of traffic at are definitely marked off 
each half of Broad Street, motorists will only « drive in two lanes, thus reducing — 

the capacity one-third. There are many examples of increasing the 

= E “capacity of intersections to handle traffic by the installation of proper laning. 


certain types of cement, rubber, or metal ‘markers are used instead 


ae Congestion on streets Ss carrying a large volume | of traffic can often be allevi- 
ated by creating one-way streets or establishing other convenient adjacent — y 
routes, Two parallel and adjacent in Philadelphia, both with 44ft 
jays, W vere t two-way for many years and carried considerable arterial 
tral. . In spite of some public criticism, these streets were made one- way in % 
a _ opposite directions and to-day (1939) each of them is carrying about 80% more — 
- traffic with less congestion and delay. Traffic on another important artery 
was relieved by smooth- -paving a an adjacent granite block street with asphalt, — 
and building, at small cost, a few connecting streets. 
Safety zones at street-car stops allow motorists to move | by the etre 
while it is stopped for passengers; ‘channelization islands at certain inter- 
a sections reduce conflicts and speed up traffic movement; at highly congested “4 
points where land values : are ‘not too high, traffic circles and grade 


e are sometimes used to improve conditions and there are several examples of | 
os _ parkways and elevated highways in New York, N. Y., Chicago, Ill., Newark, ¢ 


‘ 


q 


Philadelphia, and other cities, where millions of dollars have spent 


Reeder made no truer r statement than that: “The ‘pedestrian } problem 
is one of i increasing seriousness”’ (see “Protecting the Person on Foot”). While 
ek. ‘ the number of car occupants killed in traffic accidents in large cities has been 8 
= steadily decreasing, the proportion of pedestrian fatalities has increased until 
to-day (1939) such deaths represent approximately 75% of the total. In the 


space allotted, the author has covered the subject admirably well paso 
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improving ‘metropolitan traffic problems. Fact after fact has been pre- 
wed by experts to show the proportionate seriousness s of night accidents over rei 
} day accidents and to prove that the improvement of illumination in _— 
cities and on certain highw ays greatly reduced night: accidents. Nevertheless, 
most public officials are doing almost nothing | to improve street lighting in — 
metropolitan areas and the writer does not believe they will until money be- — 
= more plentiful,, and there is a strong public demand. bation: staupshe. xt 
Mr. Reeder ‘ ‘puts his finger” on what is probably the greatest difficulty . 
facing public officials in their attempt to correct traffic problems in the business 
districts of is, “One of the that must be exposed 


ninth that traffic density is a 9008 sign of business prosperity” (see ll 
Traffic Concentration”). , Counts made in one large city in 1938 show that o on 
Fe Se average, a street car carries 30 gre a bus 15, and a private car less chan 


make it easier fe mass transportation riders reach the shopping district. 


on Motor vehicles of to-day are smooth running machines which move along ie a 


made speed control a real since most fail to how fast 
they are traveling. Reeder has” explained, adequately, , some of the 
; _ methods for coping with the situation, such as speed | zoning a and signal systems; 
_ but neither of the solutions will be effective unless, as as he s says, they are aero = 
able, adequately “sold” to the public, and based on engineering investigation. 
One of of the 1 main reasons that speed zoning has n not been effective is that un- 
reasonable speeds were established and then the motorists were given to under- 
stand they could travel about 10 miles faster before they would be arrested. pee 
+ During the last year of the 40-mile speed limit in Pennsylvania, state authori- le rc 
ties even published the fact that motorists would not be apprehended unless ae 
they. drove faster than 50 miles ‘per hr. In another case, police officials i in- 
formed the writer that they never apprehended a driver unless he drove faster 
. than 30 miles an hr through a speed zone posted for speeds not greater than 20 Ba! a 
miles per hr. How can one expect motorists to. obey regulations that the 
officials themselves do not believe proper? Establish reasonable speed, 
'S enforce it to the letter, and then motorists will respect it, and other laws. 4 aan 
a Most of the credit for Pennsylvania’ s reduction of traffic fatalities in 1938 is 
_ given to the absolute enforcement of f the he speed | limit of of 50 miles per hr r adopted , 
in the latter part of 1937. rt 29 1459, th «vt 
Herein, the writer has introduced data to show the importance of mass j 
_ transportation carriers, which substantiate Mr. _ Reeder’ 8 assertions as to “the “2 3 
street space used per person carried” (see “Mass Transportation’) by various : a 
- types of vehicles. With the increased use of private vehicles, the problem of aa 
mass transportation is increasing, both financially and from a standpoint 
of congestion. . There has been considerable controversy as to whether or nnd i: 


* ro will — street cars entirely because they are more e mobile and seem 
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Quick pick-up, more speed, and faster stopping ability be the 


Although Mr. Reeder hasn’t covered all the problems faced by municipal jt 
4 A oa a traffic authorities, the toughest of which is “public relations,” ’ he has given 7 me p 
enough information to impress the reader with the immensity y of the traffic i 
_ problem and to show that it will not be solved by trial-and-error methods but 7ea- »b 
by adequate traffic planning based on engineering principles. << 

CLEVELAND B. Coz," Assoc. M. Am. Soc. C. E. (by letter). —The point 


‘most forcibly “brought home” by this paper is that traffic control is now a 


specialized branch of engineering, calling for the usual engineering procedure of 
_ assembling all available facts, analyzing them, and creating a rational design — 4g d 
_— according to tested rules. _ The rules will continue to be more or less empirical, —— b 
= as the human element plays a greater part than in the design of structures, ni Yi a t 
= Efforts in the past to force traffic, both wheeled and foot, into certain channels — ss 
have failed to a greater or less degree, and the solution lies in the education of 
the individual, on the one hand, and in, making rules and channels easy 
Gg and natural to follow, on the other, © 
It required centuries to educate the public to the employment of engineers | 
a ‘in structural design; and in the fields of highway location and construction, and a #f ie 
a and surveying, as as well las others, the process of education i is still going on, with a : 
4 ay, results showing i in proportion to the density of population of any section of the ey - - 
country. It is a clear function of technical societies to educate the public, as 
no individual can do 80. 4 Neither can headquarters of a national group reach 
the civic consciousness of the voters ‘of the many cities, with the possible 
ception of a few of the larger ones, where in all probability experts are 
charge of the problem, thereto by the exceeding seriousness of the 
a Ba This is is a matter for local sections ‘an and local engineering clubs. poll - 
¥ Ree> bal should have a committee working through | local publicity channels, with subject 4 
furnished by their own investigations and by central headquartets, 
They should not confuse their objective with an attempted solution of local 
traffic problems, but should educate the local authorities to the point of 
ploying : a traffic engineer, first laying the groundwork by educating the voting 
4 public and the press to approval of this course. = 


28 The importance | of this groundwork cannot be over-estimated. Time and 
F _ again in all fields, notably in City Management, the ‘employment of experts has. " 
= tried and abandoned for just such lack of support, the voters objecting ¥ 
most strenuously to bringing i in an outside expert, no matter or whether one | was + 
available in the community or not. is just such lack of understanding gand 
4 intolerance of the democratic process that has caused most engineers to be 
ea An interesting fact revealed by the data in the paper is the a apparent r numer- 
ical relation between licensed drivers and pedestrian fatalities. The decrease — 


.. ES _in fatal accidents in 1938 is encouraging. It may be attributed to the wide- 7 
he Associate Engr., TVA, Chattanooga, 
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spread campaign of “No doubt of it to the education o of 
ye the younger generation in the proper handling of a high- powered dangerous = 


4 change that occurs in an courteous 
_ individual when he | ors she sl slides under the wheel eel of a an automobile, anditisto 
4 ‘be hoped that the « coming generation will be so so gradually accustomed, from 
childhood, to the control of so much power that no sudden change of habit 
will occur when the legal driving age is reached. bb) 
ay Education of the public as as to the by- -passing ig of through traffic an and limiting _ 
storage of cars on pavement provided primarily for moving traffic is a more — 
g difficult problem and one requiring | much time to effect. Cities in the more ¢ 
densely populated Eastern States have apparently learned their lesson through i 
5 a bitter experience, and highways are now being routed around centers of popula- BY 


tion. Cities i in the Southern States are still in the stage where the merchants se 


“ complain loudly against any proposal to take through tourist traffic off of Main _ SS 
pe Street. _ This attitude seems to be not so uncompromising of late, but it is i 


.. should be noted by those who argue that expensive pavement is laid for 8 & 
- moving traffic and not for storage that, regardless of restrictions, the publie : BF 
Hien will “pull ull over” { ’ to the curb and stop, i if only to discharge a passenger, and that s 
_ only one or two, doing this in a block, occupy & a lane against 1 moving traffic Fes a : 
almost as effectively as a line of parked cars. Since this lane is not available Pe ae 
ahyway, its use should be divided among t the as as far as 
and this means limited parking. use of "parking. meters to assist the 
- regulating officers is still on trial, some cities and merchants approving Viens Rs 
after trial and others having discontinued their use. ‘Here again personal bias 
and prejudice play a part far too great, whereas the facts could, and should be 
% obtained by an engineer and a report rendered which should quash, effectually, 
% all opinions based on | preconceived notions, always excepting those held by 2 
people who cannot be reached by fact and reason. All of this emphasizes the - 
¥ importance of employing a trained engineer who cannot only gather the facts 
but can analyze them and present a summary and conclusions i in a form that 


anycitisn can understand. $=; 


J Reever, 12M. Am. Soc. C. E. (by letter)—The discussions by 
Messrs. Herrold, Buckley, Mickle, Mitchell, and Coe amplified the original 


‘a paper in a very effective manner. Although little difference of opinion has 
» been expressed, some questions have been raised which will be treated herein 


Mr. Herrold is quite right in his statement that “the acehienn-queey: driver 


a problem with which the careful driver cannot cope.” There can 
be little doubt that the person who, through improper driving habits or un- 


willingness to ‘eonform with the requirements of traffic safety, becomes" re- 
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safely. However, accident- -proneness, as indicated by the ‘repetition of a acci- 
: = _ dents, does not appear to be a characteristic of a very large percentage of drivers, 4 
§g ‘x eo T. W. Forbes, of the Bureau for Street Traffic Research at Yale Uni- a 
versity, states" concerning a study of 29 500 drivers from the State of Con-_ 


necticut for the years 1931-1936 | that ‘We are thus left’ with the conclusion 
ee! that: not more than 1.3 per cent of the drivers were accident-prone and that 
= : only 3.7 per cent of the accidents in the states studied could be attributed to 


On the other hand, many street locations are definitely ‘accident-prone 
ay 


indicated by the repetition of accidents of almost the same manid.’ _ Analyses 
‘many hundreds of collision diagrams of street intersections, and other 
problem locations, have shown definite ‘patterns of accident experience: at 


- individual locations. — In many cases these patterns are not at all similar 4 +e 
_ the traffic-flow pattern, for they show vehicles from certain directions pre- Be 
dominating i in the accident and those from other directions having 


little or no part. in it. Surely, one cannot conclude that the ‘careless drivers a 


come from only o1 one or ‘two d directions and that the drivers approaching from 
other directions are careful. Rather, the only conclusion that can be. drawn 


in such cases is that there is something unusual and unanticipated about the ee 
condition which the: drivers: and pedestrians ate subjected from certain 
approaches. Further evidence of this is found in the fact that corrective 
a = Be measures often result in the prevention of these accidents by simplifying the 
traffic and making it easier to to drive or walk safely. 
Mitchell’s interpretation of the statement “Contrary. to the belief of 
“i, many, a city 8 street is not a continuous scene, of human and mechanical disaster,.’ - 
somewhat different from what was intended, and some explanation should 
“G, be made. _ The purpose was not to convey the i impression that a great many e 
people over-estimate the seriousness of the traffic- accident problem. That 
certainly i is not the case. It was intended, rather , to mean that many believe 
that accidents are rather indiscriminately distributed along the street and are ie 
likely to occur almost anywhere. Inf fact, however, they are concentrated at 
ae ‘certain: points and along certain 1 sections of streets, whereas other sections are 


__ The difficulty 1 with the belief of many, as the statement w was intended | to wa 
convey; is that it would place the responsibility for accidents too largely upon oe 
abnormal or unsocial drivers and pedestrians who are not interested in their 
ye However, the patterns of accidents at individual “high-accident” ay 
_ locations, and the freedom from accidents of long sections of street bearing the i 
_ same traffic that becomes involved in accidents at other places, show quite 2 
conclusively that a substantial part of the responsibility for accidents lies with vith 4 
the conditions peculiar to individual locations. 

The very basis of the e engineering approach to the solution of traffic problems" el 
is the belief that the vast majority of drivers and pedestrians drive or walk fe 


= to the extent that they can foresee and avoid hazards. The function of Ss 
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“streets and highways safely ¢ and expeditiously by eliminating the 
a or by providing w warnings, safeguards, and aids for avoiding them where they 
es must remain. The more effectively this function is performed, the easier will 


Fe be the f functions of traffic-safety education and enforcement. _ 


‘The field of traffic engineering has the ve very ry fascinating aed af determining De 


+ coutleatiie data that are gathered concerning traffic the more obvious it ae 
ob mes that driver and pedestrian practices, under similar conditions, are 
hie “app aching similarity. a Vehicle speeds along a given section of ‘street will fall ms 
into quite definite patterns, the dissenters from which are likely to be relatively _ 
= few. Nearly all drivers will obey a “stop” sign where the computed “critical et 
"speed, ” as ( determined by view - obstructions and other conditions, is very low. 

However, where the critical speed is relatively high, a much smaller mea od 


m of traffic ‘facilities, control measures, , and por ‘The more 


These and other | facts ‘which traffic ex engineers « 
the profession to design measures for the and ‘congestion 
Another important function of the traffic e engnew is to make the results of ge 
8 efforts to reduce accidents or congestion on existing streets or highways — x 
serve as the basis for foreseeing and preventing similar conditions in the design iy 
and construction of new ones. It is the assembly of that body of information — on 


a concerning the value of different remedies for different problems and the 


conditions which differentiate ene | problem from another which will give | to his 


proposals for avoiding accidents or congestion in new street or highway plans 
the prestige which comes from successful experience. 


; planned oh As time goes on, his job will change somewhat from the treatment — . 
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fortunately, In setting up new traiic-engineering department in Cl 
a the engineer can start with treatment of the many accident or congestion a : as. 
problems that already confront him and work from them to the treatment of 
# the problems which he foresees in the new streets or highways that are being 4 . 3 
| — Measures are not taken in the design and construction Of Improvements Or hew 


OF CIVIL ENGINEERS 


Am. Soc. C. S. ELIASSEN,? Assoc. M. 


The river ol Nevthi China, serious foods and 
_ — loads, have perplexed the Chinese for more than. 4000 yr . Especially 
_ as ES has the Yellow River taxed the ingenuity of their hydraulic engineers, as 
Ss shown by the | numerous changes of course this river has taken across the . 
Great Plain of North China through recorded history, changes that have __ 
meant appalling disasters to the caileihens of the plain. What reg: 8 
engineers have learned in | recent: years about its many-sided problems is 


ate 


| 


that certain phases of the Yellow River problem ¢ are much clearer to-day than 


for its control and for a program 
rink also outlined, based on the most recent investigations. These proposals — 
give promise of more adequate flood insurance for the population of the Great 
= Pye," _ Plain than has existed previously. Since 1919, both writers have been con- 

a ar" a8 nected with organizations, such as the Yellow River Commission, the Chihli — 
or North China River Commission, ‘and the China International ‘Famine 
Bes Relief Commission, all of which have been concerned with investigations of ay 
this river in a ‘modern way. Data in paper have been 


“2 


Norz.—Published in December, 19388, Proceedings, j= | 
“ - 1Cons. Engr., Palo Alto, Calif.; formerly, Cons. Engr. to the Yellow River Comm. and Shantung 4 
in. Mesers. Hoyer Ellefsen, Oslo, | 
4 River Comm. -» Kaifei fonan, China. 
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Yellow River is unique among the larger rivers of the world in that, 
— an oad that may ach 40% weigh here 
— 
4 


4 is to raise the river bed gradually, a shisiniiieale which can be divided me ber 
two distinct actiona: (1) That i in the upper reaches of the diked ‘course, reaused 


i @ the slope prodinesd by the extension of the delta into the shallow Gulf fl 4 
_ The two actions, as far as they affect the rise river 


in some years, back-water influence of the tides; 
but the effect of such delta changes | may be ‘completely obliterated a year or 


Thess seaward growth of the delta i is thus only partly responsible fe for the steadily 
c.. Oty Locally, the gradual rise of the river bed (which averages about 3 ft per 
century) can often be as much, or r more, in a few years time; but such h deposition ba a 
a may again be partly ‘scoured out. during following years. ‘This | creates an — 
- exasperating river-control problem in that the dikes must be raised continually, 
-@ : ‘sometimes ¢ as much as 5 ft or 6 6 ft, over lengths as great as 20 to 30 miles, 
and it may happen that dike sections recently raised must. again be built up 
i after a couple of years due to local deposition. It is an ever-continuing 
to keep: arid parent of the dikes ahead of the river. Often the river 


such circumstances, it is the vast ‘Tegion on both sides 


Yellow Rivertodevelop, 
> aie, The Yellow River flows on a a ridge ar and is is elevated above the plain through oF. 

_ which it ru runs. Once it has broken its dikes, therefore, it it will not, as a rule, . oY 

- go back to its low-water channel of its own accord when the flo od is over. oF 


he is successful. he fails, this is his misfortune may even cost him 


his life; but no glory accrues to the person who watches the dikes skillfully o 4 


the Chinese have tried various 1 methods of contrelling: this: trouble- 


It is said of the great Emperor (2200 B.C.) that he solved the 
om of getting the river i flow i ina bed below the surface ‘of the plain. re 


‘so have failed. Since time discussions regarding control methods 


have generally fallen into two groups—the diked single-channel method, 


& system of multiple channels combined with irrigation and broad flooding — 
When the freshet season is on. fal In practice, it has usually been a combination — a 


“of the two methods, During the last ten centuries the single-diked channel 
_ method has been adhered to as far as the river has allowed. ag meee” 


| two later, by the arrival of highly silt-laden freshets, or by dike breaches. is 


q increasing super-elevation of the river’s course above the plain. 
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4 _ It remains outside and must be brought back to its course foreibly. This is a 
|} __ classical procedure in China and the person supervising it derives much credit nee . 
dealing with its history and control are myriad; but, unfortunately, they 4 
(3 
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YELLOW RIVER PROBLEM 


Them conception of channel contraction to more concen 


flow with greater velocities to scour the channel is not new to the 
Chinese. History tells of much heated discussion among river engineers 
a regarding the good and bad points of a single channel and a system of several _ 
i Maeaie In the Ming Dynasty (A.D. 1368-1644), Pan Chi Hsun was the = 
outstanding proponent of the single-channel theory. Already in his time the ig 
eee: river was mainly held to a single, diked channel; but he had more advanced _ 
hace . = and wanted a channel as narrow as 1s possible. in order to ¢ carry the silt 
floods to sea. His more conservative opponents advocated a wide 


e between the dikes for storage of silt and for dissipating the floods. 3 
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a = as witnessed by the proposals of the late John R. Freeman, Past- President _ 
and Hon. M. Am. Soc. c. by German engineers who have > later visited 

the Yellow River, such as Profesor L: Franzius, and by the laboratory experi- 
= ments made in Germany for the Chinese Government in 1932 and 1934, 


Be experiments which do not entirely uphold the narrow-dike, distance th heory, 


of the real obstacles to progress, of course, lies in the lack of 
of the itself. _ Until a relatively few years ago very | little 
hydraulic data existed. This is now being overcome and gradually “light i is 
er 2 being shed” on many of the perplexities that have shrouded the river in mysly . 
m3 and have made i it subject to more superstition, perhaps, than that with which — 
rivers in China generally are endowed. Bott} 
— There is probably no river in the world which is of so little use to mankind : 
as the Yellow River considering the populous districts through which it flows. # 
‘Thus far, ‘people have been only partly successful in ‘protecting themselves. Be 
from its ravages. Even as a communication artery it is unimportant. | The 


river er ‘ist an enemy | ‘instead of a helpful agent. a The task of making it obey the 


_ Former Studies. —For ‘more than half a century foreign “engineers: and 
‘others: of scientific leanings have ‘interested themselves in the problems of 
the Yellow River. The great breach that occurred in Eastern Honan in 1851 
(see Fig. causing this river to leave its southeasterly course to the ‘Yellow 
‘Sea, and changing it permanently toa a northeasterly ¢ direction emptying into 
the Gulf of Chihli, 400 miles to the north of its old mouth, was of pronounced = 
“Tt was the year 1868, however, before foreign investigator 
z= visited the site and prepared notes for publication telling of the effects of this 
channel change and discussing the various problems involved. = 


8*Flgod Problems in China,” by the late R. Freeman, Am. Ve. 
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e ciose together the foreshore is easily washed away, the dangerous places will i: ce i 
“a be many and the cost of protecting the dikes will be very great.” /ioase breed 
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. J. Morrison (British), Gen. J. H. Wilson (American), Messrs. ‘Shermbesk . 
and Visser (Dutch), and others at various times over a period of 25 yt from ve "s 
1868 to 1893, need no special remarks . The findings of these engineers and m 
scientists, as well as those of Capt. W. F - Tyler i in 1902, have been commented — Xs 


_ The mapping work made i in the uppe upper reaches of eas river by iis is, 


(Russian), Ollene (French), a1 chews, are seal much 
importance, being the main sources for defining the western drainage boundaries | ae 
2 of the river. The geological findings of Pumpelly, Richthofen, Baily Willis, 4 
and lately of the Chinese and foreign geologists of the China Geological Society, Be 
of the greatest value for understanding and the engineering 
_ Among the engineers of modern times, Mr. Freeman must be cited as the ae 
_ first who has gone into the flood problems of the Yellow River with such zeal a ; iy “- 
and intelligence as to make his paper on “Flood Problems in China”? a contri- 
bution of outstanding value. He had devoted much time to a careful study 
of all the more important records extant. In connection with the Grand 
Canal improvement plans which he came to China to supervise a and complete, a 
E he had an unusual opportunity to have certain important data ae 
tabulated, and mapped. It t may fairly be said, therefore, that the 
investigation of the flood problem of the Yellow River, in a ‘modern sense, 
Studies in Recent’ Years; General Surveys.— Prior to the autumn of 1933 
fe the control of the Yellow River, where it ran an through: the | plain, had been in a 
the hands of the Provincial Governments of Shantung, Chihli (later Hopei), a. 
ig and Honan (see Fig. 1). These Governments had their own survey systems, i 
differing i in co-ordinates, elevation datums. Independent of each 
_ other they managed as well as possible, and the political and financial questions 2 
¥ to be e solved generally outweighed the technical ones. How ever, one Chinese 
| Government organization in Tientsin (the Chihli River ‘Commission, which 


was investigating the river problem of the Province of Chihli on account of 


“Al 


river, the Hai Ho) took an active interest ‘also i in n the Yellow River - since roa ; 
_ river had a direct bearing on the port problem of Tientsin. . Centuries ago, 4 
_ the Hai Ho (river) from 7 Tientsin to the sea was the outlet 0 of the Yellow Ri River ie 
r s into the Gulf of Chihli, and it is not unlikely that it again may take this course. a 
_ The Chihli River Commission, therefore, began its own independent studies a 
1919, he had its engineers run level Ii lines down to the Yellow ‘River at various 
- points, and established two hydrometric stations on the riv er, one at Lokou, 5 
ip +. miles from the sea, and one at Shanchow, in Western Honan, 600 miles 


cat from the sea. _ Although involving the ‘observation of the river only at . 


q places the data collected have been very valuable in that, at least as far as oa 
_ water-level observations are concerned, they have been uninterrupted since = 
ie 1922 in spite of all civil wars, and they have been continued to date (1938) by 


Yellow River Commission, a Chinese National 
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aA YELLOW RIVER PROBLEM 
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was established in the autumn of 1933. all r recent of the 


River the 80- called Taku Datum (T. .D.), “named after the Village 7 


Ba ix: ‘Taku at the mouth of the Hai Ho which | passes through Tientsin, has been 
used as elevation datum. It is a zero reference plane corresponding to the 3H} 
: low water 0 of spring tides a at the ‘mouth | of the Hai Ho. The Grand Canal 
is Improvement Board, in its studies of the Grand Canal and the Yellow River, 
_ used the so-called Tsingtao Datum which corresponds approximately to sero 
elevation of extreme e low tides of the ocean at Tsingtao Harbor. The relation 
between Taku Datum and Tsingtao Datum near, Lokou is approximately: 
Taku Datum minus 5.25 ft equals Tsingtao Datum. Taku Datum is 4.50 ft 


ae aa hydrometric investigations by the Grand Canal Improvement Board : 
during the spring, summer, and autumn of 1919 covered water level, discharge _ ys 4 
Pe. and silt observations, | and studies of scour and refill of the river bed at two hi 
sections near the Grand Canal. crossing. Furthermore, its engineers surveyed 
dike system of the Yellow River between the Peiping-Hankow and Tientsin- 


Pukow Railways, all being engineering da data (includin cross-sections) 


Ry 


Between 1929 and 1932, the China International Famine Relief Commission 
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systematically collected data. at point on the Y ellow River 
2 miles down stream from Paotou i in ‘Suiyuan Provinee i in n connection with the 


7 1980 and 1935, drawing water supply from of the Yellow River 
(such as from the King River in the Province of Shensi and the Fen River i in 
_ the Province of Shansi), naturally necessitated the study of these rivers and eS . ss 
knowledge thus gained contributed to the general of Yellow 


by 
a A more a 8 program of investigations has been conducted by the 
Yellow River Commission since October, 1933. - This Commission has con- 


dueted hydrometric ‘studies at ‘fifteen stations along | the main river and at 
sixteen stations along the more important tributaries. These stations are 


in ‘Fig. In addition to the work a de detailed the Yellow 


"survey, “mapped to a ‘soale 3 10 000, ith “contour of | 1.64 
7: 5 m), ¢ covers the area between the dikes and approximately a 5-mile Ve 
a 


Bec i" The total area surveyed i is about 9 500 sq miles. It has been linked a - 
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Pei River Commission. was easy to do because the survey of the 
“Yellow River Commission has been patterned « closely after that of the Chibi 


a In addition to the | more precise mapping work in the plain reconnaissance, — at 
- surve eys have been conducted along the upper reaches of the river from Lanchow x. 
in Kansu down stream to Hochu i in Northern Shansi, a distance of more than e 
Hydraulic Laboratory Experiments: ——In order to reach ‘some 
= regarding the much-discussed question of increased erosive force of the river 
if the ¢ distance between the dikes were decreased, the Chinese Government 
= had certain hydraulic laboratory experiments s conducted in Germany i in 1932 
4 and 1934. The first set of experiments in 1932 were made with the channel — 
res. straight and the dikes set back so that the width h ratio b between foreshore : oe 
channel : foreshore was approximately 3 : 2: 3; . whereas for the “narrow- dike- 
_ distance” experiments, the dikes were set close to the edges of the channel. ae 
a the experiments of 1934 the channel was made moderately winding. In ; 
— one of the experiments the dikes were made straight and were located so that zy 
ee" they nearly touched the outer concaves of the winding channel, and in the — is 
second experiment they followed the winding channel closely. In the first ‘ 
of the two winding- -channel ex} experiments, low, straight “‘wing-dikes” had been 
ce built out from the main dike, and followed one bank along the tangents which 
the channel bends, in order to ) guide the flow as much as possible 
along the curved channel, thus p preventing it from flowing a across the foreshores _ zi 
except at high stages. The idea was to concentrate most of the flow along ath 
3 the curved channel, with relatively sluggish flow over the foreshores, | 80 that 
a eee would tend to form there, whereas the channel would be scoured. ee 
- . _ Although no very decisive conclusions could be drawn from the experiments we 


& 
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3 the results gave some startling indications. With the dikes set far apart a 
somewhat better scour was produced in the channel (with a considerable at 
_ amount of silt deposition on the foreshores) than when the dikes were close . 
se to the channel edges. In the experiments with curved channels the wing- dikes 
= ee seemed to have had the desired effect of silting the foreshores without raising — 
the bed of the channel; in fact, a slight bed scour was discernible. Noticeable “4 
of the channel occurred, however, in the experiments with the dikes 
following the edges of the ‘channel closely. It should be remarked that the — 
= kind and quantity of silt used, the length of the flood and low-water season, 
and the intensity ‘and duration of the flood flow, were assumed quantities 
and bore little relation to those of the Yellow River. _ Therefore, the ae F 
ments indicate only, i in a general way, what the results are likely to be if dikes 
are built close to, or far from, the banks of a silty river, 


‘When the results known they had the effect of postponing ahy 


“ia 


= moving of the present dikes closer to the banks of the river. A highly silty oy: 

— at river does not seem to act quite according to customary hydraulic assumptions ee 

= ay calculations, and i in this respect the experiments were illuminating. x Since el 
they were made the hydraulics of the Yellow River had become better known, | ae 


f further laboratory experiments may give tore results regarding 
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RIVER PROBLEM 


poorw all conservancy n measures on the Yellow River, it is evident that, in aie 


future, soil-erosion control will assume greater and greater 


Former Attempts To Cope WITH THE Fioop P 4 


Such records as are trustworthy sh show for many generations (at least 


| 
_ ans the past 1000 yr) the Chinese have depended chiefly -on their dike 
; _ system as @ means of controlling floods on the densely populated Great Plain. 
Tnspection of old banks of former river courses, such as those near Techow in poe 
‘Northern Shantung, the river ran during the ‘Tenth ‘and 
Centuries A.D., indicates clearly that earth dikes were the principal means 
keeping this troublesome ‘stream within bounds. Likewise, was its: control 
within one channel for the 500 yr + preceding the break of 1851 effected by 
a single line of strong dikes. _ Practically no evidences remain of stone work a 
= used to protect this dike system, of which | plain remnants exist below ‘ 
the po’ * i of the break 30 miles east of Kaifeng. Records re reveal that when 
dikes wad give way in the breaches were by a use 


th 


Ancient history, perhaps mythical, reveals that the great ‘Emperor “Ya 


divided the flow across the plain into nine channels and by this method suc- 
3 ceeded, as mentioned in the “Introduction,” in getting the bed of the channels = 
to lie below the surface of the plain. There is evidence to support the belief q ss 
that the serious erosion n period which Northwest China now e: experiences began s ‘ 
about the time of the great Yii and, if this is correct, it is most likely that he 
would not have had the silt masses to contend with which now are such ob- Fi 
stacles to an effective ‘control of the Yellow River. - Undoubtedly, it was the 2 
increasing silt masses which finally destroyed Yii’s work: _ Since then pande- — 
monium has reigned. _ Many control methods have been tried to prevent the | 
river from | raising its bed, but | to no avail. In 1078 A, D., during the Sung 
_ Dynasty, & proposal was made by an official and scholar, Wang An-Shih, in At ur a 
lich he urged that 1 000 iron scarifiers be used to stir up the mud in 3 


river bed at low-w ater stages so that it might be carried down stream and the _ 


channel thus lowered. His idea was not adopted because it was thought to 
& costly and not very pro promising in result; but it is . perhaps the first Te- ~ 
corded proposal for dredging in the history of the Yellow River. Pan Chi ee 
Hsin and his dike contraction idea, which created a controversy, has 
already been mentioned in the “Introduction,” On a stone tablet which 
_ to-day can be seen on top of Yon Lung Shan (outside the City of Hsiichow, a 
at the crossing of the ' Tientain- Pukow and the Lunghai Railways, ‘and on the \ 


= of the old Yellow River course previous to 1851) Pan Chi Hsiin has nee 


— 
Erosion Experiments —Base surveys have been made of gullies and 
sloping lands where the erosion is severe, with a view to conducting experiments 
. | with soil retention measures, both structural and agricultural, on sloping ae 
— 
4 
4 
: 
4 
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ae or By the middle of the Nineteenth Genuer: the bed had become so high that es 

oy when the breach of 1851 occurred, it was found impossible to close it, especially — 
as the Taiping Rebellion was raging at the time. The breach is known o 

ea the Chinese as the Tung Hwa Hsiang Breach. Due to the great difference 


; = at - in elevation between the river bed and the land outside the dikes the = 


rushing out through the breach caused a back-cutting toward the up stream 


ae _ which lowered the river bed for a considerable distance. For more than 25 


rt ri miles up stream from the breach the foreshore lands now (1938) have eleva- — : 

. moe which are still higher than the highest flood levels since 1851; and from 
we the Peiping-Hankow Railway Bridge to the Shantung border the river is still i) 
oe” actively adjusting its grade as a result of this breach which occurred 87 yr ago RS 


After ten years of indecision the new course toward the northeast was 


accepted as the new permanent channel of the river; but nearly thirty 


a years elapsed before an adequate dike system had been built which could be ish 
mld to control the river during years of low flood flow; and even to-day there 


a, ing ree the dikes in the section between the 1851 break and the Shantung 


ix et eae notorious breach that has occurred since the Tung Hwa Hsiang _ 


ey es - ~ catastrophe i is perhaps the one in 1887. It occurred more up stream, between x 
Kaifeng and the Peiping-Hankow Railway and, as a result, for r 


Lake before the breach was finally closed ial mid- winter when the flow 


2) 


Rocx- Fru Dam u ‘Achoes Yatiow ow River » 


4 


was exceptionally low. "Another serious break occurred in 1921 in Eastern 
a, Shantung near the coast when the entire flow of the river left the old bed. bar 


The successful closure of breach » by of a rock- dam, ‘was 


5 


is great difficulty in keeping s a medium-sized flood trom overtopping or break- ist . 
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“Western ‘Shantung One of the writers made surveys and ‘estimates 
ae. the following months and drew up a plan for closure work. The Ghantung - age by: 
Provincial | River Bureau effected a closure ¥ within six months. Fortunately, * 


$$ 


3.—Ice Jam m River susr Azsove Lirsmn, SHantone, Fesivary, 1928 
t of the had left ite be bed, 
into a low area that emptied into Tungping Lake and from there back to ~~ ie 
Yellow River, 75 miles east of the break. It was in this region n that the break oe 
occurred in 1919 as described by Mr. Freeman.  ——— 
In late February, 1928, a heavy ice jam ‘und ponding and d overtopping 
of the south main dike in n two: places east of Litsin, Shantung, near near the coast af 
(see Fig. 3). This breach was closed within a few months using old Chinese 
methods; but considerable aid was s given by the river itself in that it partly — 
silted up ‘the breach o openings. ~ It was in this ° vicinity, but 10 miles 1 up p stream 
on the same bank, that the dikes failed in August, 1937, during heavy, pro- | 
longed summer floods. _ The region then inundated was estimated at (1000 — 
8q miles, dntednaialar equal to that of 1928. st No attempt has been made to 
_ Close this breach. The country affected is not densely populated and the land 
has much alkali. It lies in the lower delta region close to the sea, and heaps 
silt on it will ‘convert it into good, arable land, after a few years. 
Sed Dike breaks occurred in 1933, 1934, 1935, and 1937. In flood discharge : 
= magnitude the year 1933 was the Most serious in that the highest flood, , perhaps = 

since 1842, then occurred. Between the place o of the Tung Hwa Hsiang breach 
4 and the Shantung border the dikes were breached in thirty-five places. — could be 


af 


long: sections 0 of the north dike ® were buried in silt so that: nothing ‘could be 
a seen except the two lines of trees that grew along the top of the dike. Due 
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themselves except the one farthest stream on the north bank. This 
+ breach, called the Fenglo breach, was closed the following : spring by | gradually — 
contracting the opening, working from both sides. Originally, it had been 
~ planned to build a wooden pil pile > trestle across the opening and close it by stone- 
‘3 dumping from this trestle, a method similar to the one so successfully used in 
% 1923. The piles were driven before the break up of the ice, however, and 
subsequently the ice flow sheared off all the piles, contraction method 
was finally resorted to and “one-man- sized” ’ rock enclosed in ‘woven willow 
et 4 casings, usually more than a cubic yard in volume, were used to close the final ae 
50-yd_ opening. — In 1 its last phases, the work | was greatly facilitat 
silting action of the river itself during a small spring freshet. 
_ The 1933 flood had destroyed so much of the dike system that when the 
Season arrived in 1934 a of the dike, abutting g the 


there was an outer dike (the Golden Dike) whieh: in case of overflow, would 
| deflect thosienged. water back into the river near the Grand Canal crossing, 
. However, 1934 also proved to be me 
a a year of high floods and, in August, a side channel toward the north gradually 
ee across the former dike line which had been buried in silt; and by + 
_ time the flood season was over in October the side channel was taking ; 


i half the flow and threatened to become the n main river. 


1c. 4.—A m Sourn Horst Burmep Sut BY = 


River Break, Marcu 1, 1935 


‘to 
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_ An attempt was first made > to contract the “opening sufficiently by layers of 

— kaoliang stalks and earth so that a plug of the same material could be lowered 
into the opening. This could not be wider than 80 ft if one were to be sure 
— success. Unfortunately, the 1 river bed proved to be very sandy t to great 


“Phe Golden Dike was seriously , endangered and if it should break the flow 
- would most likely go to Tientsin. A major closing operation became necessary. 3 é 
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120 ft. t. The of the broke off, 
and floated away like great haystacks, and no further progress could be made! # 
this method. Soundings showed depths of nearly 70 ft. Finally, the 
bottom was sealed by the use of long fascines made of woven willow matting my =e 
-wrapped around an inner core of rubble and tied together with hemp ro rope. a 
As in the case of the closure work at the Fenglo breach, the river threw a ait 
ar in front of the opening during a silty spring freshet and the final — p 
ork could practically | be done in quiet water. 
e The break at Tungchuang, in Western Shantung, the following year (1935) 

; : {ee by far the most disastrous since the break of 1887, because it inundated 
se approximately 6 000 sq | miles of farming country in Western Shantung and s 
| te Northern Kiangsu, the flow going to sea at a point near the former mouth of es : 

a4 the river during the five centuries prior to the change of course in 1851. Fig. 4 bs 7 
is a view, taken March 1, 1935, of a village in South Hopei. Before the end : 
a 1935 the entire flow was pouring to the southeast through the breach. The 

te Provincial Yellow River Bureau began the work of ‘closure; but Ps 
e after two months of preliminary arrangements the National Government set a wa 
wp an organization that assumed charge of the task, and completed the closure 

by the en end of March, 1936. In connection with this work 

writers were engaged as s Assistant Chief Engineer ‘and Consultant, respectively. 

Benefiting by the experience gained during the Fenglo and Kuant’ai breach 
: pany (the Chinese refer to the 1934 t breach or ee closure 


a= menage” were made about 3 ft in diameter and ‘from 40 to 60 ft long, and 
¥ they were considerably larger than those used at Kuant’ai. The discharge , oe 
ee: during the time of closure averaged 30 000 to 35 000 cu ft per see, but in spite Do be : 
of this rather heavy low-water flow the work proceeded without any serious = — 
setback. In the last three days, during the final closure, the river had to be 
a “headed up” more than 6 ft in order to force the flow back into the old a, ae 
ge This was facilitated by a cut-off channel 3 miles long which short-circuited a 1 ee 
a 10-mile sharp bend immediately below the breach and acted as a “primer” for — 
- accelerating the scour action in the old channel.’ Fig. 9 shows 8 a stone a 
ce apron with a woven willow cover, tied back : by twisted wire ropes to hold 


small stones in until silt fills the v voids. 


wie. 


by wire mesh. 
lan 


‘The Yellow River has lists origin in a series of lakes tnd swamps on a nea an 
in Eastern Tibet. Before it reaches China proper it has cut its way through = 
“the mighty mountain ranges of the Kuenlun in series of magnificent gorges. 
: fe Be the Province of Kansu it receives its first important tributary, the 
20 Ho, from the southeast. Then the : of _Kaneu, 
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shoals appear every swhere the channel. Forming the border between 
Ninghsia and Suiyuan i it is amin by low before emerging 


it cuts the most easterly spurs of the Mountain Range and 

: oe flows out on the plains of ‘Ninghsia. Here, the course widens and islands and a 


it is typical of all the rivers vl China that. they flow through a» 
series of gorges and the slope. being flat through the basins and steep 
Fee through the gorges. The basins are overflow and depositing areas for the © 
loessic silt which the rivers carry in freshets and the gorges are cut 


denuded mountain ranges the rocky surfaces are exponed. The main 


as at in | Kansu. alluvial plain of North China may be 
43 as the last basin. The gorges first extend from the plateau near the source ug 
a to Kansu, through which Province the river runs in a series of shorter ; gorges. . 
Where it follows the Ninghete- Suiyuan border it has a shallow, but remarkably ae a os 
steep, sloping gorge. . Fr From the Suiyuan- Shansi border to Lungmen the entire J 4 

4 


re course is gorge like, and, finally, the last” ; gorge extends from Shanchow | to en 


_ where the river enters the alluvial plain of North China. The slope through 
_ the gorges is often steeper tha than 1: 1 000 00 with occasional rapids and wa waterfalls; 7 a 4 
through the basins (such as the Suiyuan Plain) the slope may be flatter, — 
locally, than 1 : 10 000, but usually it ranges from 1 : 2 500 to 1: 3.000. Decl 
hrough _Ninghsia an and Western Suiyuan, for a distance of more than 
miles, the river has practically no tributaries. _ This region is arid, with an 
Aven rainfall of scarcely more than 5 in. per yr; but, as it leaves Suiyuan rs 
; < nd enters the north-south course between Shansi and Shensi the river receives” 
numerous tributaries from both sides. These carry little flow during the dry i 
i season from November to June, but during the rainy season in summer they ue 
may” be raging silt torrents. Then, at Tungkuan, where the course bends — ‘ 
abruptly toward the east, its most important tributary—the Wei Ho—enters. 
st _ The Wei Ho has many small tributaries draining the lofty Chinling Mountain — 
Range which flanks it closely on south. From the north, ‘draining the 
loess” plateau, it has only a few, but. highly important tributaries. From 
7” -Tungkuan to where the Yellow River enters the plain the tributaries are also - 


* 


numerous, but, as is the case | between ‘Tungkuan and Suiyuan, they carry q 
ve almost no flow during the dry se season whereas in the 1 rainy season they are of 4 “4 
Er much importance. Especially notorious flood carriers are the two streams, es 


2 the Lo Ho from the south and the Chin Ho from the north, which enter the a a ; 
“main river just up stream from the point where the dike system begins. a Ae > “Sa 


Besides the Chinling Mountain Range which forms the divide between the eo 
E Yellow River and the Yangtzekiang drainage areas, the Liu Pan Shan Moun- ee 
tain Range in Southeast Kansu should be mentioned. This range has a north-— 
eae ‘south direction. It stands directly in the way of easterly rain-bearing winds — 
thus causes" copious, -orographic. rainfall on the head-waters of the King 
4 Ho, the most important tributary to Wei Ho from the north. a Table 1. gives 
_ the distances and elevations of a number of points along the river; which have — = 
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i "Bridge i is 294 000 sq miles (756 ¢ 000 sq km). _ Some geographers like to include 
ia ea also the tributaries that belonged to it when it had a different course to the — 
vm — than it has now, for exemple, when it was flowing north to Tientsin or ‘ , 

on south to the Yellow Sea oy, In such case, its drainage area would be increased — Y, 
. about, 65%; but at least for the time being one ‘must assume that the | river xe 
re will most likely be kept to its present course for another century. In that €: 
: its area can only be e regarded as lying up stream from | a point where it my 

enters the fully diked course at the Peiping-Hankow Railway Bridge. To this 
ae Sa == be added the Shantung area of about 4 500 sq miles. © The exact value Be 


ABLE —PRoOFILE ELEVATIONS oF Low- Waren. FLOW IN THE YELLOW RIVER 
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Mouth of Yellow River 1851 Breach 
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*Grand Canal Crossing. +T.D. = Taku Datum. { Peiping-Hankow Railway Bridge. § Ap- 
a 
ee. _ The chief characteristic of the Yellow River drainage area is its loess and : 


tertiary deposits, are in Eastern Kansu, North: 


oF Kansu across Shensi into the Province of Shansi. i requently, the deposits 
- have depths of more than 300 ft. , It should be noted that the aeolian | loess e 
Chinese, huang tu, or “yellow earth”) i is a relatively r recent deposit. Hence, 
a it is generally the top-soil cover. It is underlaid by the similar, but older, 
tertiary: clay, which, as a rule, is of a more reddish color. large areas 
fi Be the loess cover has hea: entirely stripped « off and the red tertiary clay is fully 
exposed (see Figs. 11, 12, and 13). The tertiary clay i is a soil of finer texture 
than the loess and is) more ‘resistant to erosion. Therefore, rivers. passing 
mainly through tertiary clay areas, such as the Honan Lo Ho, as a rule, are e 
silt-laden after heavy rains than those which pass through arene 
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‘The. tertiary clay seems seems to have filled the v: valleys as a result of the aa a 
_ the mountain areas throughout the Tertiary epoch, and the loess deposited 
ay agen toward the the end of the Tertiary an and the beginning of the —| NS 
. ages, either blown in from the north or ‘due to weathering of all the | 
mountain ranges which traverse the Kansu,  Shensi, and Shansi areas. This 
was & period of very wet, very dry, : and windy, climate when erosion by s stream i 
_ flow and soil deposition by wind alternated. Hence, one may often find the ae 
strangest mixture of layers of gravel, loess, and tertiary clay i in n exposed, high, ie A 
ertical river banks (see Figs. 14 and 15) 5 Most likely, the present is a period ie - 
¢@ erosion, as witnessed by t the heavy silt load which all the North China rivers 
carry in in the rainy ‘season; ; but the dust. storms that occur in the ‘spring are 
_ reminders of the earlier dry periods when ‘the loess cover was laid down. Even 
now, in less than a day’ s time, a cover of nearly 0 0. 01 i in. of dust may settle on 3 
floors and tables in a closed room during a heavy dust storm. Two. such 
per year would deposit a -20-in. layer in 1000 yr and in 100 000 yr 
(which approximate the duration of the geological periods when these dust 
: % deposits were formed), the depth of the deposits would be 167 ft (modified by — ae ae 
_ a suitable settlement factor), which is an average ( depth of the actual ial deposits — : 
on much of the Yellow River water-shed. a As these dust storms always occur : 
_ when there is a north gale, it seems that there i is a gradual shifting of the soil da 
toward the south by the wind; and, as all the rivers flow toward the east, i : ‘ 
is B also a gradual shifting of the: soit toward the east by water action. | 


; destruction, and every year they see edges of their land worn away, or the 
top soil stripped off, by the heavy rain storms, - which are so frequent during 
the rainy season. The entire area has been most extensively, but rather care- 
lessly, terraced, to hold the s¢ soil i ‘in place, often 1 with good r result; but frequently, be 
perhaps due to internecine wars, the terraces have been abandoned. For all 

Purposes, t! the entire a1 area may be said to be d denuded of forests if 
here ever have been forests on it. ‘Trees: exist around | ‘villages and temples 

and on some of the more favorable mountain slopes facing northeast; but their — 
effect i is in the erosion which is now progressing at an 


_ ‘The Yellow River ion and the surrounding area, , especially its western 

; inte are known as a great earthquake re region. , fe the east its alluvial plain . 
has been built up on a sinking geosynclinic trough, and earthquakes at times Paes 
also shake this plain severely, as in the beginning | of August, 1937. 
. reasonable to believe that the earthquakes are caused in part by the constant 
a shifting of earth loads both by the Yellow River and by | the wind from om the te 
mountain areas in the northwest to the plain in the: east and southeast, , amount- i 
ing to an average probably exceeding 2 000 000 000 tons per yr. That isostatic — 
_ adjustments due to the accumulating effect of the constant transfer of such 


E huge loads must occur from time to time seems quite evident. es 
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.W. of the China Geological holds the view? tl the 
sinking of the geosynclinic trough, upon which the alluvial plain < of North 

=a China has been formed, is caused by tectonic thrusts toward the east of the 

a mountain masses of Central Asia and that the sinking of this trough and its 

. filling, mainly by the Yellow River silt, roughly keep pace with each other. 

4 ‘However, it is “possible that the enormous silt loads which yearly ai are 
due on the North China alluvial plain and its coastal fringe tend to help ee & 

at depress the geosynelinic tr trough and thus further promote the thrust of the 4 


western, mountain | masses. ses. Furthermore, if the sinking of the plain the 


& 


when it will be built up. ‘These are interesting ceceelatiche and have = 
on the regulation of the river through =e ee aa 
Its most important tributary, the Wei Ho, which drains Central Shensi and _ 
Eastern Kansu, forms the “heart’’ of the river. It is bordered on the west, — 
a north, and east by its parent 1 river. This has the effect of modifying the A a 
ee flow ¢ of the entire Yellow River as floods from the most u up-stream part of the n 
as _ area seldom coincide with floods from the Wei Ho. This characteristic is 
= a, further modified by the flow loss along the 900-mile course from 1 Lanchow to oe 3 
‘Suiyuan-Shansi border, where the river is merely conveyance channel. 


However, the heavy flood flow which the river can receive on its sway from ag 
4 ‘Suiyuan 1 through the e 400-mile course down 1 to Tungkuan, a at times, is likely t to q 
synchronize with the flood flow coming from the Wei Ho. Here is to be found lek 
one of the causes for the magnitude of the flood of the Yellow River which a 
can be so destructive in the plain. The other "cause is found i in the floods of — Bee 
the tributaries—Lo Ho and Chin Ho, in Honan—which also can synchronise = 

with the floods from up stream. This is due to the fact that the general path a j 
of many of the f flood-producing rainstorms is from west toward east, thus ii 
following the flood crest down stream. The result, therefore, is the peculiar 
_ phenomenon that one-third of the entire drainage area up stream from Paotou, 2 bj 
in Suiyuan, cannot contribute any more than 100 000 cu ft per sec, or one- a 
eighth to one-tenth of the river’s estimated maximum flood flow of 800 000 
to 1000 000 cu ft per sec where it enters the plain. As regards the silt flow, 
7 a similar situation exists. Where the river leaves Suiyuan and enters Shansi, — 


the maximum silt. that the river has been observed to carry 
5% by weight; it runs less than 1 per cent. this 


iver’s flood and silt flow are some of the most important contributions to - e 
A knowle dge of the hydraulics. of the Yellow River orgs a seven years § = 
It should be mentioned that the Wei Ho 56 000 sq miles) 
is almost ‘as important a a flood and silt carrier as the ‘Yellow River itself, al- BR 


_ Polar Control Theory of by a ‘Graben, Journat, Assoc. of Chinese 
d American Engrs., May-June, 1937. 


— 
— | 
hag 
= 
= 
| 
i i 
— 
q 
3] 
— 
— 
: | between Shansi and Shensi, and nearly the same value for the Wei Ho where _ st 
| 
— 
lim 
{ 
i 
— 


| 
hough it is less as a low-water feeder. most tribu- 
b Kansu, the Lo Ho (10 000 sq miles), ‘draining: North Shensi, and the Hu ee g 
(5000 sq miles), draining Southeast Kansu. These three streams all 
iy enter the Wei Ho from the north. As the loess and tertiary clay areas RE 
"mostly to the north of the Wei Ho, it follows that the northern tributaries 
s are the silty ones whereas those coming from the Chin Ling Mountain Range > a a 
to the south may almost be classed as clear rivers, in comparison. . The silt 
coming from the Wei Ho area is, in general, much finer than that « coming from 
3 areas in Shansi and Shensi between Hochu and Tungkuan. Partly _ 
_ reason freshets from the Wei Ho have a tendency to scour the diked | chan- i. 
a nel of the Yellow River, whereas those from the Hochu-Tungkuan area, con- 
taining much coarser silt, tend to raise the river bed. In general, however, | * 
‘toe from the Wei Ho area have more variation in the intensity of their — 
gilt loads than those from the Hochu-Tungkuan area which are always heavily ee 
_Meteorology.—North China has two distinct ‘yearly climatic seasons—the 
_ dry late fall, winter, and spring season with its northerly monsoons caused by _ 
_ the oman high-pressure area; and the rainy summer and early fall season ae 


China. the porthern regions of North China the rainy season tends to 

*, begin later and end earlier than in the regions closer to Central China. As 
the course of the Yellow River traverses most of the territory which may a? 
termed North China, its low-water season is shorter and its high-water season 
— longer than the corresponding seasons of the smaller rivers in the north, such 

4 as those belonging to the Hai Ho ‘System which converge on Tientsin idle of 


the end of September. — There i is also a brief “pron peter in the begin- 
ee ning of April due to release of the ice cover in Suiyuan and North Shansi. ‘ - 
a From Tungkuan to the sea the ice has already left the river by the end of = 
hs _ February, but, where it flows through Suiyuan which lies 5° to 6° farther 
; north, the ice cover does not break up until late March or the beginning of Ee oo 


z ‘April. ~ At this time ice jams usually form along the flat, sloping course of the 
ty river through Suiyuan. These jams may have considerable storage ot water 


" 


at the same tinea. Due to its more southerly location, this section thaws out 
a little earlier than the river in Suiyuan. Together they form the early April _ fe 
 freshets. It should be noted that along the diked part of the river through 
alluvial plain asomewhat similar situation exists. The course near the 
i: - mouth lies near Latitude 38°, whereas the up-stream diked course lies a 
Latitude 35°; hence, this part thaws out first and “causes ice > jams in the river = * 


the mouth. These i ice jams be serious enough 


Central China and North China ait their rainfall of 


-sydlonie dist urbances, the continental system, of low barometric 
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in intestde of Asia which eastward into the I 
4 Ocean, and the Pacific Ocean ‘system of depressions or a 1 
» 
i the North Asia Continent and the moist equatorial and South China ocean  ™ 
air masses causing condensation and rainfall. The constant presence of — 
in the continental air masses may accentuate the ‘condensation. The south 
‘monsoons serve to drive the moist equatorial and Indo-China air masses north: 
ward and thus make moisture available for condensation when the depressions i 


arrive o on the scene. During the winter the “high” Siberian pressure area, 
with its strong anti-cycloni¢ northerly winds, drives moisture southward. This 

factor, combined with low temperatures, makes the available moisture for 
= and precipitation . much less when the | depressions : arrive from the 
a  ebhatineat than during the summer, which explains the dry winters and springs q 

although | the depressions sre numerous: enough. Often these 
cause dust storms. ‘When there are no ‘depressions’ hovering about, 
ee — is a gradual tapering off of one air mass into the other. The weather i is 
then generally fine and settled all over China and the typical monsoonal winds 3 


> ‘It should be noted that the continental depressions drift against the sources © 
of available moisture in the Pacific Ocean, and, therefore, the rainstorms set 
o by them are usually short-lived; in the winter and early spring they often 
a . cause little or no precipitation. "During the summer, however, their drift may 3 
tel be slow, and they may remain stationary fo for some » days causing prolonged, 
be copious rainfall. In order to cause rain on the Yellow River area, the Pacific — 
must pass close to, or inside, the China coast. Such paths seem 
possible only during July, ‘August, and early September, and hence typhoons 
a? ate cause flood-producing rain during this period only. The paths of all the de- e 
pressions are determined by the indistinct contact line of the 
Inde: China and the continental air masses, between which the depressions 
tend to pass. The primary cause for the rainfall is thus the two opposing air sf 
masses; and the secondary cause is the depressions that serve to bring them 
in contact in such a way that condensation occurs. A, 
oe To forecast floods in the Yellow River from meteorological observations a 
only seems feasible and may become quite reliable after more study has been 3 
Be of the various combinations that produce severe rainfall. Considerable 
study has already been made by the various observatories in China to unravel 
a a ‘7. the rain-storm mysteries; but meteorological stations are lackin g in West China 


and i in the regions still more to the west. This has prevented students from 


= forming reliable conclusions as to what climatic combinations will produce the 


Bee _ most serious floods in the Yellow River. For the present, flood warnings are a 


sent from “key” hydrometric stations equipped with wireless. sending appara- 


tus. _ This is fairly satisfactory and will generally give 24 to 48 hr advance i 
“notice of floods before they arrive at the upper section of the diked course. _ 
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constitute a le 


see, whereas at | the hydrometric station just below the Peiping-Hankow Rai 
3 way Bridge it was measured and reported as 586 000 cu ft persec. The warn- 
ings from the Lo Ho and the Chin Ho came too late and, mainly because » 4 
_ river guards were taken unaware, a destructive breach occurred in Western ai = oe 
Shantung. Such flow synchronism, only not so severe, also occurred in the 
- gummer of 1937. The flood of July, 1935, was due to a continental depression. , 
| lh still larger flood of 635 000 cu ft per see occurred in August, 1935, at Shan- — a 
chow, traced to typhonic causes. It had increased to only 653000 cu ft per BS 
sec at the head of the diked section. sd) 9309 to 
= Little information is” available regarding rainfall measurements on the 
Fy Yellow River drainage area prior to the organization of the Yellow River 
i: Commission in 1933. One of the first steps this Commission took was to 
i= establish a rainfall-measuring service and, as far as possible, it enlisted the co- 
operation of the Provincial Governments. . Before the flood season of 1934 ae - 
poo was measured at more than 250 stations scattered mostly over a - 
“i area down stream from Suiyuan, but including the Wei Ho area. © Rain-gages, — 
a in. in diameter, patterned after the United States Weather Bureau standard, 
were installed, and it has been possible, from the data collected during 1934 
and 1935, to compare rainfall and run-off. The rainfall values have been 
- computed from 1-in. isohyetal maps by the use of planimeters. As the rainfall 
stations were too few up stream from Paotou in Suiyuan to draw the equal 2; 
_ rainfall lines accurately, only the area down stream from this hydrometric — 
‘station was used and the flow coming from up stream deducted. 
‘The results show a remarkably small run-off percentage. The rainfall ae 


August 1 to 10, 1937, in the from August: 


August 1 to 10, 1935 ab compare 


run-off period from 7 to 13, gave a ratio of 16.1 per cent latter 
storm covered only the Wei Ho area and the Yellow River area down stream ie 
- from Tungkuan. — . The flow observed at the Lungmen station and that of the = 
Ho coming from Shansi e1 entering below the Lungmen station were > 
ducted. These data show, conclusively, the effective absorbing power of the 7 
loess areas and contrast greatly with similar observations for many ol of the 
* tributaries to the Hai Ho which drain the more loess-denuded eastern slopes 
of the Mountain districts immediately west of of the plain. percentages 
high | as 75% have been | observe ed on these loess areas. . Unquestionably, 


‘run-off rates; but, taken as | a whole, _ the Yellow River has a low run-off rate, ce 
_ which is one of the main reasons why this river, having such a large drainage a 
tea, does not yield a higher flood flow than 9 900 000 cu ft per se 


rE ean stream from Ichang, with a somewhat similar drainage are: area, 
as been observed to have a discharge of nearly 2; 500 000. cu ft per sec ina 
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in the plain that is most imperative, one is concerned with the 
flow that enters the diked section of the Yellow River. Hence, the most 


— —_ records of flow would be those obtained close to the head of of that section. 


Bots 


a vo those for the Shanchow station where practically continuous records ar 
‘ie available ‘dating from late 1918 . That station i is 185 miles up ‘stream from 


| 


sq miles. The latter has several highly important tributaries, such as th 
7 Lo Ho (5 000 sq miles) from the south and the Chin Ho (4 000 sq miles) fro 
fe the north, both of which enter the main river practically where the dikes begin. 
- Unquestionably, the Lo Ho can have flood flows as high as 350 000 cu ft per 
ene. sec and the diked Chin Ho perhaps as much as 70 000 cu ft per sec. (Anau ma 
“matic control by overflowing the plain before its course has been diked pre- 
are: cludes any higher flood-crest flow from entering the Yellow River.) Twice [| 
= aon since 1934 the Lo Ho has been observed to have had freshets of 250 000 cu ft e - 
me 7a per sec—once in 1935 and, again, in 1937. ‘These were exceptionally large _ 
‘ ae: ghee It has previously been mentioned that the flow of these two rivers, especia ly 


—4 


_ that of the Lo Ho, may synchronize with the flood crest of the main river. 
Except the flow of these two rivers and other smaller ones peat to the : 


The Lokou records 1918 | to 1937 « of Tiver 

- losses (such as those from percolation, evaporation, and dike breaches) — 
BE is occurred. Obviously, they are not very useful for developing a proper 

flood- d-magnitude frequency relation. In the past these reoords: have been much 
referred to as representing the flow of ‘the Yellow River. Oto 


Flow Losses, in Hundred Thousands of Cu Ft per 


8 


of Time ; Discharge, in Hundred Thousands of Cu Ft per Sec 

a. 1¢ 17. -—Fiow Loss Dracram, River 

iz) ay 


‘The deeaenaal ua curves for maximum annual floods have been drawn in Fig. 16, 
the flow records at Shanchow (1918-1937). Tt is obvious 


— 

q Ta 
al 

— 
on 
if li 
th 
| 
Shanchow data record the flow of the entire Yellow River area of 278000 fl 

— 

— 
Wi 
r 

+] 

[ 


ghich hem ‘been to haved n approximately 812 000 cu ft sec. 
iven in 1933 this value could have been exceeded if a closer coincidence had fe 
=) occurred between the freshet of the Wei Ho and the freshet coming from the re oo 
main river up stream from Tungkuan. — The floods are very flashy both from — = 
Wei Ho and from the main river; therefore, a few hours’ difference in the 
arrival of their flood crests at the confluence point at Tungkuan will make a 


2 | decided difference in the magnitude of the resulting floods passing down the 


Khe ~ Usually, when the main river has a freshet, there is aed, ora very small 

one, from the Wei Ho—or vice versa. As far as has been observed it is the 
3 rainfall produced by typhonic causes that tends to bring about simultaneous Sa 
freshets in both systems. Furthermore, | serious floods from typhonic causes 
4 + are less frequent than Siete from continental depressions, which generally “y 


produce freshets in only one of the systems; but such freshets are again likely hg “S 
j — tosy nchronize with the Lo Ho and Chin Ho floods. When floods are produced — a 
aad typhonic causes, however, the Lo Ho and Chin Ho floods run off first. 
_ An extreme flood at Shanchow caused by typhonic influences, therefore, is not “4 
Tikely to be seriously increased by 1 run-off from the area down stream, such as" 
4 As far as. can be judged the river is not very likely to have a flow rt - 
900 000 cu ft per sec at the Peiping-Hankow Railway Bridge. To provide 
floods greater than this seems economically unsound, This expected 
‘fl 
a long-range forecast of possible maximum m floods, perhaps, c one e should al 
take into consideration the probability of undertaking drainage-area i improve- a4 


“ment, such as erosion-control measures. If it proves feasible tor educe erosion 


A 


from 40% to approximately 10%, this alone will reduce a flood of 900 000 
eu ft per sec to about 700 000 cu ft per sec by silt removal, ‘not to mention ie 4 
ameliorating effect which the improvement works themselves may have in 
Tetarding the surface run-off and in assisting the soil absorption. mrs Considering ie 
the question carefully it seems that 900 000. cu ft per sec is a ‘conservative _ 


value to adopt in future design for flood-control measures. ‘Sot 


TABLE 2 —Ma aximum ANNUAL FLoop DIscHARGES A AT 


Vere 


H 
o! 
diked section 
| 152000 | 399 000 812000 | 
1925 | 459 000* 247 000 399 000 
1928 | 254000 || 1931 | 265000 635 000 


1927 | 212000 || 1932 | 871.000 477 000 
1928 | 159000 424 000 
breach. Serious dike breach, 


the years 1919 to 1937, is ‘shown i in Table 2. 
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3 the diked course. These losses are important that they will 
definitely in the design for the capacity of a regulated channel. river 
Rey. ae flows on a ridge with the water level higher, generally, than the plain on both — : 
sides; and, the plain itself slopes away from the river toward both sides, which — st 
= further promotes percolation. Due to the constant dike breaches it is some- _ 
_ what difficult to reach definite conclusions; but, from the available records — 


may be | formed. Such losses be observed for 


ae : ie conditions of flow because evidently a high but flashy freshet, lasting scarcely — 
. 4 more than 24 hr, i is certain to suffer greater losses than another freshet with 
ss longer duration. Furthermore, if the river’s foreshores are saturated by 
recent flood, they will absorb less water than if the foreshores were dry. A 1 


f se silty freshet may or may not have heavier losses than a freshet that is less — 


< 


sre ae 


‘silt-laden. n. Heavy rainfall on the wide area b between the dikes Ww hen a freshet 


j having a bearing on this question. “The loss due to channel storage is a tem ? i + st 
ay porary 0 one and its effect is to flatten the flood crest as it proceeds down stream. > | 
is a detention effect only, without loss in volume. 
aie = Considering only the diked course from Lokou to Litsin near the mouth, 

Sd a distance of 110° miles, the average monthly low-water loss in April, “May, ¥ 
ae and June, 1935 (months when the flow was not affected by dike breaches) was 4 
Pos. 62, 82, and 54 cu ft per sec per mile of river, respectively. As the flow during — 
: 4 these months ‘averaged, at Lokou, 39 148, 39 783, and 43 525 cu ft per sec, 
. 3 and, at Litsin, 32 405, 30 886, and 37 736 cu ft per sec, the losses ranged from _ 


ren 


| 
CD 


' 13% to 22% of the flow “ Lokou, which correspond to average losses in ordi- _ 
nary irrigation channels. Considering the elevated position of the Yellow 
with reference to the plain the loss may be regarded as small. Due to 
: et complications of dike breaches in the upper course of the diked river thd also 

due to seepage flow from the Shantung Mountains it has not been possible to 4 
arrive at any valuable results from that. part of the river. The bed is much 


Ey wider at that part and it is probable that the low-water losses are heavier than 
‘During the flood season it is only to be ex] expected that the flow losses. will | 
be relatively greater than during the low-water season. The wide foreshores — <. 


: ~ _ become inundated and since, as a rule, they slope from the river banks toward — 


wa 


ear ma 


woes 


4 the dikes, and usually are well cultivated, this feature will facilitate percolation 
losses. Much silt is deposited on the foreshores and for every cubic foot of =f 
_ settled silt about 0. 7 cu ft of 1 water will be held with the silt. For example, — 
>] if there is a loss in silt | discharge | of 10.000 cu ft ; per r sec (dry s state) between : 
Bi two points on the diked river it means that, at the same time, 7 000 cu ft per 
-j sec of clean w water i is tied up: with the deposited silt. _ Although small, this Toss 
is a permanent | one and may be regarded as part of the percolation ‘losses: ae 
foe - On account of the wide distance between the dikes, the flattening out of 
23 flood crests s by channel storage i is always most marked from near th@head a 
the diked ‘course at the Peiping-Hankow Railway Bridge to the border 
ee ‘Shantung, a distance of 135 miles. _ As the dike distance narrows it becomes — 
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—— Flow Losses—A matter of ‘much importance for the regulation of the 
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YELLOW RIVER PROBLEM 
marked along the next 70 miles to the Canal crossing. (When 
. there are dike breaches up stream, as in 1934, there will be a return flow in the — 
_ vicinity of the Grand Canal crossing and this obscures the actual amount of eS 
hs): .) Along the down-stream 185 miles, from the point where the return flow 
* ephene to the last hydrometric statiun at Litsin near the coast, th the channel i is 
narrower and the ay average distance between the dikes is only y slightly 
_ more than 1.25 miles against an average width of 4.5 to 5 miles up stream 
the Grand Canal crossing. Along this relatively narrow channel, judging 
by the observed flow data and allowing for observation inaccuracies, the _ 
decreases in cresting flow due to channel storage will usually not be i 
x The lengthening and flattening of the flood crest by up-stream channel storage 
has already’ become s so marked that any possibility for further modification is 
practically eliminated. In fact, due to the flattening of the slope, which is 
ae pronounced up : stream from Litsin, there » may be a slight increase of = 
cresting flow at times, due to the ‘overtaking effect. Observations tend to 
show that this may take place. From these considerations it is evident that — 
the point for determining what the down-stream channel capacity should be 
under regulated conditions lies somewhere | near the | Grand Canal crossing 
because, from this point down stream, there will be a tendency for the flow 
remain relatively unaltered. The loss or gain that may occur along the course 
‘from the Grand Canal crossing to the sea does not seem to be large enough to 
warrant any alteration in channel section. The observed losses duri =meo flood — 
periods in 1934, 1935, and 1936 ha have been plotted in in Fig. a Ph ia 
a Assuming that the losses are proportional to channel area some conclusions — 
may be reached as to what the losses will be in a regulated channel of much 
smaller dimensions than the ‘Present unregulated channel. To convey & flow 
of 900 000 cu ft per sec the average regulated width between the new r dike lines 


iedeoe Railway Bridge to the Shantung border and 2 miles from this — 
‘tothe Grand Canal crossing. dt: 


i are about 6 miles and 4 miles, respectively. _ The diagram for the upper stretch, — 


- gives a flow loss of about ¢ 450 000 cu ft p per ! sec and for the second stretch : =. Pa 
000 cu ft per sec. The proportional losses for the new channel wouldthen 
be about 187 000 cu ft per sec and 100 000 cu ft per sec for the two stretches. ld; 
For rainfall effect it would be conservative to allow only 150 000 and 80 000 

. ~ ft per sec, or a total loss of 230 000 cu ft per sec ¢ between the Peiping-Hankow 
ilway Bridge and the Grand Canal crossing. his 
was noted during the flood season of 1937 that to 
J of 300 000 to 350 000 cu ft per sec did not register as large losses as the more i a 
flashy freshets. This is to be expected, of course; ‘it has a | bearing on the 


Tegulated channel capacity for the ‘eondition when there flood-control_ 


- that j is likely to enter the diked section in this case will probably not exceed 
Fe 550 900 cu ft per r sec, but it: it may last for more than 24 hr. ‘Under this condition 

the flow loss between the Peiping-Hankow Railway Bridge and the Send 

will probably not be more than 150 ft m 
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ven as as 100 0 000 eu u ft per sec. This will control, how- 
, to prevent a flow of more than 450 000 cu - sec from passing into the 
at 
more ‘the magnitude of flow losses along the 
diked channel; but they are of the 


‘4 
—_ 


opinion, nevertheless, that the pres: 
ent observations show that these 
ie losses are 80 consistently present, and 
~ so large, that they should be taken 
into in a control and 
a regulation plan for the diked course ¢ 
In fact, if they are not taken into 
_ account it will result in an over-sized — 
down-stream channel which will be | 
difficult to maintain. Further inves- 
tigations may show that the values 
adopted tentatively by the writers 
Silt Flow—There is perhaps ‘no 
important river in the world in 
-_ which silt is so intimately related t 
every phase of conservancy work as 
the Yellow River. Whether it is 
flood control, irrigation, hydro-elec- 
tric development, or navigation, the 
question as to how to overcome the 
- evil effects of the silt overshadows all 7 f 
other technical considerations. 
— is due to the staggering proportions 
10. 18.—Gonor or Ho, of the load carried. other rivers 
ga silt content of 1% or 2% by 


as 50% or Stur sy Wercut weight is a heavy and 


trouble; but where the Y ellow River enters the plain the silt load reaches - 

40% by weight a at times. On several of its tributaries charges as high as 50% 

ae by weight have been observed (see Fig. 18). The silt percentage is expe 


eight of water and silt’ whereas, the method..is | 
as Weight of filtered water The first ratio is used in order to avoid such 


d 


silt percentages as 80%, 90%, at 100 per cer 


computing volumetric silt quantities it has been assumed that the silt” 


density i is that of the dried silt ordinarily found on the plain, the weight of 


which averages 101.5 Ib per cu ft (1600 kg per cu m); that is, its specific 

i is Furthermore, from observations based on numerous experi- 
mental samples, the average specific gravity of the indiv idual silt grains has 
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taken as 32. ‘Using these values the silt percentages 
7 silt discharges can be developed. y Fig. 19, which shows this relation, is 


3 unit volume of river discharge corresponding to any observed percentage - she 
i weight, of silt, in the river discharge, assuming that the silt has been naturally hae ‘A 
: "deposited on the plain and has dried. The silt discharge is found by multiply- i a: 
i the number obtained in Fig. 19 by the observed discharge. ~ This curve . 
is very convenient for use when one has to convert silt percentage and dis- a 
q charge into silt discharge a considerable number of times. investigators 
toy a conversion factor for computing silt discharge from silt percentages. bioee S 
_ This may be correct enough for very low silt charges; but, obviously, it gives oe 
incorrect results for higher silt percentages since the variation is not a ‘straight-— ie 
‘Fig. 19 has been based on the assumption that tie silt been allowed 
to settle, drain, and dry naturally. _ Therefore, it should not be used for caleu-— se = 
involving silt deposits temporarily settled in -flood-control detention 
— Silt settled in water has a volume from 5% to 20% greater than that eS ps 
- which the curve gives and a density of 1.8 to 2.1, depending on the character Meee 


- the ‘silt, time of settling, and depth of the deposits. Loess silt pons ae 


shrinking for a long period. ing Hence, each silty: stream on which flood 
detention basin control is contemplated must be especially investigated with 
the Yellow River, ‘as well heavily | silt-laden rivers of North 
ie - China, it does not necessarily follow that a maximum flood will have the maxi- 
ie mum silt concentration. It may have the maximum silt discharge, however. rg 
4 Several factors determine when the Yellow River will have its maximum silt 4 


some of which are: (a) Intensity of rainstorms and area covered 


cycles; dilution | effect from other of area; 


aM began i in 1931 and may continue for some years more. It has resulted in a 
e better growth of bushes and grasses over the entire drainage area to such an 
extent that, during the dry winter and spring, the farmers have not been able | 
Bs to cut the bushes down ort to ‘scrape the grass and leaves away completely. or 


¢: _ diminished since 1934 and this is unquestionably due to the wetter cycle which 4 


os areas large enough to have a marked influence upon both surface and guily is a 


Pe _ The bank | erosion along the e river channels has probably 1 not been affected; ee 
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all along the course. On the other hand, channel bed scour may 
= important factor in throwing large masses of bed silt into the stream, For “i 
. example, in the reach up stream and down stream from Lungmen, in August, 3 
5 ee 1933, the river bed was s deepened an average of more than 15 ft along a stretch b i 
Ss = # estimated at 30 miles... It is unfortunate that no definite record of this extraor- 2 
a the was 
e flood. At ‘Lungmen the bed was approximately 30 ft. over 
ae width of 3 000 ft, tapering off in depth up stream and down stream. * It has - 
thet. a silt ilt quantity ‘approximating 7 Of 7 000 000 000° cu ‘ft 


i 

Fra. 19. —Convansion or Sur ro Stur Vorumes or Unrr oF 

= eroded from the river bed along this stretch in a time which cannot have greatly 

exceeded 12 hr. re It demonstrates the capacity of t of the river to scour in spite of — <1 
the high silt it was already carrying. ‘The av average discharge during this 
period seems to have been about 300 000 cu ft per sec. Since this occurrence — 
in, 1933 the river bed has again been built up more than 12 A part of this 
es) ~ enormous silt quantity \ was redeposited i in the wide 1 river channel up stream 
i: from Tungkuan; but, at Tungkuan, and probably down stream toward Shan- e 

chow, the bed was again lowered 3 or 4 ft. Similarly, in the plain up stream 

r and down stream from the Peiping-Hankow Railway Bridge, the bed was 
“ti scoured nearly 6 ft by the same flood that deepened it at Lungmen. At these ioe ; 
places the > bed remained depressed aft after the flood, but was partly ‘refilled 
aa during the spring of 1935. It seems quite possible that this extra silt load oc |. 

was at least partly responsible for the deposition in the plain which buried 


= north dike > and caused overtopping and numerous dike breaks in 


1933, below the 1851 break. annoy 10) Theol al age 
a, However, such occurrences are infrequent. In fact, the inhabitants at ee 


‘ Lungmen can cannot remember that the river bed has ever been lowered 80 a : 


i iron rings bolted to the aeghe and uncovered when the bed silt was removed, 
ES show that the normal river bed has once been deeper. This points to cycles 


VAL 


silty and less silty periods, which again means dry and wet periods. There 


is no along the r r where such abnormal action can occur. 
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x Normally, however, the 1 river receives os ite silt charge from surface cold ney 

rosion of the loess lands in Kansu, Shensi, and Shansi, and to lesser extent 

i Honan. . The parts of the ‘drainage area from which the river receives 


silt are shown in Table 
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When date’ in Table 3 it is necessary to « consider effect 
ee of the dike breach at Kuantai in 1934 and at Tungchuang i in 1935. Although Pie 


Kuantai breach had no appreciable effect in reducing the silt 


RIVER ‘PROBLEM 4 


i c during the flood season at the stations down stream, it had much effect in Bee 2 

- a reducing them ¢ during the low-water ‘season that followed, on account of the ee 

clarified outflow from the flooded areas north of the river between the sinner = 

4 fe et and outer dikes in Shantung. The Tungchuang breaches, on the other hand, tere = 
caused considerable reduction in the silt concentration ‘down stream imme- | 


diately after the breaches had taken’ place, due to much. “deposition between 
Tungchuang and the Grand Canal crossing and to the clarified flow that re- 
ntered the river at Chiangkow below the Grand Canal crossing. 


daily silt. percentages « during the freshet season in 1934 and 1935, 
“they were observed at the hydrometric stations from Shanchow down stream, oe 
are listed in Table 4. The sudden increases in silt concentration n during freshets, % 
its diminution and tapering off as the flow passes down stream, 


=: August, 1934, freshet. The records of this flood are » shown in Table 6. . ; 


a i As noted heretofore, the maximum silt concentration does not always occur 
i - at the same time as en maximum discharge. Usually, it comes some time 


— 
"charge occurs at the same ime. as the maximum stream fow. 4 The silt 

: az — _ ages that coincided with the cresting flow are shown as Item No. 3, in Table 6. ee - 
Actually, the discharge that conveyed t the heeviest silt concentration down the 
i we - diked channel was smaller than the cresting flow. The channel that had been 
oe ay scoured was refilled during the passage of the crest, but not so much as to leave — Ai 
it. in any worse condition than during the freshet , except in the reach i imme- 

Fs oa diately down stream from the Kuantai breach. ‘It is unfortunate that dike Xs 4 

= breaks have obscured, somewhat, the happenings along the middle reaches of eg 
ay the diked section. Otherwise, it would have | been possible to interpret 
Se accurately the normal action of the: river, for instance, with regard to the scour 

:- and refill action between the hydrometric stations. All one can conclude for 

i _ the present i is that, at ; times, i it seems deposition can occur in the channel be- sf a 
tween the hydrometric stations during freshets. Table 4 (b) indicates that this 

a _ perhaps took place between Lokou and Litsin during the August, 1934, freshets, _ v es 
= _ but not to any great extent. re The recorded maximum discharge at Litsin at 
= ie time is probably too small, and this again would affect the silt discharge. es i 
The silt concentration in the flow shows no appreciable change. t eek Poa ee : 
“a ‘The average monthly silt discharges | for 1934 and 1935, as ‘they I have been = ; 
72 computed for all the hydrometric stations along the river below Shanchow, : are =, 

given in Table 7; total yearly silt volumes passing the principal hydrometric 


4 


"given in Table 8. 


| 
>; = 
— 
* a, _ It has been observed that the river is quite capable of conveying a 12% silt- _ 
” 3 laden flow of 200 000 cu ft per sec from the Grand Canal crossing to the wa > Oa 
| 
1 
q 
q 


= 


Minimum 0.03 | 0.03 
Average 0.16 


= Year Jan. | Feb. March April May June | July Aug. | Oct. | Nov. 


1934: 
Maximum . 
Maximum. ... -| 0.10 | 0.34 


$838 
eso 
| 


rom 


or 


ae ; ; 2 0.59 | 12.83 | 30.20 | 32.10 | 26.80 


. 0.01 | 0.12] 0.19] 0.68] 0.44 
a Average 0.58 | 2.39] 4. 7. 


Se 


0.91 | 3.08 

0.25 | 0.24 51) 0. 

0.42 | 0.67 4.89 d 


ui 


- to 


Maximum 0.38 1.82 | 9.36 | 29.31 | 26.58 
Minimum | | 0.17% 10. 0.17} 0.32] 0.24] 0.15 


.38 
.08 


S88 


-_ * This station was established in the middle of March, 1935; the March records ‘include only the last 


" - _ The average flow volumes and silt volumes for the periods of the more im- os 

i portant freshets occurring in 1934 and 1935 for the three stations a vibe 
E 3 ‘Chinebang,« and Kaotsun, have been listed in Table 9, in order to give some idea a ; 
of quantities to be handled in-the flood-control detention-basin projects. 

ow will be seen that more than 10% of the flow volume can be silt. The Wei Ho i a 


ae (Huachow Station) measurements in Table 8 do not include the flow of the Pei for 


‘ n- - o- | Tao 


Maximum stream flow, in cubic feet| {| ## | 
Peres second... 399 000 | 494 300 000 | 184 000 
Value of time of maximum dis-| 
Maximum Silt Discharge: 
cubie feet per second... ] | 10 
| _ Expressed as a percentage of 
maximum stream flow 
Sur, 


Discharge value is questionable due to poor equipment. 


| TABLE 5.—Percentacgs 

--§ — 
a 
0.30-] 0.92 | 0.04] 0.08] 0.09] 1.00 3} 0.02 

| 0.50 0.73 1.95 | 6.53 | 0.97 | 10:26 | 7 | 0.04 

q 

q 4 
 Maximum....../ 0.09 | 0.1 

-Minimum......] 0.02 | 0.0 
Average... 0.05 | 0.0 
of ost to we 

| = | Lokou | 
1097} 1092 

be 


NTHLY SILT 
(Feet PER SECOND 


March April shay Sept. . | Nov. 


9 362 

9 143 

4 464 

5 420 

5 454 

4 935 


7731 | 1680 
6015 | 2517 
3897 | 1736 
1103 | 937 

950 


207 | 298 | 1529 | 1 690 


Chu |... 


* From January to April, inclusive, the flow is 
he silt flow of these two rivers will practically account for the rather large dis- — 
exceed the sum of those of the Huachow and Lungmen Stations. 


point wi with the Yellow River. 
enters the Yellow River from the east below Lungmen, is not shown in T able 8 
£ Bets) of 7 500 000 000 cu ft by which the Shanchow Station measurements nap 
Scour and Refill of the Yellow River. —It has been observed that some 
= owing ii in al alluvial beds of their « own n making, tend to: scour r their | beds when = 


the ion ager to be to raise their beds when the flow is increasing (at te 
= least, at the crossings) and to scour the deposited material when the river is. 
‘2 falling. The causes of this difference in behavior are not readily determinable, 


2 but the character, quantity, and flow characteristics of the bed material, and 


of silt in suspension, may be some of the factors. 


TABLE 8.—ANNuAL Siur Vonumes or THe River Wat Ho, 


love 


7 413 000 000 
29 387 000 000 


we 


51 263 550 600 


10 991 940 000 
44 911 350 000 


51 722 000 000 
31 552 720 000* 


-| 34 372 580 000 


39 191 910 000 


-| 34 987 040 000T 


Breach at Kuantai, between Chinchang and Kaotsun. oo 


t+ The measurements for Litsin are probably somewhat tow to inclusive, in 1004 a 
estimated quantities (see Table 7). 


De, 
| 
anchow.......| 178 | 208 | 467 | 446 | 61 | 
Ghinehang. .. 171 | 131 | 296 | 244 | 324 1334 | 576 | 151 
26] 10 | 131 | 248 | 336 | 404 | 1 250 1723 | 900] 323 
Litsinf... 47 | 376 | 415 101 638 4) a 
q 88 

ica the Lower Col i 

orado River is an outstanding example of such aself- 

— 
= 
— 
— 
a 
— 


= 


9. or Sut Discuarce ‘During Froops 
& 
days cubic feet in cubic feet | centage of total 


7, 1934 | July 12,1934 | 5.00 | 1623800000 | 23177980000 io 
‘Rug. 9; 1934 | Aug. 17, 1934 | 8.00 | 16687793000 | 153865774 000 ott 

Tuly 6, 1935. | July 11,1985 | 5.50, 
6; 1985 | ‘Aug. 11,1985 | 475 | 11811638000 | 118195855000 


July 81934 | July 13,1934 | 5.50 | 1141443000 | 20067 344.000 
Suly st | Suly | 9:00 | 13004715000 | 152496000000 | 103 
1, 1984 | Oot, 9, 1934 120624836000 | 


1935 13,1035 | 5.50 | 2 970 195 000 100 242 368 000 8.0 a 
duly 9. 1934 | July 13, 1934 | 4. 25 ¥ 657 921.000 21380504000 | 
‘Aug. 9, 1934 19, 1934 | 9.75 840 000 132 671 520 000 
211934 | Oct. 10; 1934 | 8.00 | 2 560000 97597440000 | 27 

July 8, 1935 | July 15,1935 | 6.50 | 1355520000 | 127840907000 | 1.1 

‘Aug. 8, 1935 | Aug. 18,1935 | 9.50 | 5841444000 | 170490528000 | 
A 


eX exhibit the same characteristics as the Colorado River, even toa greater extent. 
> Tn some places the Yellow River has been observed to enlarge its net cross- i 
ti section, during the freshet season, to more than three times the area it has during Be j 
_ the low-water season. However, the « question (among many others) arises as 
to whether this river will stop its scouring, or even begin to deposit its ae 
_ when an extremely severe, silty freshet occurs. ind It is a non-regulated stream > Bae: 
4 without a any fixed bed width, being extremely wide and braided in many sections Wes 
and very narrow in others, and its slope through the diked section varies con-— . 
siderably. . Iti is not easy to predict how it would behave if it were to be eregu- oi 
lated and made to flow in a bed of fixed width. The phenomenon of scour and _ ae 4 
a3 refill, its magnitude, characteristics, dependability under all conditions of 2 f 
a freshets, and the relation this phenomenon has to the silt transportation, there- z i 
- fore, se seem to be of sufficient importance to warrant an investigation as to how “- 


far it will influence any regulation plans. w odt 
___ Inorder to examine the scour and refill | action of the river, use has been made — = a ; 
the collected hydrometric data in order to decide whether some 


a could be drawn. In general, the data gathered to date (1938) show a oo 


4 

— 

| 

= 

4 

| a 

4 

if 

j 

partial refill immediately has passed and the flow is q 


~ refill ital bg the end of the year the bed will have m more or less the ea: same 1e elevation » 
position it had before the freshet season began i in the middle or end of June or — 
the e beginning of July, as the case may be. be. - However, the reach up stream and 2 . 
-_ down stream from the 1851 break is an ‘exeugtion. Here the river bed has been 
ae rising definitely during the five years, 1932-1937. In other respects, the scour s J 
jee and refill action is less pronounced in th in the up-stream reaches than in the down- 

gtream re reaches, but local conditions seer seem to have a considerable bearing o onthe 


3 

When the writers were trying to ‘interpret the data highly dubious cases 

oe _ arose due to lack of cross-section measurements taken just at the time when [| I 
important changes occurred in the river bed. Due to the long distances I 
tween the stations it has been difficult to correlate the happenings at one 


. Mw ith the happenings a at the next: station; and qu questions regarding the influence pes? 
ee Ss of the character of the bed silt and suspended silt also arose. At times, erosion | of 
ae 4 and refill of the river bed occurred in a manner that could not be t be explained fi oe 
= the ‘magnitude o of the freshets, changes in 1 velocity, the acco accompanying silt | 
‘ ae charge, or the rapidity with which the river rose or fell. Furthermore, the 
a ee condition in the delta seemed to have a 8 strong influence o1 on the elevation of the — 
3 river ‘bed in the lower reaches. When the delta channel was favorable, the Be 
=a adjacent up-stream channel was deep, and the data tended to show that this is 
_ increased depth propelled itself up stream by back-cutting until the influence tr 
€ sev eral months later was noted as far u up stream as the Grand Canal crossing. ee 
how ever. The necessary ‘ ‘machinery ” for all the investigation work had 1 been 
= set up up, but had to be canceled on account of the war. ee mE Aare 
- Some studies have been made of the variation in the effect 0 of silty « diechenagi: a 
Pg on scour and refill by plotting silt discharge against total discharge on loga- 
‘ rithmic paper for the conditions: (a) When the river is scouring its beds; (b) 
; = when it remains unaltered; and (c) when it is silting up. The data, although = . 
: A - falling somewhat scattered on the graph, nevertheless show distinct straight — 
dine logarithmic relations in all three cases. . The lines tend to show that the 
 up-stream reaches of the river at low-water stages are more efficient for convey- _ 
ae ing silt without channel deterioration than the lower reaches; whereas, for a te 
oe & _ discharge of n more than 90 000 to 100 000 cu ft p ‘per sec, the lower reaches become Des 
more efficient. These are relatively deep and narrow whereas the upper reaches 5 x 
ate shallow, wide, and often much braided. of Yano foo 
a Variation in slope along the diked course does not seem to have any very 
oes decided influence on the sepsiiiey of this river to transport its silt or to scour its” 
bi | Be bed. Perhaps these phenomena may be determined more by the character of - 
; the silt (in the bed and in suspension), by the shape of the cross-section, and 
by the rapidity with which the flood flow increases—that is, by the accelerating e 
a force of the flow. - _ Furthermore, the rate of refill seems to depend to a great — 
a. extent on ther rapidity with which the discharge decreases: Rapid decrease means ~ 
. a rapid refill, and vice versa. The steady refill back to normal low-water con 
« dition in the autumn is due toa slow “ or ‘bed-load move- 
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ment when material dey 
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a Epean, | highly silt-laden freshet; but as far as has been observed a rr noel A 
4 sized freshet, silt-laden to the extent of 18% in the up-stream reaches an and 12% 
jn the down-stream reaches, does not seem to have its scouring capacity de- 

creased materially. . Higher si silt concentrations may show ‘detrimental effects, 
These are the general conditions. The entire aspect is highly complex, and 
q any silt-transportation and bed-scour formula to _ cover such multitude t 

unknowns, does not seem of ‘much practical: use. ‘is realized that more 


wits 

4 accurate and more specialized data are required to clarify the sc scour and refill : 
hy 


« 


problem. Data should be secured simultaneously at many places along the 
river with the sole purpose of obtaining the needed information. The Tiver: 
‘ ‘scours and refills so rapidly during freshets that special observation | equipment = -_ a. 
must be organized for such study, including that of rapid silt analysis. Further- Gh Sg 
if “more, , the places where the observations are taken should be selected judiciously 
should be numerous enough to eliminate possible local effects. 
7g For the time being all that the writers can say with regard to the scour and Rag 
- refill which occur along the diked course « of the Yellow River is that such actions - 
-do take place at all the five hydrometric stations along this stretch. However, 
; bso hydrometric stations have been placed where the river is relatively narrow 3 a a 
and stable; no data have been obtained from places where the river is wide and - z 
braided or at typical “ “cross-overs? between bends. It is possible that at such 
places there is little or no scour. There may even bea slight fill during the 
rising stages of a freshet. possibility of such happenings should not q 
ignored in the design for a regulated channel. The: writers, therefore, advocate 


-cautiousness when it comes to deciding upon widths of a regulated channel for 
the diked course of the Yellow River. q poo! 


course 0 
The laboratory experiments in Germany (reported herein under the heading, om —. 

a “Scope of Investigations: Studies in Recent Years”), altho ugh illuminating, are ae = : 
| not sufficiently conclusive to warrant any other description than “further 
a wa The gradual refill, especially ir in the lower reaches, which has been observed - 4 
to take place in the sutumn after the freshet season and which causes the e river ; 
bed to be brought back to where it was before the beginning of the freshet sea-_ 
son, may or may not occur if the channel were to be regulated. The bedded 


_ may then be m moved ree the bottom more evenly through the diked — 


x 


uel were based on the delta at the sea as the main depositing | area for the 
a rm | ethods s of Decreasing Flood Hazards. -—As the problem of decreasing flood — 
hazards along the Yellow River through the Great Plain is now analyzed it 
appears that the should be far more extended thas merely to 


4 
— 
— 
“eG 
Po. 
J 
bed and then in another stage down stream. In the reaches up stream and ae ou 
_ down stream from the 1851 break the river is still adjusting its bed and this also ag eae 
é 


3 


strengthened dikes. Then remedies that should be considered carefully 


@ 


(1) Detention basins west of the’ Great Plain to arrest andto | 
“iron out,” the cresting flow of maximum floods; 

~~ a ‘Spillway flow into basins on both sides c of, and near, the river in West _ cag ix T 

(8) A by- pass channel fo'"»wing the general course of the Tu Hai Ho from 

the Grand Canal crossing to che sea north of theriver; 

@) Earth dikes and their protective works; jon sab , i 

(5) Channel regulation and fixing a selected course; 

(6) Control of soil erosion in Shansi, Shensi, Kanst, and parts of Honan; - 
‘Control of run-off by increasing the brush and forest cover in Shansi, 


 Shensi Kansu, and partsof Honan. — | 


aes: ae Detention Basins West of the Great Plain.—The writers have come to certain 

a x aa tentative conclusions as to the value of detention basins along the main Yellow 
= River above the delta, on several of the feeders from Shensi and Shansi, as well % 

- as on the Lo Ho and Chin Ho that enter in Honan at the beginning of the plain, Be 


Actual preliminary studies of the gorges below ‘Shanchow were made under 


direction of one of the writers in 1935 and 1936. Ina a paper* dealing with flood- 
Be detention basins for the Yellow River, it is suggested that basins in 
y comparatively narrow, steep reaches of the main river are more likely to e 
successful than any that may | be created ¢ on the tributaries, due | to more 
; ES 8 sustained flow i in the main river to wash out silt accumulation immediately 
a after the passage of a flood. The aforementioned tributaries, however, have 


: ~ . sufficiently sustained flows after flood periods to cause rapid silt removal from — 
the basins behind the dams ams. basins will function both to smooth the 
ee | flood crests (which are so extreme that they endanger the diked channel 


through the plain) and to detain part o of the extreme flood silt load, distribut- 


ing it over a long period. Sh _ 
bus Beginning 8 miles down stream from Shanchow at the Sanmen Rapids and 


a : continuing d down stream for 75 miles, the river runs through a series of gorges 
a mainly i in limestone formations. — Either at Sanmen, or at other | points in the ie’ 
es gorge (such as at Palihutung), dam sites can be found that would be suitable 3 
for use in establishing flood and silt-detention control works, Abovethe Sanmen 

Rapids, 200 miles by river, are the Hu-kou Falls where another suitable site 

_ for a detention-dam reservoir has been found. This region was inspected by a 
* ie one of the writers and surveyed under his direction in connection with hydro- as 
a2 electric power investigations in 1934. The preliminary studies made of so 


* 

a 


— Yellow River at this point and also those made of the Fen Ho in Shansi, 85 

a miles north of Taiyuanfu, at Hsiachingyiu,° as well as those made by the writers — 
= 2 on the Chin Ho, in Shansi, and the King Ho and the Wei Ho, in Shensi, indicate 
‘that renstuably tikes are to be had for an extensive ‘system ¢ 


Pogsibility of Yellow River Flood Control by Means of Detention Basins,” by S. Eliassen, 
_ Assoc. of Chinese and American Engrs., July-August, 1936. 


 ®“*A Study of Shansi Rivers,” by O. J. Todd, Journal, Assoc. of Chinese and American Engrs., January, 
988; also, ‘‘Shansi Water and Power Problems, h by O. J. Todd, Journal, Assoc. of Chinese and "American 


: 
{ 
— 
— 
- 
ee 
— 
] 
3 
| 2 
— 
ide 
| 


$i 


=. Discharge, in Thousands of Cubic Feet per Second 


Le Ho, in ‘Honan Province; but, thus far, no reliable reports have been made PF 
which would definitely show their worth for this purpose of river regulation. 


_ writers to believe that the detention- basin feature of flood control of the oe, e+ 


Flood Hydrograph at 
Shanchow 1933 


rere 


=) 


Detention Basin Outflow Curve; 
Non Silty Discharge 


<—Removal. (Several Possibilities 
Depending on Character 


Silt in Deposition) ig 


tae 


Qn, {9d 


‘Students of this assume the openings in dams and 


_ eanyon walls used for flow control must be ample so that the deposition of silt 
"i will not be too heavy i in the reservoirs and that the deposits will be removed i es 
8 scour. This limits the degree of control possible. Due to the complicated } 
4a “nature of the detention action, when there is much silt in the flow, it is not 
possible to compute, accurately, the data for establishing an outflow curve 
_ after the maximum stage has been reached in a basin. 2) ‘That the variations in — 
_grammatic sketches, Figs: 20and21,. 
If the basins are selected in Telatively narrow valleys, , with a slope steeper 
than 1 : 2.000, so that the normal velocity always will be a scouring one, there ee 
_ need be no apprehension that the basins will not clean themselves; nor is it — 


2 that the large outflow openings may choked. The 


the outflow and silt-clearing action may be 1 many, can ‘be seen from the dia- _ << 


equally good reservoir and dam sites are to be found in the upper waters of the : a 


The general field has been investigated sufficiently, however, to encourage the = & 


* 
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ee 
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are time element involved i in the silt clearing the height of 

necessary. The time question has a bearing on the possibility of a second 
= = flood following closely on the heels of the first; and the dam question j is . 


f 


both one of general of economics. the: diagrammatic s sketches in 


Stage 1 Control Flow is Clear 


is 
> 


it 
position; Ou 
Exceeds Inflow 


Fig. 21.—Basin Froop ConTROL ON THE River, 


Pe } Fig. 21 are studied, 3 it will be readily seen n that th the \ellt depos deposition i is likely to 
create a back-water s situation which will increase enormously the storage facili- 


dam in n order to give added storage. _ There i is room for much useful experi- 


valley. The possibilities for controlling the Yellow River floods and silt by 
i a system o of detention basins : are 80 promising that it is highly advisable to spend i 


our 
a considerable sum of money to clear up, by experimentation, such questions as 


cannot be solved by theoretical hydraulics or hydrometric observations « of the 


question of the effect of desilting 1 major ‘detention basins, such as the 
one proposed for the lower gorge on the main river immediately west of the 
1 Great Plain, in Taising the r river bed of the diked channel, has been considered & 


2 | and it is believed that records s already gathered indicate an n ability of the wide . 
t 


river bed between the Peiping-Hankow Railway and Mengtsin to hold, tem- — “ 
porarily, such silt loads as are likely to be dropped above that point ‘until the o 


-. winter months. | _ This section of the river is nearly 75 miles long, i is bounded — 


@ 
ee 
a 
= 
Be 
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oO 


a be protected against any temporary tendency to overtopping due to rapid 
ay Se ‘The ability of the Yellow River to pick up additional load and ‘degrade its 


~ 


J 


= bed even in low and medium stages has been noted when certain local fills, as — 


- , long as 50 miles, have existed due to new depositions that interfered with the 


od flow unduly. The rapid cutting out and carrying to the sea of the silt filling 8 
the channel below the 1935 breach at Tungchuang, Shantung, was observed i ~ 4 


mentation which, perhaps, could be best. performed in some small tributary 


medium flow of the river can carry them out to sea . through the autumn and — Bs, & 


it came into plain in April (nearly 2% of silt by weight), th 
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the river’s flow of 5U UUU to 55 UUU cu It per sec was forced throug e old 
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freshet was so c urse of a 
e bt week, the greater part | of the fill i int this section of the ri river channel. _ Further- er. ee 
more, in the autumn of 1937, a sustained, ‘medium-high flow of 150000 to 
ot 200 000 cu ft per sec, silt-laden to 3% or 4% by weight, had a most potent PS oe 4 
influence in clearing out bed deposits that had been accumulating for one or 
4 two years in long stretches of the river below the Peiping-Hankow Hallway, _ 
4 ¥ The main river channel is now as free from silt in its upper diked reaches as it 4 beg & 

was immediately after the series of high-water flowsin 1933. = 


An examination of feasible detention-basin sites indicates that these basins q 
| could be relied upon to reduce a maximum crest flow by a little more than one- <a a 

third (that is, detain a maximum flood of 900 000 cu ft per sec) so that t it will a <a 
not exceed 550 000 cu ft per sec at the Peiping-Hankow Railway Bridge. This — 2 . 
- discharge would be further reduced by channel losses to approximately 500 000 3 i 
cu ft per sec at the Shantung border, and would arrive at the Grand Canal ta 
crossing with a flow of not more than 450 000 cu ft p per sec, , which can be carried a ea 
by the down-stream channel without further control measures. By the adop-— 
# tion of this plan, it may not be necessary to resort to such other expediencies f for o. 


- flow reduction as are suggested in the following text, namely, overflow and 
B desilting basins on both sides of the river in Shantung, and the by-pass channel oF 
following the course of the Tu Hai Ho from the Grand Canal to the sea. 
Spillway Basins in Western Shantung—In the ¢ control plan for 
ie a a maximum flood of 900 000 cu ft per sec —— the regulated, ryvcolt 


| Routh inner dikes | in West Shantung immediately down stream from 


tae However, due to the fact that the river’s section near Tungchuang is one of rs 
the x most dangerous along the diked course under present conditions, and also =f 
because one must reckon with the fact that it will take considerable time before 
. > large-scale improvement plan can be put into operation, since so many points = 
remain to be investigated, it would seem highly advisable to construct such 
-—spillways at an early date in order to give added insurance against flood disasters ‘aa a 
during the period of preparation for the greater flood-control program. 
. aaj The overflow from the spillways would pass into the areas between the inner | 
if and outer dikes, where it would be detained briefly and partly desilted, and then | 


to re-enter the main river just up stream from the Grand Canal 


2 

bet 


after the flood crest has passed the outflow points. Control works to regulate 


me both the inflow and outflow would be necessary. As protection against the 
‘et 4 be attacks of a prolonged flood, it may also be found advisable to have a set of ~ ae 
escape sluices in the outer south dike just up stream of the outflow point in 
es — to | pass some of the flow into Tungping Lake from which it again would 
| © 4 ‘Teturn to the main river at Chiangkou. _ Additional diking to limit the Tung- 2 
ping Lake area would be necessary. Likewise, there must be a strengthening _ 
ae 4 & of the south outer dike. The north outer dike (or the Golden Dike) has al- __ 
been strengthened in view of the frequent dike breaks that have oceurred 
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RIVER PROBLEM 
The regions to be used. for thie: purpose are low lying, are ‘amply large, and 
“tend themselves well to a part control of an excessive flow. he only obstacle 
is the number of villages involved. However, an improv ved inner dike 
a system it is not likely that these overflow basins would be used more than once — a 
; in a decade; nor would the volume of flow into them | be very large. The edanger te 
of their becoming rapidly filled with silt, therefore, would not be great. Each i: 
flooding would be during the summer only and the farmers would thus always Ss 
be) assured of a good. spring crop. . Often ti the flooding would not be severe 
: “enough to injure the summer kaoliang crop, except in the immediate ' vicinity. 
The villages within the basins would either have to be removed or raised, ; : 
‘Such raised’ villages are very common in areas in the North China plain which — 
are subject to frequent flooding and could be promoted with State support. _ 
opposition to overcome, however, will remain a very | difficult part of 
‘this control measure. The farmers will submit themselves | patiently to frequent é: ‘, 
chance disasters, but do not wish to listen to any controlled flooding although — “4 


5 


this may occur less frequently and with less destruction to themselves. ie, 


ha natural by-pass channel as the Mississippi p possesses in the Atchafalaya a 


Rivers a he nearest to it is a small stream called the Tu Hai Ho beginning near 


ee sec in times of high flood. Surveys of this project have been made by rae 
‘Yellow River Commission and advance cost estimates have been developed. io: 


as ‘Then writers have studied the data and feel that the cost of the proposed excava- my 
tions is somewhat excessive compared to the benefits gained. However, two 


; ano overflow channel with a maximum width of about one mile. A suitable 
fe: modern gate structure would be required near the Grand Canal crossing ofthe 
Yellow River to pass flood water from 1 the n main river into this new eho 4 
To permit it to function properly it may even be necessary to put a regulator 
5 across the main river in order to throw the clearer low-water flow into the by- Ae 
pass channel when necessary to scour away these silt deposits left during floods. ee 
ose case further studies tend to discourage the construction of large detention — 
basins in the mountain districts west of the plain so that floods, after being — 
a by channel storage : and seepage losses, cannot be held to a maximum — t 
of less than 450 000 cu ft per sec at the Grand Canal crossing; it may be found ; 
int that this by-pass channel should be provided to take a flow of “ 
a much as 120 000 cu ft per sec. _ If it is assumed that a maximum flood will be 
{ nearly 900 000 cu ft per sec as it enters the diked section of the river - without 
= modification by detention basins above that point, it may be estimated — : 
that not more than 150 000 cu ft per sec will be “ironed out” and lo lost by ee : 
storage 2 and seepage in the 135-mile stretch to the Shantung border. | From 5 
crest flow at that point of 750 000 cu ft per sec, approximately 100 000 cu ft per — 
: <a sec may be diverted to the two adjoining overflow basins in Western Shantung, 54 ; 
af urther ou ty sec lost by channel storage and in the next 
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YELLOW PROBLEM 


-funetioning in the case of an flow. Such a by-pass channel will help 
in distributing the silt deposits at the coast over & wider area and thus retard Oe 
the rapid delta building at the mouth of the river. pie 
_ _However, if detention basins in the main river near Shanchow, : above 
a Yumenkou, or at Hu-kou, and on some of the larger feeders i in . Honan, Shansi, 
— Shensi, prove feasible as aids in reducing crest flows, this by-p -pass may not be b- 
necessary. Assuming that detention basins plus flow losses reduce a maximum 
5 ~ flood to 450 000 eu ft b per sec by the time it reaches ‘the Grand Canal, the present 
ae channel of the | main river below that point | can accommodate that quantity 
= without any great improvement to that part of the system asitis. = ~~ ah 
; ae Earth Dikes and Their Protection.— —Although } dike building has been prac- 
. - ticed by the Chinese for more than 1 000 3 yr, they are. to-day behind Western 
. countries in construction methods and safety requirements. On the Yellow — 


> 


_ River the present earth dikes are not of uniform quality, slope, or width over 
the 430 miles that they extend from the beginning of the delta plain in Honan 

west of the Peiping- -Hankow Railway to the tidal flats 20 miles east of Litsin; a : 
e nor a are they as scrupulously maintained as they should be, considering the 

_ highly important function they perform. Formidable dikes exist for the entire — 
stretch along the north bank; but along the south bank from the Grand Canal ae 

erossing to the Tientein-Pukow Railway, a distance of 90 miles, and from the 

e Peiping-Hankow Railway westward, hills take the place of dikes. On the north 
the dike extends west from the Peiping-Hankow Railway for a distance 

These di dikes are pore of loess soil, sele (if the supervision is good) from 

‘ non-sandy areas and hammered down while wet in 1-ft layers by the use ofa __ er 

—-90- ‘Ib > stone, thrown 8 ft ft into the air by ropes managed by eight men, t the flat  ° 

surface of such stone being approximately 1 sq ft. By this means the dike i is 

% made | reasonably t tight, and voids t that would permit, serious leaks are re generally 
prevented. Often the workmen are not carefully ‘supervised, the layers become 

; Rs as thick as 2 ft, and the tamping is indifferently done. Furthermore, sandy soil — Pp 
j . may 0 often be used with a thin surf ace layer of clay both for water-proofing and — 

bt against wind erosion. a Leaks through such dikes are ¢ difficult to stop and the 

result is often disastrous. When dikes are reconstructed i in winter after dike 

breaks, frozen chunks appear which cannot be properly | pulverized by the light Te 
4 tamping methods, and breaks have occurred from this cause. For these rot ut 


‘reasons the supervision should be made far stricter than it is at present. No 
dike construgtion sbould be allowed during such con- 


compacting the Alls, the layers should never be more than 9 in. thick. 


add greatly to the efficiency of the dikes, however, if mechanical compacting — 
devices, such a as the American nc oe were introduced. When the } as 
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: st be enforced if 
chanically or strict rules for construction methods mu 


ate! be The new dikes will have to withstand water pressures and 
ose “— currents fully as severe as those to which the present dikes are subjected. mS 


_ Asarule, the main dikes of the Yellow River are 25 to 30 ft wide ontop, __ 


although some stretches bu built during the two decades | (1918-1938) are as wide — 
as 50 ft. Such excessive widths are partly due to poor, sandy soil, and partly 
to the fact that in times of high water it may be necensary to utilize the earth a 


7 - costly to get earth from any other place than the dike itself . Spoil banks of 
oe - earth are also frequently placed on top of the dikes for such emergency condi- 
a Re tions. These piles of earth which the Chinese call tu niu (“earth oxen’’) are ey, 


a familiar sights to travelers along the dikes. In all new dike work it would be 


a oe above the plain tends to create a a swampy 01 or flooded condition along | the foot of ; 
the d dike on the land side. bae’ ebodjam § 


followed as to which side should be the: flatter. "Generally, the dike slopes 


are covered with an indifferent growth of grass which seldom develops a first- 


_ class sod because, during the winter, the farmers rake the surface to gather the ee 
a wilted grass for fuel and permit their sheep to | graze on the dike slopes. Old : 

: regulations forbidding such practices are no longer enforced. During tiene of 

4 dike breaches people from the flooded areas crowd on top of the dikes where e 


build temporary shelters. After the breaches have been closed it is 
frequently impossible to persuade all of them to leave. Even when the dikes 


are raised these huts remain, gradually becoming caves in the back slopes with | oe 


_ the roofs i in some eases even lower than the top of the dike. * _ The desire to live 
In recent years an effort has been made to plant willows on the 
close to the dikes. This should be encouraged as much as possible because such re E 
trees 8 protect the dikes both from v wave action and from the high-water currents. 5 
Five or more staggered 1 rows of willows with the inner row 20 ft from the foot 
sp of the dikes and successive rows 10 to 15 ft apart afford an excellent protection. 


Th the Lt trees have been planted on the dikes and this practice | still con-— 


thus a source of leaks. Saad the silty water tends to seal the finer inter 
_ stices and generally tightens the dikes in the course of time so that this form o 
- trouble is not so serious as it would be if the water were clear. Nevertheless, 
the potentialities | fo or leaks are t there and trees on dikes should not be encouraged. 
Slipr pping of dikes due to excessive saturation is seldom experienced along this 
river although it does occur on the Yangtzekiang dikes where the clay content 


is often wan and the difference betw een high and low water is as much as 50 
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i be caused by burrowing animals; but | 
ike ibility on the Yellow River than on 
‘Be ‘felt for yhere badger-like animals dig holes a foo 
tze, for instance, wher ingfortheseholes. 
near the Yangtze, ld be exercised in watching: 


YELLOW RIVER PROBLEM 

3 ‘the main dike is frequently a mile or more the low-water 
channel the foreshores are inhabited and cultivated, and the farmers living 
L there have gradually thrown up small dikes along the edges of the channel to % 
S protect | their villages and growing crops against flooding from medium high 


waters. % In times of greater floods these dikes are. overtopped and breached, 
and, as the main dikes are not protected, except where the current constantly 
impinges on them, the sudden onrush of water has been known, as at —— 
. i chuang i in 1935, to set up highly eroding eddy currents which destroy the main 
dikes. Unauthorized dike work inside the main diking | system may thus result 
in appalling disasters, and, therefore, in future regulation plans, human habita- 
- tion must be prohibited inside the main diking system and any cultivation 
-_striatly supervised. With no villages on the foreshore lands, every one will be 
_ interested in keeping the main diking system intact, whereas, at present, there 
7 is a considerable number of people who often hope that the main diking system _ 
eo be breached. The | population living on the foreshore lands constitutes ye 
of the difficulties i in the river in n its diked course. 


“phase ‘of maintenance work often Berson. costly due to the e long haul of stone. a 
i Stone quarries are few and far between in the Great Plain of North China. 


‘Until a few decades ago when | forei steel became available ont rapid 
4 ee quarrying, the Chinese used very little stone for dike protection works. a The 
& Ale kaoliang stalk was the chief material used before that time and the kaoliang 
i om groin and “‘fish —— pack work of the same material, sO well described by 
i 4 Mr. ‘Freeman,? are still used to a certain extent for ‘dike protection i in regions 
a _ between the Shantung border and the Grand Canal crossing, and also on “=i 
P.. _ lower ‘river n near Litsin; but in other regions | they are being replaced rapidly by et 
~ stonew work, although or dike-break closure and in emergency cases the kaoliang © 
stalk (Fig. 5) is. still extensively used everywhere. Huge stacks of it may be 
_ seen to-day piled up 1 near all the maintenance offices, which are ‘spaced at JAS 
re intervals of about 20 miles along the river. Due to the gi great quantities re- _ 
quired kaoliang is not a cheap material to use, and it needs constant mainte- _ 
a nance because it rots out in two or three years. New work attenuates: ba 
5 of the old, forcing the decayed mass into the mud below water where it is readily 
* scoured into by the current. Often it happens that the entire construction is 
:  - undermined and torn out. As an emergency material kaoliang has its decided 
3 place in maintaining the dikes intact, but not for permanent protection. Stone 
As pf i: has now become the logical material for this purpose and will probably always 
a remain so since sand cannot be found within reasonable distances for concrete 
Everywhere along the river, groin construction as defense v work against 
oe é Bi wift currents is preferred to the continuous revetment method practiced on the 
Mississippi River. Many types of groins are used (see Figs. 19 to 27). One 
& see the triangular, pointed groin, the narrow, down-stream-pointing groin, 
groins rounded in form, They consist of barricades of earth paved with 
Pe, Et stone and are exactly long enough to keep the current off the dike. In ne 
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= they are mostly of the narrow w type, pe; the p paved sides ain almost vertical, 
liberal depth of loosely thrown rip-rap covering of one-man-sized stone, 
teeta: the groin from under-water attack by the current. All gre groins are built 
4 = to be above high-water level. Often an attempt is made to guide the current . 
from the dike by "using one long groin ; but this ‘usually has renulted:? in 


> 


& 


a ai 5 long groin is is firmly defended by the < old i school af of Chinese river en engineers ; 

v which discusses confidently what the river’s action will be if a long groin were 
to be built in order to control a difficult reach. The reason for this optimism 
te # probably due to the fact that the “trick” sometimes has worked without 
7 = ue harm to down-stream parts. ‘: A decentralized control and lack of funds 

_ other than for immediate, pressing protection have prevented them from 
; _ attacking, systematically, reach after re reach and thus gradually subduing the 
Tree retards as as an emergency - protection (see Fig. 28) are not greatly v used 


Pe along the Yellow River, although one of the writers experimented with this — 


| 


| 


sty pe of bank protection in in Shantung ‘in 1922. Trees were used by the Chinese x 
1925 at Linpuchi in an attempt to save an | earth dike from further deste) ae 
; tion. _ On the Yungting Ho, near Peiping, their use is much more commonand _ 
has there proved valuable in emergencies. This r remedy might be 4 
than it has been along the Yellow River. 
Regulation of Diked | Channel Through the Plain. 


; q ee of n maintaining dikes is that of regulating the course of the Yellow 


‘River through its diked section. In 1922, Mr. Freeman? proposed | that there 
ne should be a straighter, narrower, and better protected course between two main 
than had “His plan was to have two 
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"more than one-half mile: apart and protected by y regularly s groins. It was 


 glso his intention to have an inner channel, 1 800 ft wide, regulated and held re it. 


in a fixed course so that it would be self-scouring and would readily earry all 
“flood flows. Professor Franzius, of Hanover, Germany, using the data col- 
— by Mr. Freeman, formulated an alternative plan in 1931, and recom- » 
ended a slightly wider central channel, having i inner unprotected dikes built ety Sa } 


a theoretical mean-water er channel e expecting to retain the flow longe enough 
4 


4 
rotecte 


to obtain a deep, narrow channel at low cost along which dikes with 
suitable protection might eventually be built, thus stabilizing the channel. 


These eminent engineers both believed that a narrow channel with dikes built 
closely along the banks would make the river - perform the work of cher vil ae 
a deep channel and that it would also scour sufficiently to accommodate the 
ey he The hydraulic data that have been collected along the Yellow River r since 4 
ee these two engineers discussed its channel regulation have thrown a much better — ee 
ie light on the perplexities and difficulties which are inherent in the problem of. a 
making a stable, diked channel through the | plain. In discussing this regulation er 
= problem, two alternative plans present themselves: (1) When the diked 7 39 
is to convey the modified, detained outflow f from a system of flood-c control 
basins within the mountain area to the west of- the ne plain; a1 and @) 


oo the full flood flow of the river 
dpa The diked course is not without importance from the 1 viewpoint of nav iga- = 
tion and this should be given a certain weight in fixing the dimensions of the — a 
a channel. Let it be stated at once, however, that protection against 


- tude of Floods,” ‘it has Senn stated herein that the writers consider a flood of = 5 


¢ 900 000 cu ft per sec to be the probable maximum discharge that the Yellow — 
can have at the head of its diked course, With flood-control detention 


reduce this ‘discharge to less than 550 000 cu ft. per where it enters the 
¢ de river. Allowing for channel storage and percolation, and other losses, ae 
this f flow will most likely not exceed 450 000 cu ft per sec at the Grand id Canal Ae: A 
a crossing, assuming the channel to be regulated. - Below this point the pr present ts 
channel, with a moderate degree of improvement, should have sufficient oe ‘S 
¢apacity to convey this flow. For a prolonged period during the summer 
it did convey almost this quantity, but finally breached the south dike 
near the coast due to insufficient bank 
a detention-basin system, however, the f full flow of 900 000 cu ft 
E ‘per sec ec would have to be accommodated . This flow, it is estimated, would “a 


be reduced to 810 000 cu ft per sec at the 1851 break, to 750 000 cu ft per sec 
Bs at the Shantung | border, to 650 000 eu ft per see by ateniiata into the proposed i 
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‘between the Shantung border and the Grand Canal crossing, 

q —- channel losses to 570 000 cu ft per sec at the Grand Canal crossing. At nll os 

latter station the Tu Hai Ho by-pass channel would take away a further 

a one flow of 120 000 cu ft per sec, allowing a flow of 450 000 cu ft per sec to pass , a 

ee). down the | present main channel of the river to the sea. Fig. 29 shows this “z 
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arrangement. Even if the channel has been narrowed by these 
losses do not seem excessive to apply but sufficient foreshore widths must be — 
left to permit them to take place. Even if experience should prove that the | 
4 final regulated channel does not give e such great losses there still remains the ” 
q ae of installing light-capacity flood spillways at a few points, such as — 


_ at the 1851 break, where the old channel still exists, and also below Tungehuang, a 


spillway over-flow basins would function for a long period 
3 before they became filled with silt, 
4 eee _ As regards the distance between ‘the dikes and the width and shape of 


the actual channel itself ec conveying the full flow of 900 000 cu ft } per sec, there — 

a is room for much theoretical discussion. From the considerations of scour _ 
5% and refill, flow and silt losses, and also from the standpoint of the hydraulic 

- laboratory - experiments ¢ conducted in Germany, it is not at all certain that a o i 
narrow channel with dikes built closely along the banks will be the best type — a) 
y to adopt. The German experiments | are especially illuminating; they tend to 
in a qualitative ve or indicative manner, that a channel with dikes spaced 
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logical result to be ‘expected. By the transverse of the . flow 
part o of the silt load is transferred from the channel to the wide foreshores = 


. giving the less silty flow a better chance to pick up silt from the bed. If a 


-. there are no foreshores the river has no other chance to relieve itself of its a i 
excess silt than by desilting it in the bed of the channel. However, ree : 

having a channel with wide  foreshores there is certain to come & time when — oy) 

a these have been silted up so much that the silt transfer has been reduced to a _ x 
point ' where it no longer can influence the flow in picking up silt from the sire: a 


res will 


"Taking a long view the situation this is perhaps the condition 


_ foreshores, therefore, it is of little use to make them wider than that required — 
ae for a normal deposition width. The cross-sections of the river often show . 2 
bs Penang in the nem profile indicating the line where the heaviest se 


which favors the slowest rise of the river bed. In selecting the width of the _ 2 


Pe de best position of the dikes. At times, bad soil condition will make it im- a 
tf _ possible to follow this line closely, and the best practical route will have to be es 
followed considering every aspect. Judging from cross-sections the indications = 

that foreshore widths need not exceed 1.25 miles, and, perferably, should 
be less than this on account of the cost involved in connecting a a cheanel agi 

? . There are also other reasons why excessive widths between dikes should 
be avoided An outstanding example of detrimental, excessive width is the 

section between the 1851 break and the Shantung border. At the 1851 break 


_ the chancel is more than 12 miles wide , whereas at the Shantung border it oe: Ri : 
has been narrowed to about 5 miles. The consequence has been that the te 332 aa q 
banks along the channel, due to the rapid silt deposition, have become as high ee p= 
3 as the top of the far-away dikes, as indicated by cross-section lines, and nee 
differences of more than 10 ft in elevation between the banks and the foot of Be ‘ll 
dikes have been noted. Generally, the transverse slope of the deposition 
is from 1: 3000 to 1: 4000 and hence the flow during freshets, when the ; 
overflow, runs diagonally across the foreshores cutting numerous 
channels which unite along the foot of the dikes, thus creating a very dangerous 
situation. It is almost impossible to stop the flow through these side channels — ri 
they have developed, and, in time, t the river takes up new channel 
‘e along the foot of the dike. “This has occurred time and : again and when it a 4 
ne happens the higher flood levels previously existing along the central channel — | Be 
se are transferred to the dikes, and overtopping and breaching inevitably occur; a 2 oe 4 
bie. 1 hence, the 1 necessity for both a narrower channel and a fixed channel as a link ate 
in the flood-control program. With foreshores not exceeding 6000 ft in ee 


4 i width the difference in elevation between the banks along the central channel — : 


and the foot of the dikes will be about 2 ft, which is not too much; but pecetieal 
considerations may reduce this width to about 4500 ft. The writers do not 
¢- consider a width less than this to be advisable i in the up-stream stretches of ps _ 
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3 price? of the channel would have a more regular dike distance better co- 
oh ordinated to the channel itself in order to create a uniform flood profile with» fs 
regards the width to be given the actual channel, ‘Messrs. 
and Franzius proposed 1 800 and 2 400 ft, respectively, as ‘most practicable. 
However, they did not have available data regarding the actual flood flow . ; 
rf ae or silt content of the river, which have been found to be more than twice the 

t 


ba during the flood of August, 1933 (812 000 ¢ cu ft per sec), there may be some 
2 doubt whether it will scour ‘its bed even if this is regulated. The heavy 
silting which occurred below the 1851 break should be a warning. © When 
designing the regulated channel width, therefore, no absolute reliance can 


be placed on a hope that the channel will enlarge itself. It seems better to a ‘ 


be conservative and give it a width, at least in the up-stream reaches, which a 


4 will carry | the flow without making allowance for scour. i The existing channel ES 


HERS 


+ in the upper reaches of the diked section has widths varying from less than — o. 
as one mile to nearly two miles. At low water this channel is full of sand-bars | * 
ore with many breaches. . As the narrower parts are fairly long, and since they eh 
ae carried the maximum flow in 1933 quite effectively, it would seem that under — 
is: no circumstances should the regulated channel be wider than the narrowest E 
a * existing | sections. _ From an inspection of the actual conditions it would seem 
i that it would be about. right to give the proposed. regulated channel a width 2 


ee a 3 750 ft at the 1851 break, to 3 500 ft at the Shantung border, and to 3 000 “We 
at the Grand Canal ¢ crossing. After the reduction of flow through the Tu Hai 
Ho by- ~pass channel a width of 000 to 2 200 ft may be sufficient along 


a channel. Iti quite true that the width now at: many sections is much n narrower oa 
ahs than this (as, for en along the 3- mile stretch at Chiho Hsien, 15 miles 


the “protected dikes) ; ite this stretch is too narrow and should be widened. cg 
& The observed water levels indicate that this section causes a ot on a 
up during heavy floods such as occurred in 1937. 
When it comes to ) dike distance width and channel width for the case in — 
i perretee: detention basin system has been built up stream, quite different 
considerations must be met. In case the outflow from ‘detention. 


to be scoured, causing the outflow to heavily One may 


be reasonably certain that there will be heavy scour. along the » regulated channel 


: en the period of less silt-laden outflow, and, therefore, it will be feasible to : 


; have a much narrower channel than that required under an an — of no 


hall 
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ing. Below the Gran Canal crossing the dikes are not too far apart. 

: | SSE They are even too close together in places. The main considerations here “ Petes 
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scour - of channel width in the up-stream reaches not exceeding 
1800 ft seems amply sufficient; but the same foreshore widths should be kept a 
b as in the case of unregulated flood flow. When the silty flow arrives the ae 3 
discharge has already become so low that it will be contained in the channel 
without flooding the foreshores. Gradually, the scoured channel 
will be iefilled and this may again raise the water level and flood the foreshores. oe 
Silt will then be transferred to them, and this again retard further deposi- 4 
‘tien in the channel bed . The swifter velocities i in _ the narrow channel will a 
also help to transport the silt load without undue deposition. - . » Having several a. 2a 
~ detention basins, there will also be silt deposition below each dam as wellas a 
a along the temporary silt storage area between Mengtsin and the Peiping- ae a: 
Hankow Railway Bridge. This will reduce the possibility of any extremely 

4 high silt concentration entering the diked regulated channel as a result of the 
silt depositions in the basins being scoured out. The rise of the river bed 
which, has been observed in the “upper reaches of the diked channel | during 


are some of those which unavoidably arise when an investigator attempts to 


many factors that enter into this problem and cannot be singled out as the - E% 
in safe guiding criterion. Recent studies in mechanics of turbulence seem much oe € 
} G: more likely to clarify the situation than mere studies of velocities. The 
writers have tried to use Reynolds ‘numbers to express efficiencies in 
_ transportation; but the results are meaningless, chiefly y on account of Ge 
- rapidly changing hydraulic radius. For rivers, a different criterion than is 
Reynolds number must be found to correlate turbulence and ‘its: effect: on 
et. The question of using dredges as an aid in improving the capacity in ein “7 
__tiver to carry its silt load has been considered. — Since the silt which 4 gs 
” year to year is left in the channel is small sinebitied with the total silt trans- 
» portation it may seem worth while to experiment with specially designed, She 


ul dred ges, to. see can be done, before each freshot season, to 


= velocities with silt transportation and bed scour. Velocity is a one of ool af am 


and hence silt transportation. Dredged cuts, through such 
may | help iz in their removal by the flood flow when it arrives. 


new departure in the aims of dredging operations and may 


BF Channel Stabilization Methods.—Until the main n dikes have been moved = 


3 ~ temporary stabilization works to nate the present sishonneld in place until che 
dikes have built and the permanent cha nnel works begun. 
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setual regulation work ‘should begin near the Grand each 
continuing systematically up stream according toa well formed 
sy - stretches, and the main improvements will be to ease a number of sharp bends — 
and bring the dike system | to a more uniform width. — The existing protection oy 
should be utilized to the greatest extent and, as much as possible, be made Ba 
to fit into the general stabilization plang 
diy When it comes to stabilizing the much wider channel up stream. of the 
=r - Grand Canal « crossing the | question | naturally ¢ arises as to which of the following iu 
methods will be adopted: (1) A continuous revetment of the channel banks 
ae, in the concave sides of the bends and where it is necessary to guide the flow Mie 


; be in the cross-overs from ‘one bend to the ; next; (2) 1 a system of gi groins; or, (3) ‘tas 
ik bi Method (3) will probably be the most logical since there naturally will ae 
be many places where the banks are fairly” stable and will merely require 
- paving and under-water rip-rap for complete stabilization. In such — 
it will be necessary to construct long groins tied to the dikes. — rears 
in bends where the flow necessarily comes close to the dike, and where no 
previous groin work exists, it will be preferable to use the continuous revetment __ 
method. . Groins in bends create a highly pulsating flow condition an L 
floods and many groins have collapsed from this cause. A certain degree —— F 
turbulence is necessary in order to carry the high silt content in suspension, : 
_ but this should be in moderation. Excessive resistance merely creates higher oh ; 
water stages. The bends themselves unquestionably produce sufficient eddy Ps 
currents to propel in the bends and, 


a smoo 


. stated 1 through re reaches er the soil is easily scoured and unstable i 
om the dikes. Long low groins will be necessary 
in cases to protect the lands and the stabilization works must be 
tied to the dikes. Several forms of such groins suggest themselves, such 
the pile groin, the fascine-stone groin, and the protected earth groin. The 
a first two forms are indispensable where the existing channel must be narrowed, 2 
— the earth ‘groin may be used to tie across foreshores, which are dry at WH 
medium stages. However, as an an earth ¢ groin must be above high’ water to 
escape destruction, its use will probably be very limited. The guiding principle, — 
au in all cases, should be such that silt flow on the foreshore land will be fairly — 4 
a Se a unobstructed in order to give facilities for the channel to scour; but the velocities " 
* aa on the foreshore land must not be so swift that they will tend to scour side 
Availability and cost of materials will determine whether the fascine-stone 
fe a= groin should be used to bridge the space between the banks and the dikes, ve: 
the pile-hurdle groin. The latter will require a mattress construction along 
its: full length to prevent its being undermined and destroyed. The 
= ends of these groins should define the new channel alignment, and should a ‘oe 
the form of stone heads. Since. economical considerations make i 
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RIVER ‘PROBLEM 


4 the groins, and whether they should be short or long, much depends on the = id 

; soil conditions. Obviously, a sandy, easily scoured soil requires closer groin Be 
spacing than if the soil is of a more erosion-resisting quality. = = ie ah! 
_ Experience on the Yellow River indicates that nothing but solid construction _ 

FE wouk will endure the onslaughts of a flood. Miserable failures have resulted — 
from attempts at constructing light pile groins for flood control. They have 
been laid flat or rooted up by the silty, swift water, and the great bulk of 

weed root and kaoliang stalk which the flow carries during freshet periods — o 

and which pile on to the works. Anything that remains will be entirely — a 
removed by the ice during the late winter. In much exposed places the fascine- 

stone groins will have the best chances for surviving. They can also be 
added to readily as the silt accumulates on the foreshores. ro Hite 

wy question has been raised as to the best direction to give long ¢ groins— 
 up-stream pointing, down-stream pointing, or a direction perpendicular 
“the current. In their report on the Yellow River, the engineers" employed — 
by the League of Nations have advised groins pointing up stream. On the 
con Missouri River groins pointing slightly down stream or perpendicular 
are preferred. Two questions seem to enter into this problem: (a) The rate 


of silting on the foreshores; and (b) the turbulence designed to ‘Produce: the | i 


scour of the river bed and the best silt transportation. VP BL 


It appears to the writers that hydraulic laboratory experiments can 


‘much to solve the question of groin direction. It is fairly obvious that, for 
various conditions, one ne angle will be better than another. The correct or 
"incorrect direction’ may even be sufficient to determine whether or not the 
Yellow River, | in its upper reaches (where the condition of the bed is not rs 
influenced by the extension of the delta at the coast), will raise, maintain, aa 


or lower its bed. Channel | boundary conditions are important functions in 


a 


bathing the relation between frictional resistance and id turbulence, and, as ae a a 


- the aim must be to have the greatest turbulence with the smallest flow friction, 


the groins ca can influence the bed conditions as well, and hence, in a double gf 


"pense, the turbulence. It has also been contended be writers on fluid me- jaa 
_ chanics" that the boundary conditions during i increasing and decreasing stages 
“of flow are extremely important, and that certain frictional boundary conditions 
_ may even n cause st still water or eddy flow i in the : boundary layers during a rapidly — e 
¥) decreasing flow. Ina silty. river this explains partly, if not wholly, the rapid 4 
--Tefill: which occurs as soon as a flood period has passed its crest. That groi 


iso in turbulence than the groins, it may be quite possible t that , 


oo “Hydraulic and Road Questions in China,” Series of League of Nations Publications, 1936. _ tag 


™“*Modern Conceptions of the Mechanics of Fluid Turbulence,” by Hunter Rouse, Assoc. M. 


direction and shape of the groins aay a decided réle i in the bed scour, = 


| 4 


becoming sinuous, it will be necessary to construct short, intermediate groins 

to prevent this effect, These intermediate groiné may be exactly long enough 

| to be tied to the nearest normal bank or ground, which is above the ordinary = P: 
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and direction can modify the refill somewhat is possible andi is 
worth investigating. Extensive hydraulic laboratory experiments to find the 
ee i best solution to this problem are likely to repay themselves a hundred-fold. nee 
Influence of the Delta.—It has been stated in the “Introduction” that the = 
a steady advance of the delta into the shallow Gulf of Chihli causes a flattening — ns 
Sa of the slope of the river bed in the down-stream section of the diked course, 
= making this higher than the plain. As far as can be estimated from the . 
existing hydrometric 1 records the silt volume that is being deposited | on the =) 
Bs , and in the neighboring sea, amounts on the average to + 
bi ae about 15 000 000 000 cu ft per yr. Previous estimates of 8 000 000000 to 
ES = 10 000 000 000 cu ft per yr are unquestionably too low, whereas the observed — 
silt quantity of 35.000 000 000 cu ft passing the Litsin Hydrometric Station 
eo, in 1934 seems much greater than the average. In 1935 only 12000000000 — 7 
a cu ft passed the Litsin Station; but if the Tungchuang breaches had not +: 
3 aS occurred, it would probably have been approximately 25 000 000 000 cu cu ft, : 
a a volume still greater than the average under the present condition of frequent 
After: the diked course has been regulated and well protected the 
= yearly silt volume reaching the delta and the sea may be as much as 
i >) 000 000 000 cu ft, which means that the delta will advance faster eastward 
& it does to-day. It does not seem likely, however, that in the near future 


the river course in the lower diked section will become much more elevated — 
pe above the plain than it already i is. Table 1 shows that the slope from Lokou 
oe to Litsin is 1 : 12 600, from Litsin to Holungehu, 1 : 10 000, and from Holung- 
chu to the sea, 1: 6000. Toward the end of the Nineteenth Century the — 
_ dikes were extended from Litsin 10 miles down stream, but it was only during ~ 
present decade (1928-1938) that. they ‘were continued the next 5 miles" 
to Holungchu. The low-water surface between ‘Lokou and Litsin is almost 
ie uniformly 5 to 6 ft higher than the plain. At a point 10 miles down stream 
from Litsin it is practically level with the plain, while at Holungchu, where 
_ the dikes end, the low-water elevation is about 2 ft lower than the delta plain, ¢ 
teat _ This merely shows that the dikes east of Litsin have been built on the advancing i 
steep, frontal delta débris fan. Beyond the ends of the dikes the silt spreads 
ce me ae and deposits freely in all directions; and, as the débris fan is extended, the ‘ 
slope : inside the diked course will be flattened to correspond with that up” 4 
~ stream from Litsin. be ‘As long a as there is distance enough for a steep, frontal y 
va débris- fan slope to exist between the ends of the diked course and the sea 
4 ' * coast, however, it does not seem probable that the super-elevation of the diked : 
from Lokou to | Litsin will become much greater than it is at present. 
vies Hence, the slope of 1 : 12 600 should not become markedly flatter, at least z. 


for some time to come (see Fig. 30). 
bs Surveys conducted by the British Admiralty about 1870, by the German 

pie - Land Survey Bureau some time after 1900, and by the Chinese Hydrographic ¥ 
‘Survey Bureau and the Yellow ’ River Commission i in 1936 and 1937, show that — 
the delta has advanced 12 miles, corresponding to a rate of one-sixth of a mile — 


i _ per year since the British survey was made. Sinee the time of the German : 
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; iF and the frontal slope of the delta fan as it is to-day—namely 1:6000. This 


sector has a of approximately 40 miles, and: a sector are- 
miles. The average 8 sea depth has been approximately 40 ft, the under-water 7 
slope of the deposited material, judging from recent surveys, is about 1 : 1 500, ir; HG 


gives a total deposition volume of approximately i 150 000 000 000 cu ft. 


40 Witee — 28 Miles 


Delta Land Surtace 1870 
rad 


30.—ApDVANCE or THE Fan THE GrapvuaL D1saPPEARANCE Lz 


Since the annual silt volume p passing to the delta and the sea has been a 
at 15 000 000 000 cu ft, it has taken almost 76 yr (since about 1862) to deposit — 
- the foregoing volume. This is in fair agreement with the advance rate of the 7 
i delta as given by the surveys, if allowance is made for silt carried beyond the “ae ‘ 
 60-mile arc-length front. The latest Japanese maps, printed in 1935, 
- the average depth in the Gulf of Chihli (that part lying west of Longitude ¥ 
121° E) to be about 22 to 23 m or, say, 70 ft. If there is no geosynclinal — 
- action interfering with the elevation of the sea floor, the Gulf of Chihli should 
_ become dry land (except the part north of Latitude 39° N) within 2 ~~ ea 
% assuming that the Yellow River continues to flow into it and has the same silt- _ 
- carrying capacity as at present. This is an interesting speculation ; but what 
is of more importance is to decide if there is any immediate cause for alarm . 
o _ due to the rapid delta advance. _ The length of the steep frontal slope of the 
i delta fan in from Holungehu to the coast: line is is 37 miles; and, rate 


ay 


7 


2 000 000 000 cu ft | per yr gives 138 yr. ) After all, this is not a very long we Ab 

_ period, and when it has passed, a highly critical situation will rapidly develop ae 

_ which is likely to spell the doom of the present course from the Grand ei 
to the sea. Hence, it is important that the advance of the delta should be 
retarded as far as this is possible. One way would be to try to distribute the 
‘silt over a longer front than at present. od Fai dj 
‘The length of the coast line along which the river has spread its silt during ie 


“the last 70 ye has been stated to be 00" — It may be possible to lengthen ty? 


i — 
| 
j 
- 
: 
— 

7 
— 
| — 
| 
>» 
— 
| 
— 
o£ one-fourth of a mile per year, it will take 148 yr for the delta front to have pe — 
2 
— 
at 
a 
— 
— 


thie to about 100 miles by having a divenia on 
= Re =, ss point 10 miles below Litsin, one arm going in a northerly direction, one to | 
boo the east, and the third toward the southeast. _ Each branch would ‘need to be 
Nhe? be diked from the diversion point for a distance of 5 or 6 miles, the diking ‘. 
= 0 being continued from time to time as the delta fan advances. To Prevent HF 
any of the branches from dev veloping their sections so that the flow shall 
become unevenly distributed it would be necessary to construct submerged 
a8 sills with bank revetment immediately below the offtake point of each branch, 
(An hydraulic laboratory experiment would be necessary to determine the 
_ a best divergence angles of the branches to make sure also of an even silt distribu- _ 
ee tion.) Dredges may be used to clear away silt from any of the branches" 


that might tend, temporarily, to silt up. They might also be used to coax: 


; @ the flow with its silt to pass to the sea in as few channels as feasible in order is 


__ branches. Such deposition frequently takes place to-day and causes silt 
settling with a rise of the river bed and increased flood stages for a considerable 

ue distance up stream from the head of the delta. When the course is good 

_ through the delta, and most of the silt passes out to sea the at course up x 


better by the littoral currents, , which are quite pronounced. It seems 
that the up-stream course should tend to deepen when the delta course is good 
since, then, there will be a tendency for the flow to scour a deeper channel in 
i, the transition zone between the steep and the flat slopes, and by back-cutting, _ 
cay Mg - this propels itself up stream. There are indications that this cycle of bed rise = 
2a and scour, due to good and bad delta channels, influences the diked course as 
2 far up stream as the Grand Canal crossing. It is of special importance to 
a _ have the delta channel in good condition before the flood season arrives as an 
he early sérious flood may cause overtopping of the dikes in the lower reaches if { 
it should find the bed in a deteriorated condition and the scour not rapid 
to accommodate the flow. This nearly happened in 1936. vai 
ae _ If as much of the silt as possible can be made to reach the sea, two objects _ : 
are attained: (1) To prolong t the life of the steep frontal delta fan slope, which — # 


_ prevents flatter slopes from developing up stream; and (2) to keep the up 


i It does not seem technically feasible to construct training works at the 


sa could distribute it. Even with this agent acting the silt deposition 

would be too rapid locally. The training works would also have to be tied 
ie to a dike system extended to the coast, which, again, would mean a deposition — rs 
$s of the entire silt volume over a limited area. This should absolutely be avoided — 


Spreading : 


= If nothing is done in the loess areas of the Yellow River yo cs 
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YELLOW RIVER PROBLEM 


£ Yellow 1 River on its present course from the Grand Canal to the sea after ee 
- another two centuries have passed. z During the next few decades every yeffort 
should be made, therefore, to enforce an energetic soil-erosion control precios ll 
_ This promises so much for the Yellow River that r no: ete recommending sae 
Control of Soil Erosion n.—Were it not for the aadodeae of silt in . the Yellow = 
River at high stages, the flood-control problem would be far less difficult. 
‘The vast quantities of fine loess soil that are washed off the hillsides in Kansu, 

- Shensi, , and Shansi, in the rainy season, and are brought into the Yellow 
% _ River | by such feeders as the Wei Ho, the Lo Ho, and the Fen Ho, create . 
most formidable problem. ‘Therefore, erosion control should be ‘most 

_ important factor in flood control for this river; and, yet, there is ample evidence — <om 


that it has not been practiced in a sufficiently effective manner, It is true 


Ay 


7 flective in the great loess-covered water-shed of Kansu and Shensi, for example, ae 2 
| tin in the hilly parts of Shantung where stone walls are used in making Re 
3 lasting terraces. . More rigid application of rules as to level terraces, contour a oa 


that many y farmers have sought to protect their side-hill lands by terracing 
them and have done so to a degree. However, the thousands of gullies and 
ravines: that have been cut into these loess hills by the agency of running water 4 
testimony to the: wearing away of these lands at an alarming rate. 
In his soil studies in China Mr. James Thorp has called attention to this 
problem,'* and states that the methods of control adopted by Chinese 
been only partly effective, although he finds the terracing in Northwest 
China to have been conducted over a wide area. Lack of rock supply and 
timber reasonably close to the regions being treated has made this work less 

} 


on 


“ft plowing, and pit and strip planting, as well as suitable supervision of a 
system, will all aid in preventing further inroads of eroding processes on the 
* : 4 lands that are now used for cultivation. However, in the great problem of oe a 
= controlling the gullies and ravines that are already deeply cut into . the land- oa 
a e: scape, timber and stone must be used in broad areas where these are very 
; : difficult to ot toobtain. Here, the power of the State must enter and a large subsidy 
& . must be created to aid local farming communities to put these gullies and : 

a | Ben under control if this erosion is to be seriously and effectively retarded. 

+ ~The native population does not possess the wealth or the leadership to carr, 

y e through this phase of the program, which will be costly and will require a at 

Mt Teast two or three decades with Government support of a most substantial — 

al a character. — if the outside support is only moderate, a century or more may _ 

pass: before this” important part of the Yellow River flood control is 

>i. (The field laboratory, established in Western Honan early in 1937 to make a a 
certain ex experiments in connection with gully-erosion control, has” yielded é 
« few results. _ Those in charge made certain brief field studies in Japan and, ia yu 


= were driven from their work by war conditions. . The only 
work of significance to date in this connection is the ; great natural open labora- a q | 
Erosion in China,” ‘Thorp, Assoc. of Chinese and American 
“Soil Erosion and River with to the Yellow River, "by 8. 


m, 
Assoc. of Chinese and American Engrs., ary-February, 1936. 
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“YELLOW RIVER PROBLEM 


is 
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Chinese farming community extending 


4 “believe that the condition of these gullies, many of which will lend themselves | 
14 readily to treatment by: a series s of low earth dams supported by cribwork | or 


. gent leadership where a way is found to obtain the he general co-operation of a 
the various land-owners and strong State support. soli 
Reforestation and Rin-Of.—It has long been the hope of students of 
_ North China’s flood problems that some method might be found whereby the i : 
rainfall that is concentrated almost entirely i in the months of July, August, ie 
‘3 and September, with occasional heavy rains in late June, might be spread out 
over & longer period, or that the run-off might be better distributed through 


“the year. _ Since: storage of flood- waters in reservoirs for weeks or months i is 


among as to the possibility prolonging the 
season. The group that has insisted for the past two decades that China’ 8 


tes the arid regions of the Northwest, has gradually beecsne less vocal as the diffi- 
Pe. culty of the problem has been shown, and as more has been published on the 


ee. matter of storm occurrences ¢ due to cyclonic action. To the writers it appears 
\- ‘that, although the duration of the rainy season may n not be : appreciably in- ea 
M creased and the climate modified by forests in a way to produce more frequent 4 y - a 
rains, there may be a - distinct benefit in the line of arrested run-off if North — 
and Northwest China ever developed a suitable forest cover. Such a cover 
over one-half the area of Kansu, Shansi, and Shensi, cannot be obtained “? 
> any reasonable cost and will require several decades of persistent effort due a 

he dryness | of the climate and poverty of the. country. 
= For many centuries seasonal typhoons have been coming in in from the 

_ ‘Tegions in in the Pacific Ocean east of the Philippines and d driftin fting westward to 

the China coast and then north through China. Other storms belong to the 
continental system originating in West- Central Asia and drifting eastward, 
3 as discussed heretofore in this paper. “3 hese typhoons are all of such force ne 
as to little affected by such forest co cover as may develop i in the North- 


a been made of power development on the main course of the Yellow ie 

| River. . Difficulties with storage on on account of the rapid silting of if 

By have made impracticable any large power developments on the main tributaries, a 
_ such as the Wei Ho in Shensi, or even the Fen Ho in Shansi, although in either 

winter flow, with its low silt load, , may be a months for 

‘irrigation. 
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hot practicable for the yellow fiver system, to the heavy sit conten : 
the water during the rainy season, the remedy of reforestation has been fre- 
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thus developed: but the ‘possibility: of utilizing power for pumping in 
a connection with irrigation in Southwest Shansi, as well as for industrial uses © 


> in surrounding heen cities (a “‘hsien city’’ is a “county- ~seat”’), seems to warrant 


the development of the power afforded by this fall in the main river. 
a _ The Hu-kou Falls are 125 miles north of Tungkuan, Shensi, or nearly 45 = 
 m miles north of Yumenkou. _ After having passed a series of rapids and narrow a ‘ 
gorges between Hu-kou and Yumenkou (see Figs. 31 and 32) the river debouches o 
on a plain which lies chiefly in Eastern Shensi, but also includes the valley — “4 ‘ 
at the mouth « of the Fen Ho, i in Shansi. The ‘Tegion to to the east of the river, 
4 from the Fen Ho s ‘south, is a loess plateau of which more than 150000 acres" m 
lie on an average of 250 ft above the river at Yumenkou. This land might — 
be pumping f from the Yellow ‘River, using low-priced power from 


4 


In 1934, studies, and geological investigations were ‘made of the 
s -Hu-kou site under the direction of one of the writers. Estimates based on 
‘ these and other investigations indicate that a development of 100 000 hp | 
dependable every day of the year can be made very economically, costing 
approximately $ 
ee Yumenkou and vicinity. - With a diversion dam 40 ft above the river bed Se 
oe bis 600 ft up stream from the Falls (Fig. 33) the available head at the power ¥ 
, site, chosen 5 000 ft down stream, would be a little more than 110 ft. ae a at y 
ee ‘i flood-control detention basin is to be established above these F alls, the problem oa 
rou of combining such flood-control project with the hydro-electric power dee 
to be considered. it can be solved by 
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a 


the lower 40 ft of the dam act as fats power while the higher 
dam section will serve for flood-control purposes. © = ods 
Ton Irrigation. —A thorough program of control for the Yellow River will 4 
include improvements to existing gravity irrigation projects, such as those 
t = Ninghsia, the Ho Tao region, and Saratsi. In addition to them, however, — ae 
projects already mentioned might be undertaken that would ‘require 


am ‘pumping on to table-lands in Southwest Shansi, immediately south and east oe 
of Yumenkou. One of these projects, near Hotsin, was surveyed in 1934under 
the direction of one of the writers, and its construction has been strongly 

urged by the local officials. In embraces 50000 acres of cotton land on tg 


_ terraces and sloping plains from 200 to 300 ft above the Yellow River at yr oa 


7 
4 


<9 _ A larger tract lies across the Fen Ho to the south of Hotsin on Ae a 


a plateau, where ‘approximately 200 000 acres, lying at an average elevation - oe 
. of 250 ft above the low-water stage of the Yellow River (where the Fen Ho e 


‘meets 3 it), offers irrigation possibilities. As yet (1938) no reliable surveys of ~~ 
this are area have been made. This land is particularly adapted to cotton growing, - E 4 
it frequently suffers from deficient rainfall. Development of cheap 
i sok o-electric power at Hu-kou would make the building of of an irrigation BS 
Se Ten miles above the Peiping-Hankow Railway the Yellow River might be 
tapped « on the north bank for a gravity irrigation project that would ‘parallel e 
i‘ - the river to the east. Although surveys have not been made for laying out 


 eanals for such a project, studies of available maps indicate that an area of at h a “ q 


Jeast 200 000 acres may be irrigated at reasonable ‘cost. This 

would i insure crops of cotton, beans, wheat, ete. in drought years. Most 
the land that would be served thus i is of good quality for mixed i 


¥ Bs An indispensable accessory to all irrigation plans | for the Yellow River i ‘in 


lle intake works. If not, the river is certain, after a few years, to form a = 
ie foreshore in front of the intake due to silt deposition at and change of course. en 


om by Flooding: —The dike break of 1935 in Western Shantung > : 3 
< 


» 


Z followed the course of the principal channel eroded by the flood waters for os 4 
distance of nearly 50 miles making almost worthless for agriculture approxi- 
j mately 350 sq miles of farming country that, in previous floods, had sustained Ae oe 
similar: ‘injury, had again been improved by fertilization and 
a ? The October inspection trip showed that the late spring planting on these — i 
oo yielded scarcely enough to pay for the seed. Farther away from the @ 
_ break where there had been ponding with but little current, deposits of very ag 


c fine silt or loess had greatly improved the land. Over large areas 50 to 60 mt * b: 
2 miles from the break such deposits of clay-like silt were from lto2ftindepth, 


not, as & rule, dry. enough for planting i in 1936. 
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; ae the u use of adequate gate structures, that will retain most of | the sand within 
ies the river bed while accumulating a deposit of. fertile silt over the area, will 
bby prove feasible and beneficial. — A zoning plan can be developed so that each 
: year a district on each side of the river may b benefit by such controlled flooding. _ 
_ Five or six years later those same areas would have another turn to oo 


“pipes thus used the process is slow. F through an extensive of 
a seems necessary if this land eae is to be undertaken seriously. 


down. applies to the river tien the Peiping-Hankow "Railway to the se 
In order to have depths greater than 3 ft it would be necessary to construct — 
a system of contraction works: inside the proposed regulated channel. © This ‘ 
_ would interfere with the river’s scour action, however, and would prevent the 
enlargement of the channel so necessary for carrying the flood flow safely. 


first freshets and would have to hes replaced early each ‘spring. Of course, 
deepest channel would have to be marked constantly. 
baie, - From the Peiping-Hankow Railway to Tungkuan, the country on both 
; fe sides i is mostly very mountainous and sparsely populated. . The currents are 
swift on account of the river’s steep slope, making up-stream| navigation ‘slow 
and difficult. The treacherous Sanmen Rapids are also much feared by the 3 
Pa. - boatmen. . Before the construction of the Lunghai Railway this part of the 
@ river carried a large part of the exports from Southeast Kansu, West Shansi, ee 
es Central Shensi; but the railway has now practically absorbed all dl the Sah 
A wi traffic and there is left only a small tonnage of coal transportation from mines 
along the banks below the Sanmen Rapids. Navigation t through this section 
is now unimportant and not worth considerin in pa 
rtant and not worth considering. to pa 
From Tungkuan to Yumenkou no very swift-water stretches are encoun- 


tered, but immediately to the of Yumenkou there are gorges where ag 


(see Fig. 31) Yumenkou there are a of important coal mines 
e from which the Lunghai Railway and large ai areas in Central Shensi draw their ; 
i coal supplies. At high-flood stages no craft can go up these gorges and, 
Se -even — water, the coal barges have difficulty i in getting through the — 


nenhohle thet flanding f thece law andy lands he 
— 
a Attempts have already been made in Kastern Shantung to siphon Ye ow oe. 
— 
— — 
ellow iver the loW-Water season. Wer launch drawing more than 
ft would have difficulty navigating the diked section of the river in low-water _ 
stages. With the proposed training of the channel, perhaps, depths 
exceeding 3 ft may be maintained at all stages, although bars will continue 
— 
Ric 
rise more quickly than otherwise. The only navigation improvement worth 
™ —______while would seem to be a light system of construction works at places which __ at 
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¢ 
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Good power 


boats may be feasible here as the traffic se seems their use. 


For the next 30 miles to Hu-kou Falls the river has a number of rapids. iy 


Boats rarely go up this. ‘stretch, therefore, although they may shoot these 


rapids on their ‘way down stream after being hauled around the Falls. In Her 
_ consequence, only cheaply constructed shells are made for traffic through this 


| . section and such boats are sold in Honan or Shantung as it is not economical = 


coma The question of getting boats around the Hu-kou Falls has been a problem _ 

for years. The passage is highly « dangerous’ except for a short season of the ae 

peo year when unloaded cotton boats may be taken down a small channel nme 

z of two miles, and then reloaded. As yet the construction of modern locks to 


that purpose. All cargo is carried past the Falls by donkeys, a distance 


hol 


g Province, the regulation of the Yellow River along the west border of Shansi ee 


has appeared too formidable and has not been undertaken. The | problem is ae 

on g worthy of further study, since water transport may prove cheaper than rail - 
a haulage if it can be handled safely and without costly portages. It would K. 
not be an all-year ~year service due to the long i ice e period and the suddenly apps appearing a 


— 

— 
— 
|, 
river angerous in low water. Sharp rocks aa 
— 
Although Shansi officials have discussed improvements to navigation, so _ 
| 
— 
— 


i 


An interesting form of navigation exists between Lanchow 
In the spring, the natives at Lanchow construct rafts of ox hides” stuffed 
a BS tightly with wool or sheep skins, inflated with air, and lashed to a top framework sc 
are _ of light wooden poles. As many as 120 ox hides, or 500 sheep skins, are used ats 
v, for each raft. It is down-stream navigation only, but as much as 20 tons of = 


_ goods have been carried on a single raft. The passage through the narrow a 


ee jagged gorges between Lanchow and the Ninghsia border is rather perilous — 
“oa i. (see Fig. 34) and many rafts have been wrecked in this stretch; but the vane | 


ous 


ce Bes journey to the coast is so long and expensive that the dangers of the river 
a = Pe route are risked. On arrival at Paotou the wooden frame is sold and ms 
a x= es skins deflated and carried overland back - Lanchow. Two trips per year are 
all that can be made by one crew. ogmea tot 
a = Boats are also used on the stretch from Paotou to the Kansu-Ninghsia 


for down-stream as well as up-stream navigation, but they cannot 
ascend. the gorge section to Lanchow. It is possible, but very costly, to 
o. Be improve the gorges so that boats may reach Lanchow. Under present trade 
a= _ conditions of } Northwest China, however, such heavy expenditures are not 
Steam or motor-driven launches which have been tested on the Yellow 
% jd River have always encountered trouble because the silt wore out all bearings 
in contact with the water. — Therefore, bearings that can be flushed by clean a 


water under pressure adopted. Stern-wheelers driven by ‘Diesel 


a aa engines m may prove the most useful form of engine-driven boats, as the stern oe 
a _ wheel is less likely to be interfered with by all the long weeds and roots) ee 
ol water during floods. The axle-bearings are also above water. _ a 

h an air propeller has recently been tried with some. 

ot A oat with an air propeller has recently been tried with some ‘measure 4 

e of success between Paotou and Ninghsia; but maintenance trouble has been a vy, 


drawback. It seems that lack of experience with engines and their upkeep Be 
has been the main reason why | mechanically | propelled crafts have not been a a ist 

success on the Yellow River thusfar, 
a7 _ The use of dredges" for improving the navigable channel along the diked = 
course of the river can only be considered in connection with maintaining a a 
better flood and silt transportation channel as mentioned toward the end of — 


the | section on * “Flood Control and Regulation of Diked Channel 


The regulation of the River for flood control is a far more 
? 


a "problem than putting this river into condition for safe navigation. In fact, 


4 au ‘The area lying within the Great Plain where floods have done so much 


“ha damage | during recorded history, and where, at any time in the future, the 


taken, is estimated to have an area greater than 35 000 000 acres, or 55 000 
‘miles—approximately the area of the entire Shantung Province (see Fig. 35). 
The Provinces of Hopei, Honan, Kiangsu, and Anhwei, as well as Shantung, 


} = 


population may suffer if adequate control and regulation work is not under- — 
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U.S.) vote acre for a . period of two decades or more. . If this is done the Central re f 
geanaaiaah will be better able to lend aid to the poorer Provinces of Shansi, 
-Shensi, and Kansu it in coping with the -soil-erosion problem, which will Tequire Es 
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APPROXIMATE AREAS SUBJECT 10 
YELLOW RIVER FLOOD 
Provinces Square Miles 


Kiangsu 


A 


onstruction costs in China are far less than those in America the 
- necessary work can be done very reasonably, and Yellow River floods, such ‘s 
as have cursed North China in the Lewy ‘ean be made so highly improbable _ : 


a 
tk: 
= 


be Shensi and Kansu water-sheds particularly, will be possible with | continued 
National Government encouragement; but it is time to begin this problem in 


earnest. struggle against these floods has gone on throughout China’s 
history. The means to combat them have partly the 


China, and Dr. Erik Nystrom, Professor of Geology, Shansi University, for 
their reading of the manuscript and their helpful criticisms and suggestions 


i Charles R. Crane, former United States Minister to China. His intense 


interest i in these engineering problems and his continuous support have made ‘3 ; 
= not only the extensive studies involved, but their for 
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_ J. W. Bearpsiey,"* M. Am. Soc. C. E. (by letter). —Exceptionally detailed TS 
nd comprehensive data on a difficult problem are presented in this paper. To a 
appreciate the work involved one must consider the Chinese language which is 2 
ee not adapted to technical terms, the lack of co-operation — between adjacent 
provincial: authorities during past centuries, and the failure of the National 


- Government to collect data and to plan and construct protective works. — parc 


During 1918-1920, the Grand Canal Improvement Board collected samples 

ae of silt in the vicinity of Shihlipu and the railroad crossing near Tsinan Fu by 

bE. means of a hand pump and a pipe which could be lowered to any desired depth. © % 

eos A ‘silt load of 15% by weight was rather high. _ Samples were ) also collected 4 
from: old silt beds and measured ‘carefully. It was concluded that 15% by Ply 


pee averaged close to 10% by v olume. Recently deposited silt beds, sun -b 
A dried, were cracked into irregular blocks about - or 3 ft wide and 3 or 4 ft long. we 
‘The racks were 1 ft to 2 ft deep. Along the edge of such banks, where | the 
current had been relatively swift, were generally found small areas of fine aad 
_ suitable for use in in an hour-glass. _ Probably such sand would be peemiitte, a 
og soil fertility, whereas the ; average run of the silt would be beneficial. " oy vidi 
ro AK The deltaic central plains are said to have been very fertile many years ago; <a 
butt the intense cultivation during past decades has materially reduced fertility. — 


‘Missionaries reported that: their census pay adjacent to ‘Tsining, on on the 


"protected villages. Ae common type 3 of isrigation j in this area is s by water Sars 
from wells which have a stone post on each side suitable for using a windlass. ai 


‘This part of China has no “April showers to bring May flowers. sil It has ae 
slight ‘snowfall or rain during the spring. vs Soil moisture is not sufficient = 
—_— early plantings. The later seasonal rains usually interfere with the 

Data are not available relative to the decreasing fertility of these deltaic ne Be s 
«areas, Sir William Willcoks referring to the displacement of “basin” irrigation _ Mi = 
in Egypt by the then new perennial irrigation said: * “The Tich muddy water 


2 A notable is that the Nile le has be been orderly.  Itis the life of 
oe The Yellow never is an unruly bandit to aca an extent that it is called “China’s a 
“Cons. Engr., Syracuse, N.Y. j 


The White Nile and The Cotten Crep (if by Sir William Willeoks ; 
delivered at a meeting of the Geograp January 25, 1908. 
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_ be dispensed with today than many similarities. Both 
Nile and the Ye taries of any importance several h 
rivers. Both lack tributari ‘= 
‘a 
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0 ON “YELLOW RIVER PROBLEM 
The a of “Irrigation” and “Fertilization by Flooding” 
are exceptionally interesting. Similar comments on reclamation would have 
aie Ree been of equal interest. With considerable hesitation, the writer ventures to es! 
= ane make two suggestions for making a useful servant, at least a part of the time, eos 


out of the unruly Yellow River: Huahib atch baat 


Q) Adjacent to the river’s old bed prior to 1851 (and in several other 
4 Sis localities near its present bed) are a number of shallow lakes and marshy areas : some 
= too wet for cultivation. Is it practicable to fill such areas with the July floods? — 
ces ee The silt loads i in the vicinity of the Peiping- Hankow ‘Railway Bridge frequently — - 


carry 15% or more of silt by weight, or 10% by volume when compacted. “An 


5 


a impounded basin having a maximum depth of 5 ft would deposit a half foot of 


soil within a few days. _ Within a Zz years such areas could bre converted into ia 


(2) it to flood those areas near the river, ‘where irrigation 


4 week or more before sufficient moisture is absorbed to ‘sprout early plantings. 
& The basin must then be drained and the retained moisture should be sufficient 
to carry the crop until the arrival of the summer rains. 
a i ‘The. silt load is then generally about 1 per cent. If a depth of 2 ft were Se: , 
_ impounded, the silt deposited would be of considerable value as a fertiliser, 
especially if the operation can be repeated each year. This plan conforms to 
the “basin” irrigation of ancient Egypt. bara 1 


Pa As long as a s stable government control i is disturbed and co-operative main- é 


fold. Sooner or later these river problems: must be solved. 


Exuiorr J. M. Am. Soc. E. (by letter).—This paper is 
or? 7 extremely interesting one as it places before the profession m many facts that hee a my 
not, heretofore, been available with respect to this extraordinary river. 
wy “China’s Sorrow”’ is such an unusual stream, and the local conditions are so at x 
variance ¥ with those that river engineers are accustomed to find elsewhere, that yi 
the description has many of the intriguing qualities of a Jules Verne novel. 
Bs quantities | of sediment shown as passing the hydrometric station at ae 
 Chinchang are so great that there should be outstanding evidences of buried A 
structures throughout the alluvial plain, and Mr. ‘Thorp has mentioned the case 
a Fait of 8 , pavement buried to a depth of about 12 ft at Kaifeng, a few miles west of — 
ag the 1851 break. . The authors state that there is reason to believe that on 


; _ serious erosion now taking place in Northwest China began at about the time 3 
me of the Emperor Yi (2200 B. C.) but, even so, the depths of deposit i in a period - ‘ 
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draining. If such an operation could be repeated annually for a few years, 
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of 4.000 yr have attracted is evidenced the 


mention of asingle case by Mr. Thorp. 
ec she: Although the: writer confesses a certain degree of skepticism with respect to 
the | capacity of a river to carry sedimentary loads of the magnitude reported, ‘er 
the data have been accepted, for the sake of discussion, and an effort has been CT 
oe to indicate some of the inevitable consequences that must follow from 
i¥ ed, The slope of a river is one of its saat important characteristics, a1 anda 2 profile 7" : 
is very useful in studying its habits. iz In Table 1 the authors give the the necessary ae 
~ data and Fi ig. . 36 has been prepared to show the: slope from Shanchow (Mile 624) Lives 3 
tothe mouth. All elevations are referred to Taku Datum, the zero of which is ae = 
4.5 ft below mean sea level. As should be expected, when dealing with a stream oe 
sae unstable as this one, the distances shown are > somewhat different from those ih 
used by Mr. Freeman.* A number of stations not included in Table 1 have been - pe 
_ approximately | located by reference to the text or by scaling the oe to ae fe. Ee 
Mengtsin, Mi Mile 503, the river flows through the last of its mountain gorges with | 
- numerous rock ledges ‘and minor nor rapids; in this section it is an eroding stream B 4 ime 
carrying an enormous load of loess in suspension. A short distance above a 
Mengtsin i it enters its area of deposition and begins to meander from side 
side of an alluvial valley i in a bed composed of sandy material dropped by the — sh : 


2a river itself. A short distance above Chinchang (site of the Peiping-Hankow 


Railway Bridge) two. tributaries, the Lo Ho and Chin Ho, enter the main 


stream, The importance of these branches as flood carriers was illustrated in 
1935, when they added about 300 000 cu ft per sec to the July flood of that 
-~year. These se tributaries drain a an area ¢ covered largely by Tertiary deposits o of F. 


ted clay, and they do not carry as much sediment as the main s stream e 


‘Shanchow. Moreover, the clay is finer than the loess and more easily trans- 


ported. There are some strata of sand and gravel outcropping in the 2 clay 
R ‘cliffs and these should add to the bed-load of the river. Certain 1 maps, not 
; - published i in the paper, indicate that the lower portion of the flood plain of the 
Yellow River. 
x nile; and, | in the alluvial section from Mengtsin to Chinchang, it is about 1. 37. eee ‘a 
per Throughout this alluvial s section the bed i is ‘sandy and the Ti 
a shifts from side to side of the flood plain; for the full length along the right bank i. q 
_ the plain is bordered by the clay or loess hills; but on the left. bank the dikes el 


— oo 
There i is evidence that the river is depositing huge q of 


we 
at Chinchang and the p ortion of the inflow that “passes Shanchow is 
ie measured. _ No direct information is given with regard to the inflow from the be 
Ef Lo Ho and Chin Ho, and minor tributaries, but there is some indirect evidence a 
that this amounts to several hundred million cubic yards per year. 
b- pei Table 7 shows the monthly | flow of sediment at Shanchow and at Chinchang 
for the years 1934-1935. 1935, there was & flood i in the the tributaries 


‘ 


| 

| 
— 
q 
— 
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to more 300 000 cu sec, and during that month th 
= outflow of sediment amounted to the inflow from above Shanchow, plus 


158.000 000 cu uu yd. (F or convenience in visualizing the extent of the flood- 
Be, Plain deposits it is well tor recall that ue 000 000 cu yd may be taken, with an 


ee d epth of 1 ft.) If, “as seems probable, there were deposits during that ‘month, Fi 


. ’ the inflow from the tributaries must have been 158 000 000 cu yd plus the — 


quantities deposited. “During the 2-yr periéd there 1 were nine other months i in 


which the outflow was greater than the inflow from above Shanchow, the ¢ 
bed aggregate excess for the entire ten ‘months having been 406 000 000° cu ‘e 


4 
| Ss Sacth _ error of only 3%, as the volume of sediment required to bury 1 sq mile to a ¥ 


apparently 406 000 000 cu 1 yd plus an ‘indeterminate volume « of deposits. 


During the remaining fourteen months of the record the inflow of sediment 
ae ties above Shanchow, alone, exceeded the outflow at Chinchang by: 323 000 000 — 


x 


cu yd, ‘and the deposits included this volume | plus ‘the entire inflow ; from the ‘ 


The limited information available indicates that, for the years 
1934-1935, the deposits on th the overflowed land above Chinchang amounted to 
chil the huge total of more than 500 000 000 cu yd. For the flood plain below : 


Chinchang, better information i is, fortunately, available. 
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Chinchang, Mile 441, to Tungchuang, Mile 307.—The flow at Tungehuang 
re ii will be assumed to be the : same as at the hydrometric station at Kaotsun, a few am 
miles up stream (see Fig 29), 

_ Throug ghout ‘this: 134-mile reach, the river flows along the back-bone of 
ae si ridge formed by the deposit of part of the sedimentary load. "There ‘are no 


tributaries; on the contrary, there is a continuous threat that a crevasse will — 

a form, permitting the wastage of part of the flood waters over the adjacent plain. ¥ 3 
a In this section of the Yellow River the slope : averages 0.94 ft per ‘mile; , the 
4 distance between dikes averages about 6 miles; the channel is constantly shifting — 


its position b between the dikes and there are many islands and t bars; 
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isa load; there are weuatenaive ye cand deposits on the foreshores and on 
the adjacent plain; and, as shown by Mr. Freeman‘ all of the major changes in eS 


the course of the river have originated in this section 

At Mile 365 the great break of 1851 occurred changed the course of 

ats _ the river from its former southeasterly direction to the Yellow Sea, to its se 

present northeasterly course to the Gulf of Chihli. Mr. Freeman has presented 

a me a cross-section"? about five miles above this break which shows that the dikes - 7 


were about 6.25 miles apart; that the foreshores between the dikes and - f 
~ channel had been built to a level about 30 ft above the adjacent plain; and ee gl 
that following the break the river had eroded deep into the deposits. In 1937, 
as explained by the authors, the foreshore lands, for a distance of about 25 miles a 

above the site of the break, were still above the level of the highest floods . The as Be Beas 


es river bed at this point is said to be rising at a rate of ‘shout 3 ft per century, oo . 4 


5 


Tungehuang, the natural and artificial not yet t developed 
to dimensions that may be considered reasonably secure. In the great flood 
= of 1933 there were 35 breaks in a distance of 48 miles; in 1934 there was a ve 
break at Kuantai, only a few miles below the site of the 1851 break; and, wa car 
‘ 1935 there was a break near Tungchuang, the lower end of the reach. _ maw a ; 
a Table 8 shows that the quantity of sediment passing Chinchang during oll 
« Was 1915 000 000 cu yd, and that only 1 168 000 000 cu yd passed Kaotsun; 
the difference, 747 000 000 cu yd, was deposited between the dikes or ‘spread — 


i over the plain as a result of the Kuantai break. - In 1935 the silt i z 
amounted to 1 727 000 000 cu yd, ‘of which 1.046 000 000 cu a 
passed Kaotsun; the difference, 681 000 000 cu yd, was deposited between the 


dikes. In 1935 a considerable part of the sediment that had passed Kaotsun — a 


was subsequently spread over the plain as a result of the crevasse at Tungehuang. 
Ea. 7 tas ‘The profile of the river, the location of the various outlets since the beginning ~ 3 -— 
ee of the historical record, the descriptions of the shifting channels and numerous 
sand bars and islands in upper reaches, the references to the 
0 : “better defined channels in the lower reaches, the descriptions of the sand : and F<, "4 = } 
if gravel strata in the eroding Tertiary cliffs, the references to the bed-load and 
ion bea the sand deposits on the foreshores and adjacent plain above the 1851 ‘break, — a = 
the data with respect to the silt loads at the various hydrometric stations, and 
if “4 the reports that the bed is rising—all of this evidence is in accord as pointing 
i = — to to the conclusion that the alluvial plain from Mengtsin to Tungehuang i is nies 
as _ serving ig as a settling basin in which the coarsest part of the sedimentary load — i es 
. 2 _is deposited. The record of silt observations at the hydrometric stations and — a 
se the statement that the river bed at the site of the 1851 break is rising at the 
ie rate e of about 3 ft per century are in agreement as indicating that sediment = ’ 
20 
a ‘these should include mechanical analyses of the sedimentary deposits 
he <4 out the flood plain. Similar analyses should be made of the suspended load — 
at each of the hydrometrie stations; the sedimentary load should also be 
ot . measured at one of the minor rapids above Mengtsin where the entire load will _ 
Am, Soc, C. E., Vol. LXXXV (1922 
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DENT RIVER PRO 
presumably be in and therefore susceptible to. -measured, 
o> _ The gage records at the Lokou (Mile 152) and Chinchang railroad bridges should fe 
; ay _be examined to see whether the low-water levels at those points are changing; oe 
a they and all available information with respect to changes in elevation of the river sa 
oh 


bed, the foreshores, or the adjacent plain should be assembled and studied, oil} : 
$ Bier fas Tungchuang, M tle $07, | to Litsin, M ile 42.—The hydrometric station nearest — 


crevasses above that crossing is returned to ‘the river at that after 
been nearly completely clarified by sedimentation, From Tungchuang to the 


Ss ay; crossing the average distance between dikes i is about 4 miles; below the canal 
ee ee the width is about 1.25 miles. Below the « crossing the channel is more > clearly a 


defined than above that point. ‘Thea average slope for the entire 265-mile reach 


Table 8 shows that in 1934 the volume of silt entering reach was 
is 1 168 000 000 cu yd and the volume leaving a at Litsin was 1 295 000 000 eu yd. te 
In 1935 the crevasse near Tungchuang allowed i the escape of an unknown, but Lo 


very large, volume of water and sediment. . The _hydrometric station at * 


- Taochengpu, about Mile 236, showed an annual load of 514 000 000 cu yd as 
compared with 447 000 000 cu yd at Litsin. These values are not conclusive ‘ 
proof of either fill or. scour between the dikes | of this reach during the 2-yr | 
as Delta. —In the discussion of ie for the control of the Yellow River, the & 
authors state that the sediment to be discharged at the mouth may be as much | 
as 815 000 000 cu yd per yr, 8 value far less than the quantity shown as having on : 
entered the diked channel at Chinchang during 1934 and 1935. Their dis- ¥ 
cussion of the rate of advance of the delta into the Gulf of Chihli indicates that a 
no insuperable prohiom: will be encountered at that point during the next ea 
century, but that ‘serious: difficulties may arise w within the next 


“i 


General —When a project is, under consideration for the control of a river 
flowing in an alluvial bed, between natural or artificial levees, the thought i is 

s often expressed that the stream should be so guided and controlled that the a fa 


one entire sedimentary load will be carried from the head of the valley to the sea e 
_ without the deposition | of any part en route. Assuming, without demon- ee . 
a stration, that this can n be accomplished i in the. flat sections near the mouth, the ' rt 


be 


ap _ River by causing the flood waters to flow to the sea at levels below those of the 
surrounding plain. Unfortunately for humanity, this tradition must be classed 
a or the method used 4 000 yr ago must be one of 


xy, = 


a : oe proponents then look at the steeper slopes in the upper reaches of the area of f rq Ee 
A deposition and propose, further, that the same methods of control be applied to’ if 
reaches of --Telatively ‘steep slope. They argue that this should cause 4 
a erosion and that the river should cut its channel deep into the friable deposits, es i (Bis 
and thus lower high- surface to a level below that of. the surrounding 
Emperor Yii (2200 B.C.) is alleged to have controlled the 
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arts. i recent years, when it is proposed to make the Ye lens River dig seni: ‘ 
the method advocated calls for a reduction in width and a debate starts as to 


"whether this contraction will result in a lowering of the bed or whether it will er 


cause it to rise at a faster rate than at present. Those claiming that the bed 
wl be lowered base their arguments on the higher velocities that will be found 


2 in the narrowed channels, and the observed scour that has been noted in - 


certain short: reaches where the channel now has the width proposed. Those 


believing that the bed will be raised hold to the opinion that the highest 
Ee. velocities obtainable in practice will be lower than those necessary to carry =o 
entire sedimentary load to thes sea, and that the reduction in the area over which ho & 
deposits will be laid down will increase the depth of the annual accretions. 
tala In nature, an alluvial river carrying a heavy bottom load builds for itself . 
ide bed with a slope sufficient to create an adequate bottom velocity. In : 
‘discussing the effect of structures designed to reduce the width of such a stream oe 


ie the increase in depth and consequent increase in mean velocity i is habitually os 


stressed. There are other factors of equal importance, however, although 
ne frequently they are left unmentioned. Exact data are not always available — 
and, for a mental picture of the case, it may at times be advisable to depart 
iF from strictly scientific accuracy and resort to the use of rough estimates that — 
can, at least approximately, be checked by field observation. 
From the surface to within about 1 ft of the bottom, the suspended load and 4 
x Velocity of the river current can be measured with reasonable precision; by 
3 extrapolation the figures for a point 0.5 ft above the bottom can be closely — 
approximated. For purposes of discussion the velocity 0.5 ft above the bottom — on 
= be used as one of the indices. At a point about 0.2 ft above the bottom, or ee, 
possibly less, a movement of sand by the saltation process comes into action We 3 
the character of the load is greatly altered, the load is much increased, and the . 


‘velocity of the water is reduced. No practicable method of measuring the — 


velocity of the water and the extent of the sand movement within 0.2 ft of is “- 
_ The sand, traveling by saltation, together with the much smaller quantity it 


absence of indecmation as to: the magnitude of this load i in n the Yellow River, a 
han nothing. 


Yellow River when the mean velocity i is 5 ft per sec, and the velocity 0.5 ft Raed : 
NS. above the bottom is 3.0 ft per sec, will be assumed to be 300 grams per sec per 
_ ft width of channel; this is equivalent to 20 cu yd per da rftof width — 
q ya pe y pe ot 
— If the depth ofa a stream is 10 ft, its mean velocity 5! ft per sec, the e suspended - 
load 6%, and if 1 cu yd of deposit weighs 2 800 Ib, the suspended load per 1 ft 
of width will amount to 5 800 cu yd per day. These rough estimates indicate i" ee 
that if one-third of 1% of the suspended load in the gorge above Mengtsin — 
in consists of sand too coarse to be carried in suspension through the alluvial — 
eprcewset the capacity of the river to carry bed-load may be fully taxed. | The 


profile of the river and the descriptions of its characteristics indicate that its — e 


The Transportation of Débris by Water,” Paper No. U. 8. 


ba that moves by rolling or sliding, will be referred to as the bed-load. In the eS 
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ar for the stream to carry its full load through | the aforementioned section, the 


a y vertically downward results in the formation of a more and more resistant Bee 


ve 


‘surface. On the other hand, the ‘natural levees are composed of material 


o ee feet, q B is the bed-load capacity 
can be increased by an increase in velocity, and this in turn can be secured by a ‘et 


= reduction i in width. However, if the reduction in width is at afasterrate than 


DENT ON YELLOW RIVER PROBLEM 2 
is over-taxed. (On the Missouri and | Colorado rivers in 
= United States, a rough rule is that sand too coarse to pass through : a 200-mesh — 3 
_ sieve will be actual or potential bed-load material. The slope of the Colorado — Re a 
- River is about 1.5 ft ‘per mile, and that of the Missouri River about 0. 8 ft per 4 
would pass through a 200-mesh sieve.) 
It is not easy for a river carrying a heavy bed-load to dig vertically amet 
ere ~ As an alluvial plain is built up the natural process tends to pave the __ 


ot bed with the coarsest material available; any subsequent attempt to - 


a in suspension until the velocities along the foreshores have sufficiently 
cs _ slackened to permit its deposit, the coarsest part of the suspended load being 
% _ normally deposited nearest to the channel. These bank deposits are com 
spicuously lacking i in cohesive qualities and are very vulnerable to attack by 
 Soanainas or sapping. In expanding in a lateral direction the current need __ 
a only loosen part of the material to be excavated; the remainder is loosened by 
er the caving process. Material lifted from the bottom by the current is so 
< coarse that much of it must be carried away by the slow process of bed traction, 
whereas material loosened from the banks, for the greater part, can be borne 


away readily in suspension. When a river must enlarge its section by excava- oa: 


tion it is often easier for it to accomplish its purpose by digging laterally than 


If q is the bed-load capacity of a river per 1-ft width and B is the width eS 


of the entire stream. The unit capacity, 


the increase in unit capacity, the bed-load capacity of the entire river will be cot 


Pe The foregoing considerations create a doubt as to whether it would be 
a3 possible to increase the bed-load capacity of the Yellow River by reducing me 
its width, or that it would be possible to induce the stream to dig vertically ‘Se ss 
_ downward to a rrMep extent; but if these objectives could be attained, — 
it flows downward through its alluvial oe 
a o section would introduce further difficulties. From Mengtsin to Chinchang,a 
AP _ distance of 62 miles, the present slope averages 1.37 ft per mile, and the Yellow a 


River is unable, nevertheless, to carry its full sedimentary burden through that te 
reach. If the use of contraction works and revetments were to make it possible _ 


ee 4 problem would arise as to how the stream could be trained to carry this load,” ba 
es 3 larger than the present one, through the next reach to Tungchuang, a distance ie ; 
i. of 134 ‘miles, with a present slope | of 0. 94 ft per 0 mile. » If the problems of both set 
‘remain the task of 
of 
ae > training the river to carry this full load through the remaining 307 miles to the 
the present nt slope b being only 0. 0.54 | ft per mile. 4. 
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| = channel should be competent to carry to the sea an annual load of 815 000 000 rt | 
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we. 


CHATLEY OW YELLOW RIVER PROBLEM 

tw diked channel at is 
ao 727 000 000 cu yd in 1935 and 1 915 000 000 cu yd in 1934; and, the ‘quantity 

by the much greater flood of 1933 is not known. 

a It would appear that the project for the control of the Yellow River for the ; 

— next century should include provision for the deposit of a huge volume of the as =! 
coarsest sediment, in an area above Tungchuang, diked off and reserved for ee 


primary purpose. Below Tungchuang the project might provide 


4 carrying the partly « desilted waters, as at with only moderate 


In clecting t the aren ‘the flood as distinguished 
the sediment, the authors are on firm ground when they propose to give the | <o 
Pid “regulated river a width that will carry the floods without making allowance for 
beneficial scour. The writer is not convinced that, if detention basins of lg 
> type e suggested be built, it can be safely assumed that beneficial scour will ie 
and that the width of the regulated channel can be reduced correspondingly. _ sue 


< ‘Hersert Esa. (by letter).—This paper has the merit. of being 
2 the first fairly complete technical Goeatintnes of the river in question, 
; aving been able to present so full an 


The Emperor Yii are a little unfortunate. 


- archeological research tends to show that this person is very largely mythical E's 
= and an imaginative c creation of the early Chou: dynasts who wished to show that 


9 ancestors. i “There i is no reliable history of C China prior to about 1500 B. C. 
, In the references to modern studies some mention should be made of the 


i work of the engineers of the League of Nations, Messrs. A. T. Coode and Ww. 


Nijhoff. It is true that: a note as to their recommendations occurs in the 


On the matter of dike positions and the Dresden experiments, the writer 
has p published 2 a note in 1938 as to the theory of flow between set-back din ; 


_ showing that, ‘if the slope is constant and the flow formulas in current practice 


is not the flow are somewhat incorrect a and the radius 
_is no longer the sole criterion of flow in a bed of uniform material. — The changes Ws 
_ in the velocity-depth relation are possibly such that unless river sections are 
; homologous, or nearly so, the mean velocity i is not only an exponential f' function | 
of the hydraulic radius but depends also on the shape of the section. It is” 
worth remembering that, for constant area and constant wetted perimeter, 2 
_ there are two forms—one very narrow and deep and the other very broad and ee 
shallow—and it would be of great interest to know if model experiments : really ¥ a 


Former Engr. in Chf., Whangpoo Beard, Consultant ‘te the 
Government ; Cons. Engr., London, ngland. 


| — 
— 
— 
— 
— 
‘= 
| 
| — 
— 
| 
j 
— 
| — 
| 
_ Tises than a set-back position for the dikes unless the set-back is very large — 
| 
im 
| 
| | 
7 
| — 
— 
| 


n seach, (wich the same stone and bed material) were 


convinced that o one great objection to the sr dike pore is the “plug. 

ging” of the section after a spate. In a flashy river a large deposit of silt must 

occur when the river suddenly falls, and this will leave a diminished pend 
hen the next rush ec comes. The old bed of the Yellow River south of este: gl 

is very interesting; in many places it is quite high above the plain. |‘ The == | 


and, in, water continued to enter it after the break, and the 

silt content of both forthwith s settled and plugged the channel. LL Iti is improbable — 

- that the bed, say, at the c crossing of the Grand Canal by the old channel, was 

as high when the river flowed in it as itis now. The writer urged this argument 

to Mr. Freeman when the latter : advanced his straight deep channel proposals, — 

the writer stating that after a spate the channel would tend to choke and that a 

new te would back up and overflow the dikes before the plug was washed 
away. In this connection it should be noted from the data in Tables 7, 8, and 


see 9 that the silt flow in a few days may represent a large fraction of the | entire re 


pay, The gradients given in Table 1 show that the Yellow River is much ieeigie > 
Bis than the Mississippi River, even as the latter is steeper than the Yangtze. ae 
The most comparable rivers appear to be those of Northern India, several of — 
’ which act in much the same way as the Yellow River. Owing | to the far 
greater rainfall, however, and the ‘chowter distance from the mountains, the 
: We material there is generally coarser. The hypotheses advanced by Mr 
S Gerald Lacey” as to regime conditions are > well worth studying i in this connec 


ie tion, although they are modified in cohesive materials. | 
SE Seg statement that the discharge of the Yangtzekiang above Ichang ap- 


Considerations: Frequency and Magnitude of Floods”) 


as Many large tributaries enter below Ichang such discharge can rarely if vit 
‘It is noticeable that the ‘packing of the consolidated loess i is \ quite’ close 
the Terzaghi pore-factor being less than unity. In the suggested measures 
me 4a for regulation no mention is made of the plan suggested by Capt. W. F. Tyler® 
for silt deposition basins. In view of the fact that there are areas not far from NY 
the river which are below its summer level it would be feasible to draw off 
nsiderable volumes of silt and water and thereby build up, between dikes, 
oo dike of enormous width. The technical and administrative difficulties would 


2“ Uniform Flow in Alluvial Rivers,” Minutes of Proceedings, Inst. C. E., Vol. 23 
J 938), p. 421; also, “ Stable Channels in Alluvium,” loc. cit., Vol. 229 (1929), p. 259. 


“ The Conservancy of the Yellow River ne Maritime Customs Special Reports 
“(about 1905). f 
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am As to the delta, , the writer finds some difficulty i in crediting the statement De 
that the earlier surveys have much value for comparative purposes, and the a 
a backwater function seems to be over-rated; but this is a matter for investigation. _ 


te _ The breach of 1938 presumably dovemnd after the authors had submitted ‘ 
4 their paper. The flow has apparently been transferred almost entirely into the wae ae 
a Huai River and unless the dikes are repaired there is a serious prospect that ee) a 
_ the Hungtze Lake may become silted up and that the valuable rice lands on the f 
a east side of the Middle Grand Canal may be injured during 1939. In this con- — 
ia nection the plan of threatened areas, given in Fig. 35, should | be extended oem 


some thought and investigation with models and otherwise to the problems of 4 


q _ this great river, which is the example par excellence of a silt- bearing stream. a 
q Messrs. Todd and Eliassen have provided sufficient data for excellent work tobe — 


done in this direction. at to best ti ond oil lis 


H. VAN DER VEEN,” Esq. (by letter) —The authors’ contribution to the study 


of the problem in question is undoubtedly. the most valuable | and most ex-_ 4 


tensive treatise on this subject which thus { far has been published and contains : a i 
mass of. data never collected | before. hen the writer s severed his ¢ con- 
nections s with the Chinese in 1929, "practically. no hydrometric 
' research work had been done as it was impossible to induce the Chinese sa a 
q officials to undertake to sponsor it. Lack of funds in those days, and an ninsuffi-  & 


cient understanding of the importance of such investigations, were no. doubt a 


L- __ responsible for this attitude. It was extremely gratifying, therefore, when, in 


1919, Mr. ‘Freeman began his independent hydrometric study. of the Yellow 
River in eonnection with the crossing of that river by the Grand Canal? 
ii It may truly be: said, therefore, that Mr. Freeman was the one who gave the _ ae a 
impetus to a further r study of the Huang Ho, which Mr. Eliassen in his capacity "lee a 

~of Engineer with the Yellow River Commission in Kaifeng, so ably continued | e, ie 4 
and enlarged upon. At the same time it is to be regretted that the authors (as it a a 


seems to appear) paid so little attention to the work of J. CG W. Fijnje van i 


Mr. A. Visser. . This memorandum was submitted 1887 to the 


Government; and, apart from describing completely the conditions of the 
low ‘River at that. time, and ‘explaining its peculiar characteristics, it offers 
valuable suggestions about possible methods for ameliorating existing condi- 


be tions. More particularly, : attention is drawn to the fact that much might be 

attained by constructing adequate protective devices at the foot of each loess 

a cliff so as to prevent the enormous influx of silt, with which the river must cape, a 
_Mr. Freeman prized this memorandum 80 highly that he photographed it. ; 4&4 

8 He told the writer that it inspired him to learn more about that interesting — pa Ei 
subject. Mr. Freeman’s passionate interest was roused by this work. 


Former Advisor in River Conservancy to Chinese Government; Govt. Engr., Bureau 
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valuable data which he» published later;? but apart from influencing Mr. od) 
aa - man to shed some more light on the pecularities of the Yellow River, the _ 
- > contains some valuable advice which, if followed, would have a 
aaa _ improved conditions to such an extent that much of the harm done since would | 
have been prevented. In fact, the same may be said of every sensible sugges- _ 
tion pertaining to improvements of the Yellow River iver conservancy. which have ; 
been made since that time; but, as it is, much has been written about the esubject ; 2 
. many theories have been advanced, but no work of any practical construc- — 4 


have been permitted to “drag along”’ as in the past thousands of 
_ Formerly, this was due, perhaps, to the mental attitude of the river 


we 


te 

sures, he is said to given this reply: ‘‘When one is keen on tigerhunting and 
heer is only o one tiger, would it then be sensible to kill that tiger outright during _ ms 
- the first hunt?” There may have been some justice in this viewpoint in the old — Br 
days, but it certainly does not apply to the present generation with its many 4 } 
brilliant young engineers" who desire nothing better than to” end the untold 
miseries which the Yellow River continues to inflict. With laudable zeal and a a 
energy these younger men have started by practising what they learned in ie 


schools and universities about scientific river r engineering, following the 


ie methods—valuable data, as is proved by the excellent paper under discussion. Ie 
_— They even went so far as to have a model made of the river, at Obernach in i Zl 
_ Germany, where Prof. H. Engels in 1932 (assisted by Dr. Ing. Futu Li and in © cia 
| 1934 by Dr. - Ing. Yi Shen), conducted the necessary investigations 1 to determine 
_ whether it would be feasible to cope with the silt evil (1) by narrowing the river oe 
im between dikes, (2) by building the dikes parallel, or not parallel, to the channel, one ie 


- Ey. and (3) by creating a straight or a curved channel either with or without wing a 


be 


ig 


a dikes. “ These studies are all. quite interesting, but it is questionable whether 
such scientific studies*® may not be considered rather premature at this stage 
oN because, judging by the facts, the practical sides of the question seem tol be a 
is quite in order to collect data to conduct intensive investigations 
since this i is necessary in order to arrive at the best solution. pi ‘It is even an in- 
dispensable condition for ultimate s success; but it is quite a different ‘matter: 
a (and a serious one) when, in pursuing such a course, the immediate needs am a 3 
> a to be > forgotten. _ By paying too much posner-aeaih to certain sides of a ae 
appreciation of the main issue is likely to suffer. somewhat like seeing 
a few particular trees but not the forest of which they form a part. Why a de 
focus all available attention on one point a" instead of of spending years ii in oie 
_ laboratory in order to ascertain, for 
ee able to silt transportation? In this particular case, this is the immediate pre: 


Modelversuche iiber das Verhalten eines Flusses, ete,” by Dr. 
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Laboratory Experiments”), “The results gave some 
= cations.”” Wherein lies this startling quality? The authors (and the writer, a 

a for that matter) have made : a serious study of the Yellow River problem, over 

8 long period of years, a 
a sions after mature consideration. — 1 Surely, to such students there can be nothing 
- strange about the result of investigations. In the first place the investigations _ 


proceeded from premises that are not comparable with those of the Yellow River, 


2. secondly (as the authors remark, see heading “Seope of Investigations: a 


There can be no question as to the fact that the more the riverisal- 
lowed to spread over a large area like that offered by the foreshores the weaker rs 
the current will become and the more silt will be deposited. — The latter cireum- i 
i stances, undoubtedly, will tend to place the main channel in | 


wete 


vill only inundated during extraordinarily high stages. Then 

; - will be only one e channel in any case. Would it not be better, therefore, to try a. Be 
— to find a solution whereby this inundation can be postponed, at least, and, in the — 
meantime, try to evolve methods that would minimize the influx of silt? — 
Ey - Researches in this direction are useful indeed, and it is gratifying to note that Bs a, 


authors did considerable in that respect. 


Under ‘ “Introduction” the authors state: “One of the real obstacles to 
progress, of course, lies in the lack of hydraulic knowledge of the river itself.” i ; 
Is this entirely true? Would ‘it not have been possible to construct certain 
Pre which, at least, would have prevented the annual breaks, notwithstanding __ 
Fe that deplorable lack of data, a shortcoming that could always have been reme- 
during the execution of protective ‘measures? beginning to pay too 
ie attention to “many of the perplexities that have shrouded the river in Ma ue 


mystery” the vision on the problem as a whole may become more or less blurred. 


What is the problem in a broad sense? In a report® on the Yellow River 
Problem submitted in 1921 to the e Ministry of the Interior, the writer dealt with © 


~ this: subject i in detail and also , gave advice as to what should be done to mitigate ei aa 
fe danger of, if not to prevent, the disastrous dike failures of the Yellow River. 3 a 4 


spt In principle, the ‘Yellow River is a watercourse, pure ‘and simple, draining — 


‘catchment- basin and, like other rivers, _ transporting detritus. Every river 

; ‘fulfills this duty in its own particular way. _ Thus, depending on the quantity ¢ of 

2 loose soil which happens to be available on the drainage : area, the steepness of 


Be se its slopes | and that of the tributaries, different rivers will | bring more or less 5% 


detritus down to the low lands and « eventually, if conditions are favorable, a as z= 


* De Ingeniour, Royal Di Dutch Inst. of Engrs., 1934, No. 33 acol 
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n river, less scour can be effected in the main channel when all the silt must be a _ 
al 
| 
— 
cannot widen itself at the cost of depth, and, consequently, energy. At 
of q an the same time it should not be forgotten that the process of silting the foreshore — i + 
| 
— 
if 
ae 
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ae as the sea. If the sepa is too gentle in the low aiid to maintain ‘the . 
ek energy required to keep the silt load in suspension, this load is dropped. De-— oe 
pending on the quantity being carried, it is either merely deposited along the — a 
= banks of the river when, during floods, the water overflows (with the ey Bs 
that natural levees are formed with gentle slopes away from the river), or it 
: also settles to a greater or lesser extent in the river channel itself. Inthe latter — 


ease, during an unusually severe freshet, the river will probably break thr — 


Be 29 one of its levees after a certain lapse of time and from then on will follow a new 
es. course in which the same cycle is repeated. This is called plainbuilding, a se 
= process which continues on and on until eventually a certain equilibrium eS 


> 


reached, whereby the slope of the plain has become sufficiently steep to enable e 
ety the river to develop a gradient that is capable of imparting to the current the 
pat energy that is required to carry all the silt as far as thesea. In the case of most 
ors Aq rivers plainbuilding is completed, or practically so, because erosion in the hills a 

oe has discontinued (or at least has diminished in intensity), or because the — ia 
a — _ topographic features of the country lend themselves to a speedy solution of pi 4 


ire Unfortunately, the Yellow River basin has neither exhausted : ite 


t 
t 
i 
( 
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Th 
: oe phase of its stabilization (a gigantic process) it would be foolish not to om 
i abide by it; or, what is still more foolish, to try to fight against it. Only if river. a a 
engineers are prepared to accept this fact as indisputable, will it be possible to Fe 
——— Sueceed i in ameliorating the conditions affecting the Yellow River problem. In  . 
oF this connection it will be well to recognize the fact that such steps will only tend a 
mitigate an state of ‘affairs; they will never be able to solve it 


River they interfered with Nature’s process of inaamuch 


* 


was to hasten the forming ofa steeper gradient which, in qreated a astronger 


= so that more silt could be transported to the sea. Furthermore, the a ; 
g ¢ river was made to run on a ridge, with the result that if Nature now asserts its 


right to continue plainbuilding the gravest consequences ensue for those stand- 
To make a Sweeping | statement, it would have been ‘infinitely | better for the # 5 
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work unhindered, or if those in the past who were entrusted with its care had 
os far- sighted enough at le least to permit the river to follow another course. 


io aa was not done, however, ‘and therefore the present generation i is faced with « 
aug _ the fact that the river runs on a ridge where it is kept in bounds between dikes 
va id "which are more or less far apart. _ Within this cramped space Nature goeson 
its process of plainbuilding i in an endeavor to establish a slope sufficiently 
ss steep to create an equilibrium between the volume of silt that must be carried, Ree | 
S as the carrying capacity of the current. It is evident, therefore, that, as 


ind the car 


long as such a not been established, narrow of a 
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Nature’ 8 right, belonged entivély’ the River) will rise higher 
until the final stage is reached. The question is, ‘When will that event occur?” 
ed Perhaps this moment might have been if: (1) The space allotted 
a to this restricted plainbuilding had been restricted still further—in other words, 
“4 if the dikes had not been so far apart; and (2) if the main channel had been ae. 
i given a fixed alignment. However, for the moment, it is probably best to leave - ei 4 
‘The river channel is left free to shift from one side to the other between the oy 
. dikes. Time after time, therefore, the dikes are exposed to a direct attack of ki 
the current; at one place or another. Inevitably, they collapse and permit the 
_ disastrous inundations in the low-lying, adjacent, great plain. The higher the 
_ ridge on which the river runs becomes, the more devastating will be the conse- 
- quences of a dike failure. Why then, one may well ask, are not better precau- 
tions taken to protect tl those dikes? In the course of many centuries the Chinese _ 
have developed clever devices for dike protection; but these are only applied in 
_ whenever a dike is actually threatened; never before. This seems illogical, but — sae 4 4 
_ it is often difficult, if not impossible, to predict the particular spot at which the Bx a 
_ dike will be attacked during a freshet season. It would be necessary in order to 
afford entire safety from flood to protect every foot of dike. It is clear that such & 
a procedure would be enormously costly; and the Chinese are not a race that — eh 
throws money away at random. Why, then, protect a dike when one is not a 
sure that it will be necessary? This system is mainly responsible for the bad ee 
-Teputation of of the Yellow River, whatever its other bad poirits may be. : 
“ The crux of the question is in dike protection; and it is quite immaterial for 2 
the moment, whether dikes should be far apart or not, which dimensions should 
be given to the channel so as to enable it to O carry & maximum he poe “4 silt, 
whether highly silt-la oe 
ete. All these are interesting problems in and, 
should receive due attention in time; but at this stage they are of no consequence. pis 
tice Since it is beyond question that the main cause of dike failures is the direct 
- attack of the river (that is, the deep-water channel) on the dike, it is obvious — a 
¥ that the e only method of preventing t those attacks is to prevent the main channel c= a 3 ; 
In the writer’s report® to the Chinese Government he explained i in detail 
_ how: this could be done. _ The method he advocated was to construct an ade 
quate system of groins and parallel works with a view to keeping the channel Boy oe 
_ in a fixed position. As a matter of fact the authors advise, in principle, a Rat's ; s 
7 similar procedure. The width that should be given to the channel is a matter se 5 
of conjecture, at least for the present. . It would be advisable, however, to 
- _ make it ample at the outset because it is far less costly to lengthen the grein, a : 
in case they should prove to be too short, than to make them shorter. Over a . on 
certain length these regulation works should not be higher than the foreshore, 
although they should slope upward slightly from the new channel alignment be ek i 
(normal lines) i in the direction of the dikes. Perhaps this will render it neces- 


«sary, at some to give them a slight elevation with to the 
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>: not necessary to extend each groin as far as the main dike; but a series of — 

=< may be grouped together by means of a dam parallel with the river, 

he - connecting the latter with only one dam across the foreshore with the dike. _ it 
ah is the writer’s firm belief that in this way the danger of breaks can be reduced | a 
tos a ‘minimum. _ the same time the kept within bounds, 


= velocity of the current and its capacity for keeping silt in suspension, te can eB 
be no doubt that a river which is free to erode its channel (or if capable of main-— 
= taining one course, widens it at the expense of serious scour) cannot possibly — 
have the same capacity for carrying a load as a channel whose width is fixed. — 
fs. _ After these structures have been built, or rather during their construction, — 
- the hydrology of the river should be studied rigorously. The writer is a fervent e 
Ps adherent of hydraulic studies and has a firm belief in the usefulness of laboratory _ 
experiments; but, at the same time, he is of the opinion that great care should be _ 
taken toi insure that the practical Pacer of the problem are not pushed into x 


” the authors describe a ote that peineides practically with that : 
of the writer.” 26 The latter differs only in minor points such a as 


_ how, to concentrate the current; but, after all, their radius of action is small af 
sssnmaneheiti the width of the river, so that it is doubtful whether shay: as are th: 
a worth worrying about. — That laboratory experiments in this connection ‘ ‘are 
es likely to repay themselves a hundred-fold,” therefore, | Seems to be a rather — eh 
strong statement. at te ahithey in we {fe Js 
_ _ There is one other item on which the writer would like to comment; namely 4 
a the question of spacing the groins. More than a century of experience in — 
_ _Holland has taught engineers that the spacing should preferably be not more _ 
s: than one and a half times their length, and even less if that length should be : 
— _ disproportionate to the width of the channel. Hydraulic laboratory experi- 
es ments conducted in 1938 supported this view. The spacing has little to do 
36 with “a more or less erosion-resisting quality of the soil,’ however. It i 
governed principally by the fact that it determines ‘boundary conditions”: 
better the spacing, the better these conditions will be, inasmuch as friction 
sas ec ihe is reduced to a minimum and no energy is wasted at the cost of loss of head ‘and | es 
bare aS other losses. If that result has been attained, the river banks are adequately fie 
a protected, whatever the quality of the soil may be. It is a well-known fact fei) 
that flow can be madé smoother by careful planning of training works and, 
although turbulence plays an important réle in keeping the heavier particle 


‘movi ing, in this particular case, ‘where: we: silt i is emia 


-Groins should be built close together in those stretches: where the new river _ 
Bi 
— ar 
‘ 
q + sof energy can occur (at least from that cause) so that, incidentally, more energy — * 
ay 
— 
( 
— 
— 
— ion, di 
been used extensively there are adherents to each mode of location, different 
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“gai yulence. 
_ Howe ever, Iaboratory tests shc should certainly | be n made i in an effort to shed n more 


Under the heading lood Control and of the Delta,” 
_ the authors have verified the writer’ 's views on the same question on the badle os 
of the interesting « data which they have collected. In fairness to Mr. van co 
Salverda,** however, it should be noted that as early as 1887 he called attention 

- to this particular item. In this connection, it may be of interest to recall the me ae “ 
P ‘fact that, acting on the advice given in Mr. van Salverda’ s report, the Chinese ~ cer 
_ Government purchased a bucket dredger i in order to clear away the siltinthe 
- channels through the delta, just as the authors now propose exactly fifty aoe a aa 
dredge arrived in the early nineties; but it foundere 


E Fae to remove. It would not be surprising if the Chinese in those days as- _ = 
_ eribed this mishap to a revenge of the river gods who were angered that 2 | 
4 deed to interfere with their work. The writer does not belong to the class of — Xs ae) 
~ higher beings who, according to the belief of the masses in China, rule the waters; ‘Se 
- neither i is he. angered about what was done; and yet he too sdoee not approve of 
the method advocated by the authors for the ae reason that it seems to him 


“like “fighting windmills. It seems that the sO admirably 


2 insignificant ‘compared with the excellent ‘Measures which they propose in 
4 the aforementioned chapters, with which the writer is entirely i in accord, fuser 
_ gyetee writer does not believe in detention basins in the hills, however. These " ise 
“must. be considered. as temporary measures only, without any lasting merit. 
2 The writer is keenly in favor of spillway basins in the plain, however, not so a 
much because they will reduce the discharges and flatten the peaks of a 
plainbuilding process with which Man has interfened is at Jeast restored 
‘tosome extent. For the same reason the writer considers the by-pass channels ar og 
E ‘mentioned by the authors to be an excellent means of ameliorating conditions. ie 
it Before ending his comments on the authors’ valuable paper the writer wishes 
P to state that he is fully convinced that if the Chinese Government could be 
Se induced to accept the theories so ably expounded by the authors, and could be ‘i : 
- made to put into practice the remedies that have been advocated, with the — 
4 least possible delay, the untold miseries, which heretofore have made the Yellow 
River the scourge of China, would cease to exist. 
a: seems regrettable that the authors have left China and thus, perhaps, lack 


res the opportunity to continue their work in connection with the fascinating 


©. 8. Janvis," M. Am. Soc. C. E. (by letter)—Many essential data 
a hitherto unavailable to the engineering profession have been presented by the 


bs authors, and they have suggested such remedial measures as seem to have most : 
SCS, Dept. of Agriculture, Washington, D. 
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practical value, according to their intimate of local pre- 

= 

: From the basic information and also from the recommendations thus alt 
ci _ sented, it appears that the most dependable and positive relief from floods — : 


would entail a combination of head- water storage and detention works, 

tensive land surface treatment for the express purpose of soil and water con- 
a ES servation, and such bank protection, flood spillways, and by- ~pass facilities as 2 
a be would best afford the needed channel capacity and stability, together with the — 


desired security for inhabitants and their properties. ‘Moreover, there is as- 


J 


a A It is interesting to note that the total Yellow River drainage area is nearly 4 
a pS twice that of the Ohio, yet its maximum estimated discharge (900 000 cu ft 
sper sec) was only about one-half of that recorded in the Ohio River (1 600 voce 
vee ew ft per sec at Paducah, Ky., in April, 1913, and 1850000 cu ft per sec ‘Bs 


AS 


Metropolis, Ill., in February, 1937). Furthermore, the Yangtzekiang rover a 
‘ea area and maximum discharges both compare fairly closely with those of the ee 
= _ The authors state (in the text preceding ‘ ‘Hydrological Considerations”) : 
er that the Wei Ho (drainage area, 56 000 sq miles) is almost as important a flood = 
: 7 ifs. and silt carrier as the Yellow River itself. Although i it is less important asa 
low-water feeder, it appears that the critical areas awaiting corrective and 
regulatory measures must be within this tributary basin; and these main flood- 
source areas: may constitute only a@ minor portion. Detention and storage 
a= AN, facilities would be capable not only of reducing damaging flood crests, but also. se 
of augmenting the low-water flow as a natural consequence. 


af ~The use of auxiliary flood channels and lateral waterways running nearly eae) 


haa ae = parallel to the river course, and supplied by controlled sluices through the em- a 


. bankments, with gateway sills set low enough to divert a portion of the bed- i : 

ae ne load as well as some of the suspended material along with the released flood 

= water, might go far toward maintaining channel capacities through the removal 44 
of bars, , or by preventing their formation. At the same time, such sluicing & . 
contribute toward ‘filling i in the depressions and undrained areas adjacent 


E. W. Lanz,** M. Am. Soc. C. E. (by letter).—Probably no enginacting 
: * project under serious consideration would do more to relieve human suffering Pt 
than the control of the Yellow River in ‘China. .In their work on this problem, 
Beh ee in the field, the authors have already ‘made t major r contributions, and this | paper, im 
a om. preserving through times of disorder the most important facts and engineer- im 
i data previously collected, may well be another major contribution 7 tee AS: 


embankments, and searching for some means of escape to the mie 


Univ. of Towa, 1 City, Towa. 
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‘ON YELLOW RIVER ‘PROBLEM 
cess of this project. mall amounts of information on the Yellow Raves are 
widely scattered through engineering literature, but in no other place can one 
- find a wealth of material at all comparable with that presented by the authors. — Ke 
The Yellow River i is ‘not only : a stream of water, but it is also a stream of f 
measure 
espect—the same thing is is true ue of rivers. ‘The writer believes that a a 
. great deal of trouble will occur in the future because sufficient provision has 
not been made i ina number of ‘engineering projects for the flow of sediment as ae / 
lin that the 
2 quantity of sediment darried i is so great that the necessity of a consideration of pts 
it is more readily apparent. zi In some other streams the action will be thesame aD a 


many bas beot Jo BIL IVE SHS to 


he comprehensive solution for the flood problem of the Yellow River, there- ak 


from that of the ‘sediment stream. From the practical standpoint, the best 

_ plan may be to ) undertake first only ‘the control of the water stream, sincesucha __ 
procedure may give the greatest return on the » money which can be raised i in the 


2 early years for carrying out the project; but i in n order to select the best plan itis — 


porarily neglecting the control of the sediment. Some of these 


- may r not be readily apparent without a careful study of the control of the sedi- 
s ment stream, but may prove to be so great that an apparently satisfactory — 
s solution from the limited viewpoint may turn out to be much less desirable 


than one which, without considering the sediment aspects, appears relatively 


In order to appraise correctly the problems due to the sediment stream, it 
is necessary that the laws governing the transportation of sediment be known. 
Unfortunately knowledge of these laws is very imperfect. However, rapid 
"eens is being made in this field, and it is confidently believed that ‘before 
long it will be possible to handle problems of sediment quantitatively as en- 
: gineers now handle those of water. At least approximate solutions of bed-load p22 
problems have been available for some time, and ‘quantitative ‘solutions: 


load relations are being ‘developed. One of the greatest needs for 


* 


ee Iti is | probable that the difficulties of controlling the sediment will 


TY 


even n greater than those of controlling the water, and the need for a rn es of “ om 
a the laws governing sediment will be as essential to a proper solution as a knowl- ba 


paper i indicate that its flood problem probably ould be axbaic an comparative 


a ease by retarding basins. Because ‘of the extremely short duration of the flood 
peak, the conditions are unusually favorable to retarding basin control. The 


presence of the heavy sediment load, however, seriously complicates the situ 
tion, and in any flood-control plan it must be given most serious consideration. a 
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‘a 


at ne aii shown by the profile given by Colonel Dent, there is a distinct aii ‘ 


=f ing of the gradient of the river where it leaves the gorge section at Mengtsin 5: 


4 . 4 = a and starts across the plain. This point is just below the region in which the _ 
promising storage site appears to be located . The slope in the bottom 
_ ae _- of the reservoirs would be over six times that just below Mengtsin. As the me 
writer has explained previously,” the water flowing across the sediment de- 
posited in the bed of the flood-control basin would pick up a much greaterload 
sediment than it could carry across the plain, and therefore extensive deposit 
z a ee rs would take place down stream from the reservoirs, where the slope i is flatter. 
. Zz ee This deposit would fill up the bed of the stream and might raise the elevation on 
4 i ve sufficiently to cause the overtopping of the levees. The possibility of such — 


a action should justify ¢ a thorough study of this point before a final decision on 
ec i eA retarding basins is made. The existing bed is the product « of the filling and 
scouring of the river with its present sediment load, and any conditions, such 4 
as the construction of the retarding basin, which would add | materially at ne 
a frequent intervals to the sediment load, w ould. probably cause an increase in : i 
Ss the average level of the river-bed. The raising and lowering of the bed levels — 
* mentioned i in the paper are believed to be a demonstration of the consitivenas 
a , of the river to changes in the character ¢ or amount of the sediment load. ila 
The authors have presented a very complete discussion of the Yellow 
e bi problem from | the standpoint of the water stream, but further consideration — 
ioe might be given to the problem from the ‘standpoint of the sediment stream. 
= _ Viewing the situation broadly, it seems that the sediment load of the Yellow | 
a River must be handled i in one or more of the following three ways: (1) It may 
va be reduced by keeping the soil in place o on the land by erosion-control methods; 
(2) it can be carried out to sea and deposited on the sea bottom; and (3) it may ms 
be stored on the land surface by taking it out of the river. — Probably the best 
solution will be a combination of the three methods. 
ioe In a paper entitled ‘‘Soil Erosion and River Regulation with Special Refer- i 
abe ence to the Yellow } River 7° M Mr. Eliassen has discussed at some length the “af 
possibilities of reducing the sediment load of the Yellow River by soil- -conserva-— Z 
tion methods. Based on the cheap labor conditions existing in China and the 


: 

3 * knowledge gained in soil- control engineering in the United States, it seems iy 


: 


x probable that at least part of the 8 eeslmest load should be taken care of i in this — a 
7 of | flood control but also of in- c 
creased food supply which could probably be produced by the vegetal cover 
eveloped i in the erosion- -control process. While erosion control has no doubt 
een practiced in the past as a means of conserving agricultural land, its value hag 
as a flood-control measure has not been considered, and if financial support were ~ $s 


q ven to the work because of the flood- -control benefit it is possible that an 3s 
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ae volume of sediment from its bed and carry it to the Ait thus enlarging the 4 


river channel, and eventually solving the flood problem. Itis improbable that 
anything approaching complete erosion control will be practicable, but some- 
a 2 Journal, Assoc. of Chinese and American Engrs., Vol. XVIII, March-April, 1937, > + 
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ON YELLOW RIVER PROBLEM 


The second method, by carrying the sediment to the sea, will no doubt bea 
part of any flood-control plan. As long as the Yellow River flows over a bed 
of fine material it will not be feasible to prevent it from carrying a large load out _ 
to sea. _ Although this disposition does bring i in some serious problems, as the ie 
“them have pointed out, these difficulties are probably less than those of the 


third method, , and, therefore, deposition i in the sea should be encouraged as for 
as possible. Since the fall of the river in crossing the plain cannot be materially — es aa 
- inereased without raising the level at the western side of the plain much higher 
that it is now, it is probable that, aside from maintaining the levees intact and 
possibly regulating the channel across the plain to keep it deep and straight, a “a 
- little can be done to increase the ability « of the river to transport sediment. PRs — 
Tf this is the case, the amount that can be carried out to sea under the most 
favorable conditions will be considerably less than that now brought into the £ 

: plains section by the river, and d unless a a major reduction i in a volume can be be a ; 
by soil- conservation methods, any long-time plan for Yellow River flood control 


~ must include provision for controlled sediment storage. In other words, a 


Fe complete ¢ control of the floods, if more sediment enters the plains s section of the 


_ river than can be carried out to sea, the excess must be stored by some controlled 
method. The excess now exists ma 


"There can be little doubt that in the past st the flow of las bas the river at 4 


- the western side of the plain has materially exceeded that which passed out of 
‘ mouth at the ‘east side, and therefore that ger ‘were large quantities of 


Yellow River and therefore at a lower level. flow through the 
“breach i in the dikes entered t this low-level stream, 8 and the bed. of the © Yellow 
iver above the break was cut back, lowering the bed materially. - Since 7 


‘filled considerably, and, as stated by the authors, an adjustment i is still taking 
: ‘Place i in the v . vicinity of the break. “i ‘In this process tremendous quantities of 
‘a sediment have been deposited, which accounts for part of the excess of sediment oe 
inflow over outflow in the plains section, as previously mentioned. 
Another part of this excess has been deposit ted on the Jand by the ae ; 
_ through the breaks in the dikes. When such breaks occur, the heavily silt- 


laden water er flows 0 over the land i and deposits t tremendous quantities o of f sediment. * 


7! Tny some cases the flow returns again to the Yellow River in a comparatively _ 


— clear condition and goes on out tosea. In other cases it goes overland to some — a Be 4 
_ other stream leading to the sea, ., but in neither event a a large part of its sediment i is ae io 


— 
: 
_ 
= 
7 
— 
5 course in 1851, the meager accounts available indicate that the new course to — . 
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=e ‘Unless the inflow of sediment atthe western side of the plain can be made 3 
= — equal | that flowing into the sea at the eastern side, a levee system alone will an. F: 


be a ‘permanent solution for the Yellow River floods, since the s sediment — 


ay s flood levels until so great a height is reached that levee construction hear be 
very expensive and insecure. In this condition, if a break occurs, the elevation 
: Ke be. _ of the river-bed will be so much higher than the land that the water cannot be es 
a Re forced back into the channel. The raising of the bed will i increase slightly the Fe 
: cae, amount of sediment which can be carried out to sea, but since a 5% i increase — 2 
eee * in slope would raise the river level about 15 ft at the western side of the plain, . | 
‘no great increase in average slope ¢ can be attained without raising the r river at a ; 
point to unsafe level, 
oe Since it seems unlikely that in the | plains section of the river the combination 3 
“i of f reduction i in sediment inflow by soil cons nservation and the i increase in sediment _ 
P outflow can reduce the excess of inflow over outflow to zero, some form of con- 
a trolled sediment storage must form a part of any permanent plan { for the endl 
— of the Yellow River floods. $i. If this is the case, ‘such storage will have to be car- : 
= ried on continuously and sooner or later the basins for the deposit of-the sedi- fe 


will be filled. It appears, therefore, that no set of works can in themselves 


yes 


», 


Re be a complete s solution of the flood- control pr problem, but sooner or later other _ 


ae works will have to be constructed and the control of the Yellow River will — 
therefore be a continuing process of construction work, -Boutas 
rs. Another r reason why continuous work will be | necessary is that as the ome 4 . 
ment continues to be carried out to sea, the mouth of the river will move out- 
ward, as explained by the authors. The river levees, therefore, will have to <a 
e extended seaward and those now near the sea will have to be raised. Although x 
this process will no doubt be slow, it seems to be inevitable. In considering the 
_ best plan for r controlling Yellow River ‘floods, therefore, it should be realized that 
no solution will entirely eliminate the necessity off ture and there- 
fore works which are obviously not a permanent solution should be considered se ie 
along with those which may appear ti to be, but i in ‘reality are not, ‘permanent 
‘solutions. When one considers the necessity of controlled sediment storage in 
any plan for permanent flood control, with the consequent expense and diffi- og 


due to opposition of land owners, t the of soil 


artificially storing the soil after it has reached the river, 


ie foregoing statements must not be construed as showing that better 


.. levees should not be built along the Yellow Ri River or that those now in existence 
a should not be maintained. The damage caused by a , levee break is so great 4 
hy that better levees might pay for themselves long before they became inadequate. 
i — may not b be possible for some years in the future to finance the works neces- 
ie for complete control. What the writer wishes to emphasize is that ‘even- 
a) tually sediment storage will probably be necessary, and that the best i 
plan c of action is more likely to be found both for the immediate future a and for 


cathe distant times if all the factors are considered. is, every effort 
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3 
= problem. — in In the writer’s opinion this would include the collection of moredata 

on the composition and concentration of the sediment carried by the river and — = . 

- its tributaries and a better working out of the laws governing sediment trans- 4 ae ay a 
"Sediment: storage for the improvement of streams is no new thing i in China. ie: 2 oa 

On the Yung Ting Ho above Tientsin there is a large area in which silt has been — Pan ae 
depositing for many years and which has permitted the Hai Ho from Tientsin _ a 
2 to the sea to maintain a navigable channel. The writer has not been able to — 3 he 

- find any statements as to when this sediment-storage basin was constructed and . ig 

whether or not it was built with that function in view, but in any event.it has #: - 

_ served very well for this purpose until recent years when it has become so fall ‘ 
that it is no longer effective and the channel of the Hai River has been badly %. = 
4 "deteriorated. . To replace this sediment-storage basin a new one has been con- 
structed and, it is understood, is now functioning satisfactorily. ET 
"Three ‘pelnetpel plans for controlled storage of sediment might be developed: fe 
@ Storage i in reservoirs west of the plain, (b) storage in basing along the river res 
in the plain, and (c) storage at the ' west side of the plain. ‘The authors have 4 

"mentioned good sites for reservoirs in the section between the Peiping-Hankow = 

4 Railway ‘and the mouth of ‘Wei Ho, and also in the vicinity of the Hu Kou Falls. : « a 
Sediment storage could probably | be obtained at reasonable cost at these sites. 
As ' stated before, the reservoirs would undoubtedly fill rapidly and eventiially 
wr would be required. In the early stages of filling ‘they would 
serve ve admirably for retarding basins and would have a dual purpose—the reser-— 
a voirs could be used for the generation « of water power and in the e early stages of — 
filling would have available considerable storage and pondage space. As iy Aa 
_ became f filled, however, the power generating plants would have: to be operated = 
. on a run-of-river basis. . Thus the reservoirs might be used either for combined _ 
3 retarding basin and silt storage, with the retarding ability eventually being lost, 
or as combined water power and sediment storage, with part of the water power 
; - benefits eventually b being lost. Since the \ vicinity of these basins is well supplied — a 
_ with coal, it would seem that the combination of sediment storage with retard- x 
% ing basin action would probably be the best - The use o of these basins as deten- 
iE tion basins would also permit their use for flushing out the river down stream by , Bo 
storing clear water it with hes ved flows 


> 


: _ high enough to permit o overflow of the land | along the stream. . By building a 
- pair of dikes parallel to and outside of the | present ones (where secondary dikes 
i are not already in existence), with cross-dikes connecting the outside and inside 2 
_ dikes at intervals, a series of basins could be formed i inw which the water could — aa an 
belet in at the upper -end through. sluice-ways a and the desilted water let out at 
the lower end. Sucha scheme would build up the land one the river er banks — - 
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: 
= 
| 

2 
ee 
is 
etermined areas 1 the niain section mng foods when the watar aval urac 
Ly 
— 
— 
at the lower end of these basins, upon flowing back to the river, would 
— 


LANE ON YELLOW RIVER 


desilting basin would be disadvantage of this form o 
sediment storage is the damage resulting from taking so large an area of =a 
out of cultivation or the periodical | destruction of the crops which would occur . 
= if this land was 3 cultivated, s since the Yellow River floods come during the g grow-— 
ing season. This plan could be put into operation only under a strong central 
- government and would no doubt meet with a great. deal of opposition | from the — 


present owners of the land included in these storage basins. hi 
Athird plan for storage of the surplus sediment would be to construct basins 
res a ime where the river emerges from the hills, causing the river to form a sort of debris 


‘cone by spreading it out over the plain i in this vicinity under controlled condi- — 

tions. This plan would have the same disadvantages as that previously de- = 

seribed but might be cheaper. — This form of sediment storage might | be com- :s 


bined with retarding basins, the sediment carried out from the retarding basins F 
is the floods being desposited under controlled conditions on the plain. © All 


no form of flood protection | for the Yellow River seems feasible which can be 
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. 37.—COMPARISON OF SEDIMENTS, YELLOW AND RIVERS 


eas ie The jaaaien' have presented a a large amount of data ‘on the silt load of the : 
Yellow River, but no data have been given on the size of the particles of which _ 
- this silt was composed. The writer understands that analyses of numerous silt ' 


samples shave been ma made ee the authors, but that the data are > inaccessible 


up a load of : large the 
= capacity of the river channel. ‘The amount of material picked up, however, ‘A e | 
would probably be materially less than that deposited, since the former material 

j wa oe would average much coarser than the latter. The construction of the second __ | 
evstem would he a considerahle exnense although it would not havetoho _ { 
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ea Mengtsin carries a certain amount of quite coarse material, as shown by the fact E oi % 


of war. It would a if this information should 
be permanently lost, since sedimentation n investigations are showing conclu- ch 
Et _ sively that a knowledge of the particle size or settling rate is essential in studying =. ee 
5 og _ Very little information on the size of sediment in the Yellow River is avail 
4 able, but three curves showing the compositions of Yellow River sediment are = Pa 
_ shown in Fig. 37, the data being taken from “Die Rigelung des Hwangho,” eS 
Tu. The left- hand curve, for material at Kaifeng, is probably typical of 
‘jspended material i in the river. The remaining curves give analyses of a 


material of a number of the rivers in the United States. finest of these 


diagram strikingly illustrates the “difference in character of the 


Yellow River sediment and that found in the of this “The 


& comparison of bed material shows that the average of a sample from the — : 

_ Yellow River was about one-fifth the size of the Colorado River bed material, __ 

x one-seventh that of the Mississippi at its mouth, and from one-sixteenth to ee. 

y  one- twenty-seventh that of the various other rivers for which data were given. ie 
os It seems obvious that the reason why the Yellow River can carry such heavy — : oa 

| bs loads of sediment is that the material carried is so extremely fine. These 

_ samples were taken in the plain section of the river, but the gorge section above 

: that this was sufficiently large to break the glass bottles used in the sampling Be 
hw and metal bottles had to be substituted. This coarse material ap- oe 
parently settles out in the vicinity of Mengtsin in a sort of debris c cone and does ey 


not reach the plains section of the river. hay ay, situ Ot 


Groner, Hicors Am. Soc. 


te entire length of that part of the river in which the flow is above the level of — 
adjacent country shall have its banks constructed to act as spillways. 


This means a spillway, on the left bank about 465 miles long, and one on the ~ 3 ‘ 


- right bank about 450 miles long. These are re nse the lengths of the 4 
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: = dikes or levees already constructed. It is suggested that, in general, a shallow 
Sale flow of flood waters over the adjacent country on both sides of the river would — es 
a benefit the land, which sometimes suffers from drought, and would enrich it es 
here with the silt derived from the uplands. © Not only that, but the relief from high 
. a flood conditions which the r river would expe experience in consequence of the diver- 


of concentrated flood waters which now sometimes break through the 
Ow In effect, the p proposal i is to follow Nature’s s procedure. _ Heavy rains wash Tee 
- material from the hill country into the valleys where much of the mixture of eo 
solids and liquid is carried along. Sooner or later, heavier particles will ill settle 
_ on the stream beds, raising them; and, when these beds are high enough and the aan 
banks low enough, overflow will occur. Generally such overflow is accom- ~- 
panied | by « deposition of silt on the land adjacent to the ‘stream, heavier and ue 
coarser particles lodging. close to the stream, the finer being carried on. 
he accounts for the form which cross-sections present—gradual surface slopes 


$i falling away from the relatively higher river ba banks. 3 Rivers i in all ‘parts of of the a 
— the other hand, if it is attempted to confine flood flows to a definite — * 
i channel by erecting artificial banks, the bed will continue to rise in consequence y 
a the subsidence of the heavier particles which the water is carrying forward— * 
this is the ultimate result even if, at times, the action of the current may be a - 
- scouring one. _ One of of the most notable examples of this effect is furnished iby 
the Po River in Italy, whose banks have had to be raised several times to keep | 4 
pace with the higher water level due to the raising of the river-bed. _ About ‘ 


break through (as they have done, unfortunately), the are disastrous. 
_“China’s Sorrow,” the Yellow River, carries an enormously greater pro- 
: : e portion of sediment than the Po, and the fac fact that much of this sediment is * . 
Zz a fs. deposited on the river-bed as a result of floods is well known. Were it not that 


oe the artificial banks have frequently broken through, the rate at which the bed F 


> ae: i would be still more rapid. What will happen if the levees are made un- 
- - _ breakable? The channel will fill up, and, if the banks are raised higher, the _ 
ime 4 4 channel filling will continue. . Terrible as the: results of bank fracture have been RS 
= in the past, they will be worse if still higher banks break through. In any case, - 
there must be a limit to this bank building. 
am The simpler plan seems to be to strengthen the r river "s natural banks so as Fe 


os to make them suitable to act as spillways, and to let the river deposit silt on oe 


a them and’ outside them: at at its natural slope—probably not steeper than 6 in. ey, 
i to the mile. Toa great extent, the river itself will raise its own banks as well — 


io asits bed. Man may help, here, to direct the natural action: By strengthening 
_ the natural | banks; by raising them in places so as to keep the f flow over the 
iy crests apenoaienabele uniform in depth; by checking any tendency for ‘the flow oe 
over the country’s | 8 surface to concentrate itself in depressions and cause scour pat 
a there; by building ; groins or other means for deflecting the river’s current away a 
: 
_ from the bank which it may tend to undermine; by encouraging the growth of 
De vegetation on the loess and other surfaces from which the allt i is ) der rived; by 
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“TODD AND ELIASSEN ON YELLOW RIVER P PROBLEM 
Such details as the raising for the of live 
+ aah during the month or two that the shallow flooded conditions 1 may last may 
be left to the resourceful people who remarkable skill and 
at In the writer’s opinion, the existing levees should be removed. If they | 
emained, they would only obstruct the even flow of silt-laden water over the _ 
es surface of the country; and | this flow is desired. . The material in the levees" 
would be useful, in places, for the s strengthening of the river banks, thus enabling é 
= to act as spillways, and also for forming groins or training-walls i in } the 
for the height of the banks, which would become spillway the 
ia Pers suggests taking present bank levels, where they have not been altered. a 


as a guide at the outset. Absolute uniformity of depth flowing over 
the crests will be - unattainable. _ Local falls of rain would prevent such uni- j 
ye waves,” as they do. Moreover, every large flood has 


River flows. shattering due to this cause will be much less serious swith 
river banks of indefinite width than narrow banks formed ‘by levees. 


- Toe j jams may be expected to oceur in the future, as in the past, and the con- — 


Sequent “heaping up” of water locally will have to be accepted. 


Ing common with all irrigation systems, there is a . possibility of the irrigated 
becoming alkaline, necesnitating drainage, is not a simple matter in 
country so nearly level such 
"probably m many others, will have to be faced. ir “The : aim must be 


_ The growth of the delta | has oc ccasioned anxiety to many engineers v who have i, 
“studied the Yellow River problem. This growth would be greatly lessened if 


as. Allowing Nature to 
+ processes should not lead to conditions inferior to those existing before 
2 Man interfered. % In any case, even if it were possible to form and maintain a 7 ss sy 
channel between levees which w ill not overflow, it will not be possible to dis- 
3 charge all the silt into the ocean. ee certain quantity will be deposited on the wy 
river- bed, making it necessary ‘to raise the levees s frequently. > Where would 
that: end? It would create a channel on top of a steep embankment, rising Pe 


higher and higher as time goes on! There is no satisfactory end to this process. 


J. Topp,” M. Am. Soc. C. E., anv 8. ELIassen,® Assoc. M. Am. Soc. 
7 CG E. (by letter) Since this paper was written, in 1938, there has been a 
"marked change in the lower course of the Yellow River which is no longer fk: 


a _ Cons. «hin Pele Alto, Calif.; formerly, Cons. Engr. to the Yellow River Comm. and Shantung 
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Ee flowing in the diked channel —_— of the Shantung Mountains, but across the — 
plains to the southeastward from a point nearly 40 miles west of Kaifeng. - It 
joined the Huai River and, together with that river, empties into Hungtze_ 
Lake east of the Tientsin- Pukow Railway in Kiangsu Province and from there, see 
_ via several channels, into the Yellow Sea. Some of the flow follows the course x 
- of the Grand Canal to the Yangtzekiang 700 miles south of the 1937 outlet of 2 
the Yellow River on the Gulf of Chihli, ry 
‘This latest great change of course reminds observers of the , consequences or 
of a “back to Nature”’ program. fg human beings are going to live and | carry £3 
on their daily activities in this fertile re region, the Yellow River must be held to ce 
a channel that is as stable as possible. The inhabitants must have a sense of _ 
if they are to live i in peace and build permanent } homes. 


_ motor roads, and canals must all be made secure against serious flood attacks. 
a section of the Lunghai Railway has already been buried in silt since the dike 


eres June, 1938. It will n ot be long u until sections of the Tientsin-Pukow ; 
Railway i in Kiangsu will be similarly threatened. A river which, annually, can 


_ fill an area of 300 sq miles with silt to a depth of 5 ft must not be permitted to 
go ‘uncontrolled across a fertile r plain where the aver: average \ge population density is 
ai - ‘The question may be raised as to which of the two general routes should be 
a as the regulated course of the | river—the one north of the Shantung — 
ss =! Mountains to the Gulf of Chihli, or the one south of these mountains to the 
Yellow Sea. _ Both from ‘technical and social- economic considerations the 


northern course is decidedly preferable. . The distance to the sea is shorter and 


soil-erosion control of the inland areas. Also, the northern route has no com- ay 


; =f plications with other river systems such as would be found along any southern — 
ae route tl that might be selected. ‘The northern route i is flanked on the south for Ta 


: cf will remain shorter for the next two centuries even if nothing i is done by way of 


distance of 90 miles by the foothills | of the Shantung Mountains, ‘making or one 
- dike unnecessary in that region; and, since a dike system exists which can be “ied 
. utilized, in part, in a permanent plan of control, it will obviously be less costly ae 
aan regulate the northern course (of 1851 to 1938) than any southern | course, as: 
including t that being followed since the summer of 1938. The latter would “g i 
require a & new diking system with costly regulating works to . control the floods < 
of the rivers draining the southern slopes of the Shantung Mountains, as well — 
as the floods of the Huai River. Since these Trivers have serious flood problems 
of their own, flood control would be | complicated by. routing the Yellow River 
that way. The Huai River is at difficult to handle in time of high — 
. Ve The fact that the Yellow River aii been so altered i in its course since the 
preparation of this paper does not mean that the problem of control is essen- — 
tially different from that outlined by the writers. The present (1939) course 


is the river is likely a temporary one, although it might be maintained to ad- a 


y the writers. 
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| Much of this work could be 
4 d the river then diverted back it 
a | the new (since 1938) course. 
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‘marshes along the old and former diked and thus convert 
. these areas into good, arable land. This is quite feasible and desirable. “The a 


_ areas are small, however, and confined to narrow strips of land just outside the — 


dikes. — During the decade 1929 to 1939, a number of siphons were constructed © 
q for the pumpose of drawing silty water! from the Yellow River in order to irrigate, a 


é Fe need careful watching i in order to avoid drawing in fine sand which may suddenly 
appear at the surface of the river, due either to small freshets or to the throwing Z 


ruined by careless operation of such s siphons. success thus far 
i is been obtained along the lower course in Shantung. Several siphons installed = se 
in 1936 near Kaifeng had not been in operation long enough to warrant any re- 
a marks as to their merits when the war broke out, preventing further experiments. ia 
aya However, it is the larger aspect of broad-flooding wide areas during floods — si 


in order to control the silt that is of major interest. It involves the met A . 
> a a population estimated at 200 000 foom an area of 400 sq miles, every 8 or ped 


silt deposition and drainage of the desilted water. ‘The feasibility ¢ of such 
4 a plan depends very much on the ability of the Government to relocate and 
raise many towns and villages, giving each suitable protection. Since this 

process would be continuous and accompanied by constant difficulties with 
me a _ the population, the writers have hesitated to urge the adoption of such methods. . 
4 ‘esl Colonel Dent’s analysis of the silt inflow, deposition, and outflow for the 
_ Shanchow- Chinchang reach is interesting. However, if there is an excess of i 
_ silt leaving a reach during a certain period, it is not certain that this excess ee. 
due chiefly to tributary inflow. A considerable portion may have been. eroded 
; wl ‘The writers agree that for the reach from Shanchow to Mengtsin there will © oy 
4 es not be much difference in the silt inflow a and outflow and that whatever ne 
ence there is will be due to tributary inflow; but for the reach from Mewin 
to Chinchang the case is different. both deposition and erosion 
x going on at a rapid rate, especially during the flood season. The net result is me: a. 
a. slow but steady rise of the bed and foreshores. Referring to Tables 7 and 8, es - of 
a it will be seen that for the two 3 years 1934 and 1935 the following volumes a a 


—or, 82000 000 cu yd. From silt records of the Lo Ho and Chin Ho for 3 Fe 
1935 (incomplete the low-water season), it has been computed that 
two: rivers rs carried the (ine cubic feet): 


_ 325 000 000 280 000 000 
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into account other small streams which brought silt into the reach, 

. = = ‘may say that as much as 150000000 cu yd of silt entered the ‘Shanchow- _ 
ees - Chinchang reach from tributaries during the 2-yr period, 1934-1935. Hence, ee 
68 000 000 cu yd of silt seem to have been deposited between Shanchow 
ug Mengtsin due to the steep slope. This: differs considerably from the value 
of 500 000 000 cu yd computed by Colonel Dent. Unfortunately, he did not 18 
the Lo Ho and Chin Ho data to guide his judgment. 
ee Colonel Dent finds it difficult to reconcile the 52 000 000 000 cu ft of silt 
eS entering the diked section at Chinchang in 1934 (and a similar amount in 1935) pe 3 
4 . with the estimated 22 000 000 000 cu ft passing Litsin at the head of the delta 
ee under a regulated condition. Both 1934 and 1935 must be regarded as more bik 
than average flow and silt years, however. The yearly average silt volume s 


passing Chinchang has been estimated by the Yellow River Commission at 

-. 35 000 000 000 cu ft. Furthermore, the average value of 22 000 000 000 cu “es € 

passing Litsin was based on the Shantung settling basins being in operation; : ca 

=m but it is ; quite possible that the silt volume reaching the delta every year may po4 
a be greater than 22 000 000 000 cu ft. If this proves to be the case, the lower — = 
= ourse will likely deteriorate more rapidly than estimated. The aim of the " af 
a ae regulation must be to attempt as nearly as possible to bring a silt quantity to oY =: 
a bao sea which will bear such a relation to the silt deposition up stream that neither & ¢ 
q ee _ the one nor the other deposition will be out of step and thus unduly accelerate — os ( 
the superelevation of the river’s course along that reach. 
Jith regard to the former rise of the river-bed across the plain, the writers 

figure by Mr. Freeman referred to by Colonel Dent. this value t 
Bet! oe been based on the plain outside the dikes as reference; but, obviously, since the ee a. 


a: Ee 1 plain also has had silt deposited on it, the actual rise, with reference to a fixed - 
eo Bs: a plane, must be greater. If, as has been stated, the average yearly silt inflow on 
1 3 wpe at Chinchang has been 35 000 000 000 cu ft and the outflow into the delta — 4 
' ‘ae 18 000 000 000 cu ft, 20 000 000 000 cu ft per yr have been left behind song 
fe Pe the diked channel, and on the plain, as a result of dike breaks. The entire - S 
7 ‘river channel has thus Tisen with the plain, but also slowly above the ‘Tising = e, 
< Assuming that 70% of the silt that has been left t behind ‘nus been deposited — A. 
in the up-stream 2 200 miles of the river’s lower course (in the channel and on ee 
vag ‘the e plain), there will have been deposited i in 100 yr about 1 400 000 000 000° hp a 
= ft of silt in this locality. From personal investigation the writers know that sf =" 
_ practically all of the silt that flows out on | to this plain through dike breaks a 
iden deposited within 30 miles of the dike lines. . A section through the 
deposition normal to the river’s course will have approximately the form of a 
on the top being the distance between dikes and taken as 5 miles and age 
apa the base as 65 miles. Deducting 85 000 000 000 cu ft for the 3-ft rise of the : 
channel over this 200-mile stretch leaves 1 315 000 000 000 cu ft of silt publ ad 
within this section whose height is computed at approximately 6.7 ft. _ Adding — 4 
to this of 3 ft 000 a ina nearly | 10 ft 
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with reference toa fixed plane. . As the deposition is not regularly dis distributed | = 
- glong the river’s course, there will be some variation from this average depth. | 

It is generally during super-floods, such as in 1933, that vast quantities of Si 

‘¢ silt become deposited onthe plain. | During that flood alone from 60 000 000 000 

to 80 000 000 000 cu ft of silt must have found its way to the plain. Following» 


- the break near Tungchuang in 1935, the silt volume deposited on the plain was _ 


Pe estimated at 15000000000 cu ft. Added to another large quantity —— A 


escaped through breaks at Kuantai the same year, probably as much a 
20 000 000 000 cu ft of silt was deposited on the plain outside the dikes in 1935. — a 


In 1934, through the Kuantai breach, another 15 000 000 000 cu ft of silt 


reached the plain. During these three years alone, from 90 000 000 000 to ae 
1000 000 000 000 « cu ft of ‘silt must have ‘been 2 added to the deposits on the plain. 
a If the calculation for the rise of the plain and the river channel is further pa ae 
examined, it will be found that only 20% of the volume left behind appears to ae 
be deposited between the dikes, and the remaining 80% is deposited on the ‘“s aaa 
_ plain outside. In view of the foregoing estimates of silt volumes which are a 
_ known to have flowed out on to the plain, this is nota ‘surprising deduction. x . 
: It is an approximate calculation, but the result cannot be materially altered — ie a 
even if the dike distance and the deposition limit away from the dike lines are _ ‘ 
changed 25% either way. It me means that approximately 3 000 000 000 cu ft ae oe” 
_ of silt are deposited along the river channel between the dikes every year, and ae 
7 this quantity is a measure for the efficiency of the river channel, as it has existed a 
Colonel Dent asks what will happen if the dike distance is narrowed 
"the dikes strengthened so as tor make breaks improbable. - Until river- laboratory — vam 
a research work has been conducted to. clarify the river’s silt action for wide and 
narrow dike distances, and for different widths of channel under various con- 
ditions of discharge, the writers are not prepared to make any definitestatement 
f opinion. It does not seem reasonable, however, to expect a deterioration —_ 
in the river’s capacity to transport silt if the channel is regulated and the dike 


distance is adjusted 80 as to, give the — transporting g efficiency for silt. 


deposited on the plain outside the dikes), the writers have recommended — 
settling basins in Western. Shantung, and they have also strongly advocated 
_ soil-erosion control measures in the up-stream loess areas in order to reduce, ee ¥ 
gradually, the silt masses in the river’s flow. They re realize, however, as sug- Cae - 
: _ gested by Colonel Dent and Professor Lane, that it may be necessary to have poss = 
i another silt-depositing basin along the up-stream reaches of the river’s diked © ine 
course to be used until the up-stream soil-erosion control program becomes 
4 effective. They do not believe, however, that it would be wise, at the outset, a ie 
% © advocate a system of controlled d silt-depositing reservoirs on the plain, as’ ae ; 
tt his would be likely to stir up strong opposition that would be very dificultto => 
_ Overcome. It could only be done in case the soil-erosion control should prove x 
an absolute failure, and after the delta has advanced so far as to threaten a ae si 
the entire lower course untenable. “There are social “aspects to the 


ris 
= 
| 
| = 
= 
| 
a 
q 


Colonel Dent wishes a silt- suiaiaiats reservoir west of Tungchuang ma inly 
for the purpose of getting rid of the coarser silt particles so that the river channel 
- stream, where the slope i is flatter, will be able to convey the silt. _ Theo- ‘ 


river. The land is low and unproductive at this and the pe 

= not dense; but costly construction works are required. So very important is 4 > 

the problem of taking care of excess silt that further studies, both in the field 4 
— the seem necessary for a satisfactory solution. 


the opinion is that there 1 may bea danger of plugging 
= te freshet if the flow is exceptionally silt laden. The high elevation of the old 
ue channel prior to 1851, east of Hsiichow, where Mr. Chatley has had occasion A 
a ie observe it, is probably not due to any plugging after the occurrence of the ; 

1851 batech:- Most likely it is due to the same prolonged silt action that has 
= building up the channels in which the river has been flowing. When a 


By & breach occurs, the abandoned channel quickly tends to become choked at that — 


‘flow. This was especially noticeable after the Tung- 
Eres breach in 1935. Three months after the break occurred at this point & 
there was almost no flow passing down the abandoned river channel. Cross- 


sections showed that 15 miles below the break the bed of the channel had = 


a One of the writers has had an opportunity to investigate the probable maximum 
Eas. dis charge of the Yangtzekiang -_ below Ichang ond has found that it is 


i stretches of that river do not are a higher discharge i is the existence of =. 
two enormous lakes, Tungting an and Poyang, which act as regulators forthe 
- Yangtzekiang. Usually, when the flood is heavy from the up-stream regions, = 
i there are also dike breaks which further aid in regulating the flow. Another pe 
a ny a moderating factor is found in the fact that the tributaries to these lakes a are 
oes in flood late in June, whereas, the most serious floods from the main upp 
late July or August. 
‘ay 
the German land surveys have positions close to the coast 
ms - io - in that region. These surveys have been checked by the more precise surveys — 
made by the Yellow River Commission. Positions of the more important Be 
= villages have bee been compared 4 and found to agree reasonably well, especially i ae 
Tatitude. The writers believe, that the estimate they have made of 


TODD AND ELIASSEN ON YELLOW RIVER PROBLEM 

.- comments on the discussion by Professor Lane and merely wish to state here a 
: th west of Tungchuang the natural conditions for silt deposition are not so 

favorable as east of that place. The: silt-settling basins proposed by the writers 
: Be are so located as to require little construction work to create them and to bring és i 
4 a "aie clarified flow back to the river. A deposition basin, however, is possible a 

tm 

_ tis Mr. Chatley questions the value of 2 500 000 cu ft per sec as a probable i i 
— 4 

| 


OV 


impossible for them to devote any considerable pene of the paper to a 
discussion of former writings, however interesting this might have been. 


be found. _ The writers wrote entirely from their own knowledge a: and experience 
with the river itself and only referred to such works : as, to them, seemed of 
‘ sufficient — to be of distinct valuei in adding to the hydraulic knowledge 


‘ contribution toward improving the knowledge of the Yellow Riv er in spite of 


those which eminent engineers such as Freeman and Franzius from 
their narrowing in of the dike distance and river channel, then it must be ae ; 

that the experimental results gave “some startling indications. Pid 

Mr. van 1 der Veen is correct in urging better dikes and better dike p protection ie P 

for the immediate future, pending a complete solution of the Yellow River — 


problem. This is one of the practical aspects of the situation wherein all 


western engineers conversant with it agree. In fact, the inadequacy of the 
be dike system, its low factor of safety in many places, and its haphazard location; 

‘a has brought adverse criticism from nearly every investigator who has had the - el 
opportunity of making a personalinspection. = 
far bo The flood problem of the Y Yellow River does not end merely v with strengthen- a 

- ing the present dikes, however. 4 To declare that it is ‘merely a diking job is ol a 


explored too many angles of the problem and mentions “seeing a few particular, BS Pe 
‘trees but not the forest of which they form a part.’ He would limit the 

4 problem of Yellow River control mostly to a program of strengthening a 

and benks the current impinges on them. writers believe that 


dike is a part of the remedy needed. The Yellow River problem 
ss has its roots in the most stupendous and rapid geological transformation process _ 
ia which is taking place on this planet—a process which has been created, for — 
most part, by human ignorance and carelessness. Soil has been stripped. 
the cover of vegetation that held it in place, and food-producing p plants with 
less soil binding properties have been put on all these highlands that required 
careful treatment. he cultivation of these crops induced erosion which has 
- continued without abatement for centuries. To repair the enormous erosion | ee 
- damage that has already been done is impossible; but it may be possible to ite 
- Tetard it some et if not entirely to arrest it. This will be the work of 
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floods make the otherwise attractive and fertile Grea 


= ae - Plain of North China such an insecure place in which to dwell. Most likely eS 


the Yellow River will always have a silt problem which will be reduced gradually ai 

= in importance with the development of erosion control. The laws of silt Le 
rer, will eventually be determined in 
- gaitable field laboratories and will give the river engineer this added power not f 


due to bad seamanship, ran on a silt bank, capsized, and was buried i in n silt at a 
a the mouth of the river in the 1890’s. That feat should not be cited as a warning ae: 
to keep dredges from the Yellow River. Unlike the Mississippi, the Yellow 
4 River scours on rising stages. If dredged cuts are kept open through crossings 

- immediately before the flood season begins, it may result in the river scouring 

a channel deeper than otherwise. It is likely that the low-water season’s 
- bed-load will be induced to progress down stream more efficiently by dredging 5, 
ae cuts through bars which act as obstacles, tending to silt up the channel as 8 AY 


; bg = venting x the river from ra raising , its bed due to other causes than prolongation of 
g vad Mr. van der Veen believes that the soil condition of the river banks has little _ 


- to do with groin spacing. | In the case of very long groins this is true; but for _ 
we short groins the condition of the soil is an important consideration in spacing. Rae 
‘This has been the experience of f engineers on the Yellow River. 


"producer s and silt carrier of the tributaries and hence requires special attentio 


Fx, In Fig. 1, the writers have shown possible dam | sites for detention basins or 


= these: latter being feeders of the Wei Ho. Buch detention basins may be a 
A 
great assistance in ‘smoothing out crest fiows. It is also in this 1 region that, 
ae eventually, extensive soil-erosion control work must be constructed, as it is 
fe _ one of the critical parts of the Yellow River system, especially in the matter 
of silt flow. The writers have not drawn more attention to the Wei Ho because 
. they believe the main river to be in more immediate need of control. The Wei 
Ho silt is of such extreme fineness, being mostly of clay composition, that vie 6 
pe - not cause the same difficulty along the diked channel as the silt from the . 
main river. Therefore, corrective measures on the drainage area between 
Tungkuan and Tokoto in Suiyuan should take precedence over similar measures!) 


on the Wei Ho drainage area. 
_ iat ‘The writers had suggested only one auxiliary flood channel—the Tu Hai 


Ho—or one in its general vicinity. Hills on the southeast bank prevent the 
 Jocation of a similar channel on that side of the river from the old Grand Canal ‘ 
crossing to a point a few stream mf rom n Lokou. 1 It is Possible, 


a 
a Mature consideration. When the channel has been regulated, the use oi dredges 
_— a _may mean much toward a prolongation of its life. How far out into the delta oe 
will be practical to use dredges only experience can prove. This equipment _ 
hawe he of a different tyne than the antionated hucket dredge 
— 

im 
7| 
Li 
— 
— 
| 
| 
——— 


to have an sineitial channel to the south of the river from a point near abhi 
— just east of Kaifeng, to ‘Tungping Lake and then through the Po Ho to the © .. 


dam 


main river. As Mr. Jarvis suggests, such channels might aid in maintaining — 
capacities in the main river at critical times. In this vicinity there are areas - 
that could take large silt storage in filling depressions. tot 
5 The writers are highly appreciative of the careful study given this subject % 
a oy. Professor Lane and share with him some of the anxieties he has in the matter _ 
a of silt transport and disposition. Ati is agreed that, aside from handling the — 
- flood waters and routing them to the sea, there is the closely. allied problem of 
bi _ controlling the silt or sediment stream. He is entirely in accord With a 
writers: in emphasizing 
the transportation ‘of sediment. j "Professor Lane’s 8 discussion 
_ valuable since he is able to write not not only with 8 personal knowledge of a ve a 
2 river conditions, but also with years of experience in the study of silty rivers a7 * 
a in both field and laboratory. Some of his field work has been in the Huai River Boa 
valley south of the Yellow River, ita Of ta) tan 
Professor Lane intimates that a possible e danger i in a flood-control and silt. 
i control detention basin is that the silt concentration is likely to be a maximum pre a 
when the outflow from the basin has become nearly that of the natural aa 
i Hence the Yellow River course through the plain may be in danger « of choking. a 
oe - Opinions may differ both in regard to the time of maximum silt concentration 
in the outflow (see Fig. 20) and the possibility of choking. _ Since it is not p pos- ey 
2 - sible to solve these problems by analytical deductions, the writers have roto. 
mended that they be solved by laboratory experiments, or, preferably, on small, — : a 


i 


silty streams such as may be found in Southern California or Arizona. jupatod 
. oN In this connection actual field data from the Yellow River for August, 1934 ‘& 
e. show that the diked river is capable of conveying a flood of about 185 000 cu ft 
ia per: sec, ¢, with an 11% silt load, through the entire length of its lower course | f rom 
| Taochengpu to the sea without injuring the channel to any marked degree 
5 (see Item 1 in Table 6, Table 7, and Table 4, August 9-20, 1934). Attention 
is called to the controlling influence of the section between Shanchow and 
Chinchang on the silt concentration. It is the Mengtsin-Chinchang section of 
_ this reach which acts as a temp porary storage reservoir when the silt “masses i 
become excessive. The depositing area under present non-regulated 
x conditions is between the 1851 break and Kaotsun near the Shantung border. aS 
f These two natural storage regions for silt seem, so far, to have prevented the mt ee 
a silt concentration in the diked river below Kaotsun from exceeding 123%. 
Mr. Freeman records about 10% in 1919 near the Grand Canal crossing. ~~ 2 
values for August, , 1934, in Table 4, are the highest recorded by the Yellow bd 
e River Commission for the lower diked river. It seems quite possible, after the te : 


* channel has become regulated, that discharge of 200 000 eu ft per sec may = 


If the Palihutung or Sanmen detention basin project were to be completed 
and the diked channel regulated, one might expect (see Figs. 19 and 20) that . 
the maximum silt concentration in the outflow 1 would not exceed 40%. (it 


_ May even be possible to keep the maximum silt percentage lower than this by ie 
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gates whereby the e stages i in basin could be controlled and excessive 
seour from the basin thus reduced. Reasoning from what occurs at present 


= -~- the down-stream channel, one may assume further that the silt penile 
es tration in the outflow would be reduced down stream to about 20% by ies i 


reasonable to ‘expect that the diked channel at any would 
and the flow sent over the ) dikes, since in a regulated channel the silt would 
it _is also very 
probable that the clear outflow the basin, preceding ‘the scour 
_-——s- would remove considerable silt from the channel between Chinchang and Kao- a 
 tsun, , the same reach where refill would later take place, thus further reducing * 
fen 8 hanee of choking. Since not all large floods are as heavily silt laden as that s 
es of August, 1933 (of which Fig. 20 i is an actual record), the channel will again — 
at To interpose another silt-depositing reservoir near the up-stream end of the - 
S diked ¢ course ‘is ‘scarcely advisable although it may be done in case of f need. . 
To arrange for such a reservoir would be a formidable technical problem. If, ne 
‘in its simplest form, it i is made as 8 lake, through which the river flowed all bs 
up rapidly, 
even if it had an area of 1000 sq miles. Tf it were meant to receive the silty 
oe flow only during the periods of heaviest silt concentration, control works would be 
t be required both across the main river channel and on the side into the reservoir, biSe 
as well as for the outlet back to the river channel. a8 
It has been contended several times, in the discussion, that the change i in - 
slope along the diked channel will affect, ‘Inaterially, the river’s capacity 
transport a heavy silt load. This may not necessarily be the case. Field 
a studies made of the Yellow River indicate that slope changes within the limit : 
i of those which exist along the diked course are not sufficient to detract seriously 
ie ia from the river ’s capacity to carry silt. Hf The slope which will begin to affect silt i 


those which exi ist, after the channel has been regulated. 
course, there are limits for discharge and silt load beyond which the existing — 

a slopes will begin to take effect; but the writers believe that these limits, due to A 

_ the fineness of the silt, lie much higher | ‘than on other rivers—hence, their i 


optimism in regard to the non-choking probabilities in case Sood-contral 
lig ot Under a system of flood-control and silt- detention basins west of the plain, 
oe there is the objection that nearly all of the silt will be deposited in the sea and fe 
rapidly make the lower diked course untenable. If soil-erosion control in the a 
‘loess areas is vigorously pursued, however, this objection may not be serious, ie 
since the erosion control may be expected to bring i imposing results within three a 


be ‘sufficiently iedlin: and the problem arises 8 of how else ‘to handle the silt. 
_ -Reefessor Lane pointedly draws attention to this and 1 suggests three methods: 


= 
a 
= 
¥. a ce _ from which place the flow would continue with the same silt load right through t 

: q ss the diked channel. There might be some deterioration of the diked channel & t 
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it in place on the water-shed (may not be’ very 


writers concur fully with Professor Lane in these suggestions, bi but at 


&. the ye same time they maintain that it is of paramount importance to regulate 
— the channel, as without regulation it will be impossible to enforce any other 
= control. Nothing can be done with a Tiver which i is likely to break loose any- 
where and which wanders at will over a broad strip of land within irregular lines i 
of dikes spaced excessively far apart. The silt problem must be handled quan-— 


; the dikes, and how much goes to the sea. These Guantities should be so ) pro- im 
_ portioned that they will give the longest life to the entire diked channel. . To ae 

- bisin the desired uniformity and quantitative control of deposition i in channel, 

pile areas, and sea, it is essential that the entire channel be so regulated that . 


of the Y ung Ting Ho diversion works in 1933 and 1934 was. aun to the fact that bas = 
- the river r up stream was unregulated. This and other illustrations of costly — ? 

gambling with silty rivers in North China remind engineers of the prudence of _ ay € 


It has been suggested that the writers might have considered | the matter og 
of silt disposal more fully in | their recommendation for control measures oe i be 
_ do so would have meant, evidently, a quantitative appraisal of silt disposal. a 
E Data for doing so, unfortunately, are still insufficient. _ Professor Lane suggests ae 
K certain principles along which such silt disposal should be guided, but at the — ay SH 
same time recommends laboratory research for quantitative determinations. 
‘a To this the e writers agree, and here the matter must rest for the time. — With om 
- China at war there seems little. opportunity of this research work being under- > 
taken in that country. Possibly a way will be found to solve some of these a: x 
~ problems i in the United States so that a comprehensive control of the Yellow | a 
a River will be planned with greater assurance that the element of chance has 
been removed toa very large degree. PUA 
- _ The proposals of Mr. Higgins have been answered in replies to previous — 
_ discussions. The writers believe that they have remarked fully enough on the 
“ possibility of letting the river “handle its own problem.” They are convinced — 
a that more co ntrol, rather than less, is essential, especially where there is such a 
dense population to be considered. Resourceful though they be, the Chinese F 
_ farmers need direction i in matters such as control of Yellow River floods, because 
these come as great avalanches of water surch harged with mud. Too the 
3 people of China ‘have been victims of these river “dragons.” ” It is time for the i 
entire engineering profession to give the very highest service ‘in its power to ve k 
e bring this river under control. It is a task for hydraulic engineers with - years ae x = ee 


‘ 
____ 3. Carrying a part out to sea and depositing it on the sea floor. — es ‘a = 
— 
‘tatively, and Can be done fifst arver the Channel has been regulated. it 
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SOCIETY OF 


“<P RANSROTIONS 


= RISK OF THE UNEXPECTED IN SUB- 
SURFACE CONSTRUCTION CONTRACTS 


Discusston By Messrs. Atonzo J. FREDERICK W. Newron, 
Davin A. Mourtor, F. B. Marsa, Evan Mari, C. MAXWELL 
KENNARD THOMSON, ‘Carrou A. FARWELL, AND OREN Ciive HErwiTz. 
2 In the early days alien the development of a technique for preliminary — 
oe underground exploration, it was customary for the contract to provide that “) 
a the risk of the unexpected should fall on the contractor. Broadly worded s 
contract, clauses took the place of scientific and careful investigation. 1. This Gs 4 
< practice often resulted in a higher total cost to the owner, since contractors, 
perforce, added an arbitrary sum ‘to their bids to cover possible difficulties — 


(1(a@));* that is, the owner passed « on the risk to the contractor and paid a is 


substantial premium for this insurance against loss. 
fr Modern standards of sub-surface investigation, as detailed in the Society’s 
Manual of Engineering Practice No. (1), have eliminated much of the costly 
uncertainty involved in underground construction, with corresponding 
= to owner and ‘contractor. Indeed, the cost of supplying the contractor with 
: i ee complete data on subterranean conditions will generally be less than the su s sum 
by would charge for blindl assumin g all risk: 
We _ Nature, however, often shows a whimsical unconcern for Man’ s data; .- 
oe careful and complete preliminary investigation may not always forecast actual Ry 
subsoil conditions accurately. In that event, the parties to the contract often 
Be disagree as to which must bear the loss. Even an agreement carefully drawn — 
Ze along t the lines suggested in in Manual No. 8 (1) may yet leave room for reasonable — 
‘men to differ : as to its and, when amicable adjustment of 


Bi inctloaee in this type of litigation shows that emphasis is Pe 


satay worded specifications, often with results expensively significant to =. 4 


ee Asst. Corporation Counsel, Div. of Contract Litigation, Law Dept., City of New York, New 7 
or to numerals in parentheses, see ‘‘Court Citations and References," in the 
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party or the other. A judicial 


‘ ague both owner and contractor, even when given in the utmost good faith 
and 1 with careful attention to the best modern practice. © There should be a | se 
clear “meeting of the minds” in the perfect contract. It is necessary, 
that both parties to the contract understand the extent of the risks they are om 
assuming, 80 that the hazards of litigation may not be added to the still sub- — 
mere In Manual No. 8 it is ‘suggested that variations in subsoil conditions, ~ & 
vealed during the progress of the work, shall not entitle the contractor to addi- 
- tional compensation, unless the variance is considerable and the error in the | =. 
preliminary boring data is firmly established (1(b)). However, extra com- — 
a pensation has been allowed by the Courts even without Specific evidence that 
‘error was made in gathering the preliminary information. mer 
Bhs In one case (2), the contractor had agreed to iavine a by-pass for Okla- os 
 homa City, Okla. Boring and sounding records appended to the contract led ed 
- the « contractor to believe that the material to be excavated consisted of a quan- a 
ie tity of earth and dirt with a small quantity of rock. There was no language fa - 
in the contract purporting to absolve the City from liability should t the indica- 7 . 
of the borings and soundings prove inaccurate. The contractor bid rd 
unit price per cubic yard for “all excavation,” which was to “cover the excava- FS 
tion of all earth of whatsoever nature down to the grades and lines as shown on | 
oe the plans.” ” Instead of the small quantity of rock indicated by the preliminary Fs ; 
- tests, about 60 000 cu yd were found, and suit was brought to recover the ad- _ 
State Supreme Court of Oklahoma held that the contractor 
- entitled to recover, stressing the combined significance of two facts: (a) That 
x" the contractor was led to believe from the records of borings and soundings — 
‘that there was no rock to be encountered except in negligible quantities” ; and a a ; 
(0) that the price | bid, from the restrictive language of the specifications, merely i. . 
covered the excavation of earth. The word, “earth,” it was declared, did not aa 
include rock (3); therefore, the excavation of rock had not been “contemplated 
nor contracted for,” and should be treated as extra work. geno 
x og If, unlike the foregoing case, the language of the e contract is broad enough igh 
to embrace removal of materials not shown by the t borings (4), contract pro- 
4 visions designed to shift the risk to the contractor should the borings prove mis- 
_ leading are frequently effective, particularly i in the absence of evidence that _ 
_ Serious error was made in making the tests. _ Thus, it has been held that if the _ 
owner “does not warrant the indications of the borings to be: correct,’ ‘andifthe __ 
“contractor agrees that he shall have no claim ‘should the character and extent 
4 of the various materials be found to ‘differ from what is indicated,” owner _ 


i 
= 
E. 


i, re similar ruling was made in a case in which the contract stated that there 
a Se was no express Or implied guaranty as to the accuracy of the borings and sound- — 
a aan. ings, ‘and directed each bidder to place his own interpretation upon the sound- 
1 = ings and borings made by the City in forming his opinion of the e character nd 
The State of New York includes in its contracts a disclaimer clause which 
<4 has proved an almost impenetrable barrier against claims based on unexpected 
‘sub-surface. conditions. A leading case in point is. Foundation Company v8. 
State of New York (7), where a recov ery was denied in spite of the fact that 
he borings er seco indicated the elevation at which bed-rock would be 


_kind affecting the work made fe by any officer or agent of the State, may prove 
to abe in any respect erroneous. This. disclaimer clause i is ineffective, how ever 


‘sufficient to brand it as the equivalent of fraud or bad fait similar ruling 
a _ was made in another case (11) where the contract stated that the borings were 
ci _ No disclaimer clause can force the contractor to assume the risk of deceptive Pe , 
however, if the information given is known to be incomplete or mis- 


leading. well established doctrine that no man in may contract against | his 


4 Sa own “fraud” (12), strikes down a any attempt on the part of the owner to escape zi 
liability for “unexpected”’ subsoil conditions. Although the principle is un- 
deniably sound difficulty | lurks in determining just what facts: will justify its 


A well known case arose from a contract with the United States Government — 

aw eat for the construction of three locks and Geamne on the Warrior River, in Alabama : 
(13). Borings met “obstructions which, | from the particles broken off and 
al doohine to the surface, would indicate that they might be logs.” When this i 

. happened the di drill was moved | elsewhere until a Place was found into w which it 
would penetrate. The evidence of buried logs was not noted on the boring — 

- plans because the Government’s engineer did not consider them of sufficient — 

— Although the Cou rt found tha t this was an honest opinion and that there 

> was no conscious intention to conceal material information from bidders, the 


contractor was ' Permitted to recover the additional cost of uprooting stumps, 


— 
lz: 
— 
iselaimer clauses have even been held to cover a case in which the borings = 
Were. interpreted incorrectly by the owner’s engineer. The evidence in that 
- aa ease (10) was that the engineer’s error was due to his ignorance of the wash- =" ie * 
technique; the indications of hardpan were not recognized. The deci- 
Be sion holding against the contractor’s claim rested largely on a contract clause a 
_ ae stating that the borings were exhibited to the contractor so that he could form _ ‘ie 
his own judgment without implying any guaranty on the part of the owneras 
if 
a 
q 
a 
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‘sand and gravel, : and sand-stone « none of 
£ which was indicated on the borings. _ The extent to which the Court’s decision _ er 
e was influenced by the statement in the specifications that “the material to be a 
4 excavated, as far as known, is shown by borings” is not apparent, but it is sig- 3 Ba 
nificant that, in its opinion, the Court italicized the words, “as far as known” 
(14). "In any event, it would seem that the engineer’s failure to note a sig- a 4 
nificant detail on the boring plan may have an expensive sequel. = ranieh 
_ -Even the broad disclaimer clause included in New York State contracts has __ a 
been’ held impotent to prevent récovery by the contractor when material 
_ information has been knowingly concealed. In one case (15) the State had it 
a conducted earlier boring and sounding tests which suggested the presence of des: 
hardpan, but the results of these preliminary explorations were not disclosed 
to bidders. Instead, they were given a later series of wash-borings which did 
not show hardpan. | Although the State’s engineer testified that the earlier 
4 borings were not disclosed because, in his honest opinion, they were not as 
reliable an indication as those that were shown, the contractor was allowed — 
Ee recover the additional cost of excavating hardpan. Recovery was ae 
_ allowed in another case where the statute authorizing the construction of a 
e New York State Barge Canal required the State to give bidders accurate _ 
information (16) Vite to ton vilneisqge sew 


“a8 In still another case (17), it ‘appeared that the Passaic Valley Sewerage ie 


Ve 


Ms a Commissioners had contracted for the construction of a subterranean and = 

a 4 submarine sewerage tunnel. A series of borings had been made and the results 4 
Be a tabulated on a set of plans appended to the contract. . These findings signified 4 = 
* that under the waters of New York Bay the material to be excavated consisted A ee 
a a of a layer of of mud; below that a i a layer of sand and some boulders; and, beneath By = &¢g 


that, a “cemented Triassic formation. fol # 


a> ib he 


these data the Commissioners entered into a- contract with a party which, 


rs f fF: after completing only part of the work and failing to find the “cemented a 
Triassic formation abandoned the job. The Commissioners then entered 
a _ into a contract with a second party on exactly the same data previously used. i a oe 


_ Again, the elusive rock formation was not found; again, the contractor aban- a a 
In re-advertising the contract for the third ‘time the ‘Commissioners, 
apparently doubtful of the accuracy of the borings, added a note t¢ to the contract as 
a stating that the borings were ‘ “supposed to be approximately correct, -_— 


_ should they be found to be otherwise the contractor shall have no claim on that _ 
; ove it being expressly understood that the Commissioners do not warrant . 
the | plot to be approximately correct. ” The contract was awarded, and for - ee ie a F 


7? third time the “cemented Triassic formation” was not found; instead, gravel, 


This the work and brought an action for 


verdict for the plaintiff was affirmed by the Circuit Court of Appeals. 
g was held t that the self-exonerating note appended to the boring» plans was 

to relieve the defendant from liability, inasmuch as the 


ve 
= 

; 

| 
— 


SURFACE. CONTRACTS 


 . a contract to construct a section of the Lexington Avenue Subway in the 

of New York, N. Y. (19). The borings, although “not. guaranteed,” 
indicated that the tunnel was to be constructed entirely through solid 
eS and the contract drawings were obviously based upon that supposition; but — 

a the drawings also contained a notation that “if rock is not encountered, the : 


— design of the side walls and floor will be modified. ” For a considerable part 


_ of the distance traversed the contractor met soft earth and mud that required oe 

a pneumatic method of tunneling, and to recover the higher co cost ofthistypeof 

‘action was commenced. allowing a recovery the Court 

ce ee. neg emphasized the fact that on file in the office of the Public Service Commission Gi: 

a aS Bee was a copy of the “Viele” map which showed that in earlier times a creek ir’ 

- had crossed the line of work at the point where soft earth and mud were found. 

a aa From this, the Court stated, the engineers for the Public Service Commission — ca 

4 J oP should have expected that soft earth or ‘mud would there be encountered. It re 

concluded, therefore, that the extra work was caused by conditions which 


should have been anticipated by the Commission, and could not have been 
a discovered by bidders (20). Testimony that the map was also filed in the be ta 
a =. New York Public Library and was readily available for inspection by prospec- (oo ae 
tive bidders was apparently not considered of any significance i in this instance. _ 
MS te The ready availability of the allegedly concealed information, however, has ro 


emphasized in cases denying recovery (21). Greatly the 
bidder’s inability to make his own borings, since the sub-surface lay under a 
principal thoroughfare of the city (22). By the same token, the bidder’ 


opportunity to make borings has been given equal importance i in ies denying — ug 


recovery (98) bux bode to vovel 2 woled = 
a sf Although Manual No. 8 (1c) suggests that boring data be included with the ee ig 


contract and guaranteed as to correctness, it also advises that ‘ ‘soil conditions 
between borings may be assumed by the contractor at his own risk.” The 

; Sin distinction thus drawn between guaranteeing merely the nature of the subsoil — ae | 
jes within the limited area encompassed by the boring pipe, and not the subsoil — ae 
_ throughout the entire site, is one that is not readily accepted by a Court of nll 


Judicial interpretation ofa boring plan as being merely a statement of 


was 


Fig. 1(a) represents a situation where bidders are merely as to the 
mee ‘emule of the boring tests at the place where the borings were taken. Fig. 1(b), ope 
a on the contrary, constitutes a statement not only of he res results of the borings, gt 


but also of what is to be expected elsewhere. i 


= 


A notable exception to the judicial reluctance to distinguish between Ma 


4 in The contractor - sought to cancel his contract because he found quickeand unex- 
Pe ad pectedly and because he did not encounter the soft shale and soapstone shown 


1s, 


by the borings. The only statement in the contract pertaining to the borings Pe 
qq St was that “the findings are as indicated on sheet number 2,” which, the Court aor 


. s said, amounted to nothing more than a statement that the findings of the Bits 


bug 
4 
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a that the borings were submitted merely as a bit of useful information, and not — 


of borings i in to (26). It concluded 


as a statement of sub-surface conditions generally to be expected ‘hemmehewh 


- the site (27). There being no. evidence that the results of the borings were © 


Fine Sand 


TOT 
ne 


a 


his case eloquently illustrates to the two conflicting interpretations of 
a boring plan which Courts have been urged to adopt. . Since the Cou rts i 


a ir of borings is largely limited to what is testified before it by 
Ee experts, irreconcilable decisions may be expected 1 to continue | as | long as wit- 


ag 


Owner INTERPRETATION OF BoRINGS 


ite In addition to a boring plan, the owner sometimes supplies his own con- 
(pew 
clusions as to what the borings show with. reference to subsoil conditions through- 
out the entire site. Whether the owner thereby assumes any greater risk if his’ 
; conclusion proves erroneous or misleading turns again on the Court’s a 
om ‘tation n of the language ‘used in the agreement. Thus, i in a contract fo — a 


approximately 15 ft below the surface) was to be taken (28). The contractor 


found the blue clay only 6.5 ft below the surface, a and brought s suit to recover the 4 
= In the lower Court, the contractor won judgment on the theory that the a 
Tailroad company had “falsely stated in the specifications that there was no 
clay in the tract nearer the surface than but this 


4 


After: constructing a lock and dam on the Ohio River up stream from, 
Ashland, Ky., a to the additional expense of 


— 
a not fully and fairly recorded on the boring plan, the Uourt held the derendan 
innocent of misrepresentation, and, accordingly, denied recovery, 
: 
| 
— 
— 
_borrow-pit. ‘The specifications stated that the borrow-pit was to be excavated 
4 
— 
— 
4A i 
 Msconstrued the language used in 
Specifications was what the boring 
> 


disclaimer clause | (30). The evidence disclosed that an 1 earlier series of borings 
i 3 were not even weer to bidders and that one of these borings had yews a 
“log next 
vats An interesting variation on this theme was presented i in a Missouri case (82), , 
in 1 which the cor contract stated : “The borings indicate that all the will byt, 


Ss obstructions were not indicated on the boring plan, and the contract donsthinaal 


were plainly marked as “poor limestone” ; poor limestone was 

the contractor found, not the “solid limestone” mentioned in the contract. = 

_ Instead of breaking along the line of drilling, the rock broke off r along the 

‘seams, , necessitating additional expense for concrete reinforcement. Again,no 

recovery was allowed. In view of the fact that the borings, although not a 

guaranteed, actually -Tevealed very condition later encountered, the 
claim that he was misled by ‘the o owner's: 


_ Instead of a boring plan, there n may sometimes be annexed to the contract a a 
eo ‘profile or cross-section showing the elevations of the surface and underlying | i 
: or the general composition of the subsoil throughout | the site. In this 


case, the contractor is presented with the owner’s conclusions as to sub-surface 2 


sometimes without access to the preliminary information upon 
which they were based. E Must the contractor bear the loss if the true > sit i 
found to differ from that indicated on the plan? 
a _ - Here, again, the language of the contract is generally the decisive factor. 
id one case a profile plan showed the location of a ew sewer in relation to 
RS the existing surface of the ‘street (33). ie Superimposed o on this plan wasa 
‘convoluted, dotted, line marked: ‘Probable surface of rock as shown by 


borings.” The contractor had agreed, however, if “the location of the 
” During excavation, quicksand was encountered where the profile 
“he rock, and the contractor sued for the added expense thereby occasioned. 
an Recovery ¥ was denied. _ The Court held that the contract clause was a disclaimer a 
_ of warranty relating ‘expressly to the convoluted line which the plaintiffs claim — 
constitutes a warranty of the true location of the ‘Tock. 


oe made in observing and recording the results of the borings aide which the 
profile. plan had been based, were not actionable (11). ‘Similarly, owner 
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> 
3 | example, where it was a matter of common knowledge that a saw-mill had Be 
i _ formerly occupied the site of the work, the contractor in one case (34) could not : 
_™ j= recover the expense due to logs that were not indicated on the profile. Re : 


3 a rock at various points. are folie approximately on the plans, but the b bidder — 
must satisfy himself of the accuracy of these and of the rock surfaces in n general.” ? 4 a 
On the other hand, the use of the word, “approximate,” in connection with eae. 
the information given, is not always effective to prevent recovery by ae =. 

contractor. This was demonstrated in a Virginia case (36). Bidders on a +. a 
proposed contract to construct a bridge over the James River, near Richmond, ae Ss 
“a profile of existing conditions, ? ened a line 


the el elevation the were sufficient to excuse ‘it from for 
The Court rejected this argument and permitted the contractor tor recover. 2 & 
: It was: said that the e words, “plus or minus” and “‘approximate,” as used on the — 
e- profile, served to cover only ‘ ‘negligible deviations from entire accuracy” ; they a 
intended to express the idea merely “that the line as shown upon the 
profile was s nearly, but not exactly, correct. Since the actual ‘conditions 
departed substantially from those pictured on the profile, the 
words were held inadequate as a defense. con 
A contract for the construction of new coagulation concrete basin in 
B, ‘Alliance, Ohio, incorporated a plan showing, i in cross-section, the location of the 
basin in relation to the existing grade, signified by a wavy, horizontal line e 
marked ‘ ‘approximate original grade” (37). . From tl the seale of the drawing, 
calculated that a genéral average excavation of about 9 ft and a 
- fill of about 9 ft would be required. He found, however, that the actual average a. 
‘ excavation was only about 3 ft, and brought suit for the cost of obtaining the a 


Bt A verdict for the defendant City 1 was reversed on appeal and a new trial wa 


ordered. Asi in the foregoing case (36), the Court held that the word, “approxi- ey 
e mate,’ w would not protect the City in the face of so substantial a disetepatiey. 4 
ic — attempt to charge the contractor with knowledge of ety error, on a the theory ES 


= “unsuccessful. Proof that bidders do not customarily compute excavation from 


oe Recovery was allowed in a similar case (38) where the piers were to , be tbe ~ 
“to the line and elevations given on the plans” and excavation was tobe “done a. 
to the lines shown. mt) Recovery was denied, however, where the. specifications ) ae t= 
” ‘ 
22 stated that the plans showed “approximate grades for excavation, ” but where 
the contractor was also directed to carry the: excavation “to the foundation — 
ks lines and grades as shown on the plan, or to such increased depth as m nay t 
necessary to obtain a firm foundation” (89), 
still another case the contractor r complained because rock found 
B-vgah the surface than suggested on the profile (40). “His : attempt to recover 


the cost of excavating additional rock was again, the line 


q 


4 i an that shown on the profile an — ae 
diseovered rock at a much lower elevation th City of Richmond 
one of additional earth excavation. The City o 
gued to recover the cost o 
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the profile was line” but the had 
= a , under another clause, to bear ‘ ‘all losses resulting to him * * * because — ed 


aa 
The foregoing case (40) was later cited by the same Court when it refused to 
aa ae grant a contractor the cost of extra excavation required to reach bed-rock (42). os 
Bee's _ This claim was based upon the fact that a cross-section showed the foundations ue 
aa _ of the proposed dam resting on bed-rock, which, from the scale of the plan, 
appeared to be all above Elevation 148. The plans: were to be ‘ ‘considered as 
6. only approximate,’ and although it was necessary to go & considerable distance 
: = Elevation 148 to reach bed-rock, no recovery was permitted. = 
es - In holding that this was a contract to rest the foundations on bed-rock ; 
_ wherever found, and not a contract to build “these piers with foundations at a “eh 
certain depth” shown on the plans, the Court emphasized the fact that the aye 
contract included a contingent item of “200 cubic yards of « caisson work below. 
elevation 148.” The inclusion of such an item was considered aclearindication 
va _ that bed-rock might be found below Elevation 148. _ The following part « of the 
s opinion has been quoted frequently (43): 
contract and ‘specification may contain representations as to existing 
- physical conditions. If so, a bidder may rely upon them, even though it be 
P) "provided that he shall satisfy himself by personal inspection and investigation pasts 
as to their truth, where because of time or situation such investigation would be Fin 
- unavailing. — (Faber v. City of New York, 222 N. Y. 255); or statements may 
_ be made on which the bidder, because of the lan uage of the contract, cannot 
rely. He may have agreed that he will “Then if they are made in good 


faith he takes the risk of their accuracy.” 


_ In litigation over the construction of an East River bridge, the same Court ie 
had earlier held that a plan indicating the existing rock surface and showing 
_ eaissons sunk into it, was a warranty as to the true position of bed-rock (44). “ . 
2 However, the specifications contained the added limitation that ‘‘bids are based 
upon depth of excavation indicated on the plans,” that “if excavation 
= _ deeper than that. shown on the | plans is required it is to be paid for’’ at so much > = 


a 


_ percubic yard. Bed-rock was found from 8 ft to 9 ft higher than was shown on 
J = level and create an an obstacle to navigation, the contractor was directed to <f 

The defense was based on a contract provision which required that “the oo 


the plan. _ In order that the top of the caissons should not protrude over the 


i contractor must assume the responsibilities for the difficulties encountered in 


sinking the foundations to bedrock or into it to whatever depth shall be eye 
‘3 _ determined upon.” In view of the other contract provision requiring payment — 
—. additional excavation into rock, the Court decided that the argued clause 4 
the assumption of merely for any “difficulties” 
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ti}> bik DESCRIBED IN Cowvnaer todd vod 


JA statement describing the materials to be » encountered r may be reno 
in the contract. The form of the alleged 1 representation in this case is the i. “4 


language of the ‘contract, and not mere lines or symbols on a plan whose 
ve _ meaning may be doubtful _ Typical is ‘the well known case (45) based on | ae 


United States Government contract for the repair - of a dam, in which it was < 


stated definitely that: ° ‘The dam is now backed for about fifty feet with broken © 
stone, sawdust and ‘sediment ” Tn stea ad, the contractor found a 
- eribwork filled with stones, and sued to recover the consequent ‘additional 


“expense. . The contract provision Tequiring bidders to examine the site and to 
“ satisfy themselves as to the nature of the work to be done was urged in defense. 
With this argument the Court was unimpressed. A recovery Was permitted 


-—Deeause “the specifications spoke with certainty as to a part of the conditions to ie: 
___ be encountered by the claimants,’ ” and of them, it was said, “the government — 
might be presumed to speak with knowledge and authority.” lignes 4 


In another ¢ case (46), recovery was rad because the 


4 


similar conclusion was in case arising out of a contract 
= anneal a ship channel at the mouth of the Detroit River (47). The material ee 3! 


bo be removed was. stated to consist of: “Sand, gravel and boulders, all in ees 


_A contrary decision was given in an instance in which the as to 


I the nature of the sub-surface was qualified (48). The contract t stated th: ‘that: : oe 
. “Good gravel will be encountered i in the excavation,’ ’ but . the contractor was aS 
+ also notified that if sufficient gravel was not found, equally good gravel would ae 


; gravel at all, sued for the cost of obtaining it elsewhere. 7 he Court held that no a 
_ Tepresentation had been made to the contractor that he would find sufficient | 
gravel in the excavation for making concrete; on the contrary: “AML that the 
“specifications say is that some gravel will be found in the excavation. ‘The 
language of the specifications put him upon notice and required him to make re ie « 
investigation, having failed to do so he cannot be heard to complain.” 


| 


Recovery| was likewise denied where the ‘contract stated that a supply 


_ have to be furnished for making concrete. ; The contractor, not finding any a a 


_ ‘Recessary stone ‘ ‘could be obtained at Union Spring [N. Y.], at 90 cents the ee hy 


ad clause found i contracts with the State 
_ New York, to which reference has been made heretofore, was cited by the 

; "Court j in support of its conclusion that the contractor was not entitled to rely — 
upon this statement as to source of supply. ane 


_ Ina very similar case, however, the clause was held impotent as a defense iam 


“Gd 


q to the ¢ contractor’ 's claim for the additional cost of stone ata 


a 
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statement an late when he discovered tha he stone could no _ 
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J 


= "discovered t that the person in  Poeseeatia had 1 no legal right to sell it, and hae 
was forced at added « expense to go ‘elsewhere. 


steal 
Noale Having done everything possible to verify the statement and having found 
Bui apparently, : it was true, the contractor was deemed entitled to rely upo 
w hereas, i in the ‘preceding case (49), recovery w as denied because 


tion by the bidder would have disclosed the error. Thus, in the face of contract _ a 

disclaimer clauses, inv estigation seems to be the w wisest course, 
As has already been shown in other types of | cases, however, exonerating 


anguage in a contract is unavailing if the representations made are knowingly _ 


false. This was the : situation presented i in a contract which stated that “the 
4g material to be removed is believed to be mainly mud, or mud with an ‘admixture : 


. of fine sand, except from Station 54 to Station 55 plus 144 * * * where the 


ms a material is is firm sand and gravel or cobbles” (51) . The “accuracy 0 of this de- , 
— P scription” was expressly not guaranteed ‘and bidders were enjoined to decide fo 


themselves | the character of the materials to be handled. The description — 
- 4 presumably was based on preliminary borings made by the Federal Govern 
i ment, which also were included in the contract with the statement that: se 


“No guarantee is given as to the correctness of these borings in representing 
the character of the bottom over the entire vicinity in which they were taken, 
_ although the general information given thereby is believed to be trustworthy.” 
Upon finding: a heavy compacted material instead of mud and fine ely 


a contractor discontinued operations and sued to recover the value of the work ot 
a already done. It was: shown that the ‘Government had encountered an im- 
penetrable material during preliminary borings and had not noted this fact on _ 
a the plans. Recovery was allowed by the United States Supreme Court. The — 
- decision apparently turned upon the fact that the Government’s assertion of 


“belief” as to the nature of the material: was false, in that it was 


SS Frequently, the statement or representation is 1 not made part of a written 
contract. _ When such information proved incorrect, recovery was denied in an 
early case (52). The Court declared that a statement of the expected nature of — 
the sub- surface was & mere expression of opinion “with reference to matters 
equally within the power -of both of the parties to the contract to ascertain and ter 


arin for themselves,” and that the failure to include this statement in the» ap 


other than that mentioned in the specifications (50). Before bidding, thecon- 
> 
a 
site 
i ie that in Pearson vs. State of New York (8) in which the use of the word, J 
was considered to be merely a statement of “hope or expectation” 
and not a “positive agreement or warranty.’’) Emphasized, too, was the 
that before work was begun, Government engineers had inspected the 
ag a by tractor’s plant and equipment and approved it, knowing that it was suitablefor _ | =. 
itm 
— 


-SURFACE 


been claimed that a plan, or the stated in an 
~ engineer ’s estimate, or the methods prescribed for doing the work, led the con- ee 
_ tractor to believe that a certain type of of sub-surface would be encountered. Jaa 
Such attempts to “spell out” an implied warranty have rarely been successful. ie 
Plans. —In litigation over a contract to construct a sewer, it appeared that 


4 a , plan showing the work to be done bore certain dotted lines which the testi- i. 


mony showed “was the usual manner of indicating an “existing sewer (53). 
‘The contractor claimed this authorized him to assume that there was such a 
_ sewer and that it would drain off all water flowing into or r accumulating i in the 
excavation during performance. In fact, no such sewer existed. An: action 
was brought to recover the cost of keeping'the trenches dry with pumps. Re- 


covery was denied because of contract provisions requiring the contractor to “aay 


a 


a eS keep all the trenches free ror water while the excavation or the construction 


of the foundations and sewer was in progress. fe This provision negatived the 4 


idea that an outlet for water was to be supplied to the contractor by any existing | 


This ruling was repeated in an almost identical case (55), in which the con- ” 
‘tract also contained similar ‘clause requiring the contractor to keep the excava- 

‘tion free from water. In its opinion, the Court observed that, even if there had 

been a warranty that a sewer existed, there was certainly no warranty that it 


would be “fit and suitable for drainage.” 


era In 1899 the City of New York e1 ntered into a contract to demolish the ie S27 
- reservoir at Forty-Second Street and Fifth Avenue to clear the way for the ae 


construction of the New York Public Library (56). Annexed to the contract 
i a plan which indicated the dimensions of the old reservoir walls, the angle 
i of the slope, and the extent of the excavation and fill to be made. It did not 4 


F however, “show the quantity of material to be removed it in removing the ie 
; and foundation ¢ of the reservoir, or the quantity « of this material that might es 2 


‘utilized upon the site for the filling required by the contract.” The contractor a ‘ 
asserted that i these quantities could be calculated from the plans on the as 


, tee they were correct and drawn to scale. The » plans w were inaccurate i in 
- that they indicated an angle of slope of 1 on 1 when actually it was 1 on 1.51. . 


Ih a for the of: a part of the Aqueduet a plain 


showed the types of tunnels to be constructed (58). ‘Beneath the invert ae 
Testing on the bottom of the excavation, square and round drains were shown. | Fee ar 
These drains were to be installed | so that “the bottom of the tunnel may be f ree. 4 SS 


water and sufficiently dry at all times.” Dimensions were given for a 
aly on the plans except the drains, but their size could be be determined by 


scaling. The contractor contended that a drain of this size could not carry off 
ethan han 70 ) to 80 gal per min. It was therefore, that the drains shown 
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~ = that quantity. Finding it necessary to dispose of as much as 560 gal per min, - 
the contractor sued to recover the extra cost of ‘Arainage and of excavating rock 
Recovery was denied. The Court stressed contract provisions which called 
as attention to the uncertainty of the ‘sub-surface to be encountered and which — 
vel 
ee directed the contract or to provide all necessary pumps, pipes, ‘and drains at 
A An ingenious argument was advanced f for the implication of 8 warranty in 
a case in New York City (60). _The contractor was directed to remove “earth, ait 
rock or other material overlying the sub-grade” of a roadway. rock 
was found, he objected that i its removal was not ; required byt the ‘contract. He 
pointed out that, many years before, the City had let a contract for the . 
_ moval of all rock “overlying the sub-grade,” and that the work done under 
oi that, contract had been accepted by the City. He claimed, therefore, that — 
he was : justified i in assuming that the other contractor had removed all the rock, a : 
and that there would be none left for him. His suit to recover the cost & 


2 the rock was unsuccessful, The Court held i “that the acceptance | by 


City of the prior work was representation of anything, upon which 
4 fe this contractor was entitled to rely’ (61). Of interest in this connection is a an 
decided by the New York Court of Appeals i in 1938, involving tl the construc- 
- ee “tion of | the New York State Building i in the City of New York, wherein the 
‘superstructure contractor was held entitled to recover damages for the 

i occasioned by the i fact that the foundation plans had to be altered to meet un- 


‘subsoil conditions (62). foundation plans, it was said, were 


all ah Engineers’ Estimates.— — Attempts to base claims for damages an 
RR s inaccurate estimate of the quantity of work to be done have been 


unsuccessful. The usual contract ¢ clause stating that such estimates 
i are “approximate only, mi * * are given to form a basis of comparison for testing a 


bids, * * * are not guaranteed to be accurate, and are not considered as a — 


binding feature of the contract,” "is sufficient to the existence 


the warranty, ald Bis lo ono 08 is, 
several cases (63) where recovery for work in excess of the quantities 

included in the engineers’ estimate was denied, the rulings apparently were 

Me: centered around the proposition that the estimates formed no part of the % 
contract and were ineffective to limit the amount of work to be done there- “a 
pes T r. As # corollary t to this proposition, it has frequently been | held that no XS, 

- action can be maintained for loss of profits if the « engineer has pee sens 

the quantity of work tobe done (64), 
Implications in ‘Specified | M ethods.—C 
a an owner impliedly warrants the sufficiency of his plans and specifications to 

construction of a sewer in Yonkers, N. Y. (66). The contractor argued 


4 “that the contract contained « an implied warranty that the sewer tunnel wasto 
_ be constructed in “free air.” The claim ‘Waapeetd on the fact that the contract : 


the imniiad o-warrante that the water to ba handled would not exreed 
4 
4 
q 
— 


SUB 
“set forth v various features of the | construction of 
— could be used only in a free air tunnel.” Those “features” were: (1) The : ia 
5 installation of under-drains; (2) the drilling of alignment holes; and (3) ven- a q 
tilation, concrete work, and care of water to be done by methods suitable only 
ae For 6 142 ft of 8 553 ft of tunnel, the contractor encountered a soft, water- a 
bearing soil which required construction by compressed air. Suit was brought 
recover the higher cost of doing the work in this manner. 4 
ae The Court held that “the stipulation that these free air methods be wd 
was & representation that the job was free air tunnel construction work,” and ~*~ 
that the contractor was entitled to recover. Of the contract pt provisions urged pS 
ck, in defense (67), the Court stated that they could not be assumed to nullify the Ay. oe: - 
- but the Court also observed that the contractor would not have been ee 
- to rely upon the representations if the borings, annexed to the contract, had ae a 
indicated the presence of the water-soaked material. The attempt to advance 
a this argument in defense failed because the testimony did not establish clearly — 
ate it In another case, the contractor argued that a warranty as to the eae 


FLEE 


© f the rock to be ‘removed wi was to be inferred from the fact that the specifications a 1 
s provided for the use of light charges of explosives and for the completion of ae, 2s 


_ entire job 1 within six months (69); but the contention was unsuccessful. — Re- 


‘covery was denied. _ The Court held that no warranty could be implied, eo pan 
“particularly in view of the fact that there is no evidence indicating that by oi 
use of more men and the employment of the task could 
In litigation resulting from a contract for the construction of three giant 
ma) piers in New York Harbor, the contractor argued, among | other * things, thata — 
© warranty as to the nature of the rock to be removed was to be inferred from a 
the fact that vertical faces of the rock walls were to be produced by “dhenneling, Be 
ie or by ‘drilling and broaching” (70). It was argued that a vertical face could not e 
be produced by the methods specified u unless the rock was firm and solid, and 
that, therefore, the contractor was justified in assuming that the rock would be a 
of ‘that type. The attempt to charge the ‘City of ‘New York for the extra 
-expense of removing ‘a large quantity of loose, rotten, shattered, and disinte- 
rock failed. The evidence indicated that the specified methods would 
been prescribed even for the kind of rock actually encountered. 
the provision for ‘ ‘channeling or drilling and broaching” meant nothing 
at all with reference to ‘character of the rock tobe removed. = ‘ 
a _ In another case, a contract provision that “tunneling will not be allowed — >) aa 


5A without the approval of the engineer, and the method of tunneling shall be ae fs 


im ‘subject to his approval,” was successfully used in defense of a claim for eta a 
an ‘payment for the cost of removing an unexpectedly large quantity of rock (71). | ae 
— It was held that the contract clause should have warned the contractor that 
Tock might be encountered and, accordingly, cast upon him the burden “of 
ascertaining for himeelf Leas conditions to be encountered i in the building — 
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(72), the argument f for the of this type « of 


ih the last analysis, case, both past and must its 


- distinctive facts (73); but, in this matter, as in everything, a knowledge of what 
Courts have done in similar circumstances lessens the element of 
ae for the future. Evenif it is too much to hope that risk can be eliminated _ 
_ entirely from sub-surface construction contracts, its existence and extent can 
recognized in advance with the aid of earlier judicial to end 
that t costly mistakes for owner and contractor may be minimized. an ae 


van 

4 


Ber |e. “Engineering and Contracting Procedure for Foundations”: “Manual « of iz 
Engineering Practice No. 8, Am. Soc. E.: p p. 15, “Compensation 


‘for Unforeseen Conditions”; (0) p. 4, ‘“Contractor’s Responsibility”; 
and (c) p. 12, “Borings, or Test Pits” | 
(2) 


Maney v8. Oklahoma City, 150 Okla. 77, 300 Pac. 642 (1981). 


To the same effect, see Sweeney vs. Jackson County, 93 Oregon 96,178 

a ‘ afi Pac. 365, 376 (1919); Nesbett vs. Louisville, C. & C. R. R. Co., 2 Speers s 
(S. C.) 697, 705 (1844) ; Dickinson vs. City « of 75 N. Y. 
‘Where a contract provision is inconsistent with the plans, the former 
usually prevails. See. Dean vs. Mayor, 167 N. 13, 60 N. E. 236 

on (1901); Lentilhon vs. City of New York, 102 Div. 557, 92 N. Y.8. 

ar 897 (1905), affirmed 185 N. Y. 549, 77 N. E. 1190; Cunningham vs. City | * 


of New York, 39 Misc. 200, 79N.Y.S. 401 (1902), affirmed 90 App. Div. = 


606, 85 N. Y. S. 1129; Board of Education, 226 App. 


2g 249, 235, N. Y. S. 30 (1929), affirmed 255 N. Y. 587, 175 N. E. 324. oe 
a ba 0’ Brien vs. City of New York, 15 N. Y. 8. 520, affirmed 65 Hun 112, 1 


Y. 8. 793 (1892), 139 N. Y. +543, 35 N. E. 323, 


but many. ¥ were made with core drills of various The test 
a nae have been left open and may be inspected. There is, however, no ex- ‘ 
implied guaranty as to the of the borings and» 


—_ 


— 
course, if the contractor sown methods ofaccom- 
— ‘ 

— 

| 
4 

3 

| 
a 

— 
his own opinion of the character of the materials to be excavated, Irom 
inspection of the ground, put his own interpretation upon the sound- 5 
ings and borings made by the city, and make such other 


@ 233 N. Y. 177, $e 
(8) Pearson & Son vs. State of New York, 12 Mise. 29, 182 N. y. 8. 481 


(1920); Murray vs. State of New York, 131 Misc. 262, 226 N. Y. 8S. 


Cunningham, Woodward vs. s. State of New York, 119 Mise. 761, 
«197 N. Y. S. 343 (1922); Sundstrom vs. State of New York, 213 N. Y. | 

“4 pail 68, 106 N. E. 924 (1914); ‘Feeney & Sheehan Building Co. vs. State o = 

New York, 120 Mise. 240, 198 N. ¥.8.83(1923). 

(10), The Arthur A. Johnson Corporation vs. City of New York 95 N.Y. L. 

2 3049 (1936); affirmed 251 App. Div. 811, permission to appeal 

(il) City of Lima, Ohio vs. Farley, 7 Fed. (2d) 40 (C. C. A. Ohio, 1925). - 

(12) Bridger vs. Goldsmith, 143 N. Y. 424, 38 N. E. 458 (1894); 
hai _ City of New York, 202 App. Div. 317, 195 N. Y. 8. 925; affirmed in2350 
¥. . 275, 139 N. E. 266 (1925); Brassil vs. Maryland Casualty Co., 
_N. Y. 235, 104 N. E, 622 (1914) L, R. A. 1915A, 629,00 

(13) Christie vs. United States, 237 U. S. 234, 35 Sup. Ct. 565 (1914). ae vy 

(4) 237 U. S., at p. 239. See also, comment on the case in Pearson & Son vs. pe 

‘State of New York, Note 8, and in Elkan vs. Sebastian ‘Bridge District an Ps 


Jackson vs. State of York, 210 App. Div. 115, 205 } 

(1924); affirmed in 241 N.Y. 563, 150 N. E. 556 (1925). 
(16) Stewart & Co., Ine. vs. State of New York, 121 Misc. 827, 201 N. y. mo 
(1923); sfitined i in 218 App. Div. 810, 245 N. Y. 8. 638. od 


(ay) Passaic Valley Sewerage Comm’ TS. 08. Holbrook, Cabot. & Rollins Coe a 
poration, 6 Fed. (2d) 721 (C. C. A, 1925). 
_ (18) The Court, said: “The representations were false in the sense of ie a 
= Bads different from the conditions which, from the borings and the disclosures _ 
made in the O’Rourke and Haskins operations, the Commissioners knew _ 
to. exist. Hac (6 Fed. (2d) at p. 723. ) ilo auld an bewndle vars baa 
(9) McGovern vs. , City of New York, 202 ‘App. Div. 317, 195 N. Y. 8. 925; ES: P 
affirmed in 235 N. 275, 139 N. E. 266 (1925), 
202 App. Div., at pp. 332-333; 195 N. Y.S., at p.937. 
‘ — See Rodgers & Hagarty, Inc., , v8. City of New York (1936), 247 App. Div. % 
«874 (Record on Appeal, Folio 3951-3955); Irving Trust Company, as" ee 
. "Trustee vs. City of New York (1937), 253 App. Div. 714 (Record on ; 
Folio 1176-1178); Allen N. Spooner & Son Inc. vs. City of Newt 
See also Christie os. UL S., Note 13; ‘Jackson ve. State of New York, 
Note 15; Faber vs. City of New York, (222 N. Y. 255, 118 N. E. 609 
| 03) Dunn vs. City of New York, 205 N. Y. 342, 98 N. E. 495 (1912); Leary v0. 2x 
B onal, City of Watervliet, 222 N. Y. 337, 118 N. E. 849 (1918); Semper : vs. 


“Duffy, 227 N. Y. ‘151, 124 N. E. 743 (1919), 
Groton Bridge & Mfg. Co. vs. Alabama & V. Ry. Co., 8 80 162,31 So. 
(780 (1902); Pope vs. United States, 76 Ct. Cl. (U. 8.) 64 (1932). 
5) Elkan vs. Sebastian Bridge District, 291 Fed. 532 (1923). The Court _ 
4 ‘Of f course any one would realize th that the actual subsoil conditions 
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"might, « except where and to the depth shown by the borings, w 5 dimer 
than so shown. The actual conditions were hidden. The borings were 
“merely indications, at certain places and to certain depths, from which 
aes deductions might be drawn as to actual conditions along the line and ee 
a to the depths of such borings. Both parties knew that deductions e 
‘Ae drawn might prove untrue when the necessary excavations were made.” 
ay The Court said: ‘“The question here is who took the risk of these deduce 
: Be tions? Either the district or the contractor must take this risk. Either — 
me could legally do so. Construction of the contract in the light of appli- 
fi ne cable legal principles must determine which did. That the district 4 
--_ made known to Elkan the result of the borings is certain! This was Fa 
it ‘stg done with one of two purposes: (1) To be the statement of a fact (sub- 
: rel soil conditions to be encountered) upon which he might rely and act; . 
thes (2) as useful information which he might accept as sufficient or not as 
ee he thought wise, leaving him to make such further and other investiga- 
tions as he might wish.” (291 Fed.,atp.538.) = 
en Court said: “The bare statement that the boring sheet may be relied 
upon as accurate is entirely different from saying that the sub-soil along 
.ah _ the bridge line is as shown by the boring sheet. One is a statement te 


pest a certain evidence of an ultimate fact exists; the other is a statement that 
he > a ultimate fact exists. The statement here made goes, in effect, little 
further than if the boring sheet had, without comment, been fornished 
* q ‘The exact wording was as follows: ‘“The exenvation of this borrow-pit 
ran oe shall be carried to Elevation 655 D. and I. Datum, or to blue clay, which 
test borings show to be approximately fifteen (15’) feet below the sur- a 
Be face. If the blue clay is above Elevation 655, none of the blue clay shall ni 
excavated or placed in the embankment. (Detroit & I. Ry. Co. vs, 


Guthrie & Co., 72 Fed. (2d) 126 (C. C. A. 1934).) 
a borings had been made, and that they showed blue clay approxi- — ies 
“mately 15 feet below the surface. The issue to be submitted to the 
jury was not whether there was blue clay nearer the surface than 
‘fifteen feet, but whether the representation that borings had been made 

me and they showed no blue clay less than fifteen feet below the surface a4 

was true or untrue.” (72 Fed. (2d),atp.129.) | 


(30) | The contract provided: “From borings and test pits, made at the. site, Bey 
is assumed that rock will be found approximately as indicated on the 
drawings, but the United States does not guarantee the nature of 
materials to be encountered in the river bed, the correctness of the depth | b 
ae of rock as assumed or shown on the drawings, the depth to which it may 
~ he be necessary to excavate, nor that the bottom of the river will not be 
changed before or after commencement of work.” (Bates & Rogers 
ae Construction Co. vs. United States, 56 Ct. Cl. (U. ) 49 (1921).) 
Re Court said: “It would be extending the rule further than the adju- 
os dicated cases have gone, and further than we are prepared to go, to say 4 
OM = that the Government can be held, as upon a warranty, of a condition as —_ 
to which it makes no representation * * * when all it does is to furnish 
drawings which accurately state all they purport to show, notwith- — : 
, at standing it fails to state to the bidder that a hole was bored somewhere 
oe in or about the large area involved at some other time which disclosed - 
that there was a log at the bottom of the Ohio River.” (Bates & om 3 
ca Construction Co. vs. United States, 56 Ct. Cl. (U. 8.), at P. 60. 
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33) Kelly ve. City of New York, ar App. ‘Div. 299, 84 Y. 


affirmed 180 N. Y, 507, 72 N. E. 1144, 
Be (34) Hill vs. City of Beaumont, Texas, 5 S. W. (2d) 590 (1928); . cited in die 4 
senting opinion in City of Dallas, Texas vs. Shortall, 87 8. W. (2d) 844 


(1935). See, also, Jahn Contracting Co. ‘v8, of Seattle, Wash. 

(35) Conners vs. U. 8. 130 Fed. 609 (1904); in Fed. 16 (1905); 

to a see, also, Pawling vs. United States, 62 Ct. Cl. (U. S.) 123 (1926) and 
Cauldwell- Wingate Company vs. State of New York, 276 1 


ue (36) City of Richmond v8. L Kis Smith & Co., 119 Va. 198, 89 S. E. 13 (1916). 


ee (37) Pitt. Const. Co. vs. City of Alliance, Ohio, 12 Fed. (2d) 28 (C. C. A. 1926). 
(38) ‘United Construction Co. vs. Haverhill, 9 Fed. (2d) 538 (C. C. A. 
see, also, same case in 22 Fed. (2d) 256 (C. _C. A. 1927). 
(39) Maryland Casualty | Co. vs. Board of Water Commissioner, 43 Fed. ( dy 


Leary vs. City of Waterviiet, 222 N. 337, 118 N, E. 849 casis 


York, 133 Mise. 131, 231 N. Y. S. 345 (1928). 


Foundation ws. of New York, 238 N. 135 


. 299 (1925); Brennan Construction Company vs. State of New York, ‘i 
Mise. 816, 191 N. ¥.8. 253 (1921). 
(60) Atlanta Construction Co. vs. State of New ‘York, 103 Mise. 233, 175 se 
(61) United States vs. Atlantic Dredging Co., 253 U. 8. 1, 40 Sup.. Ct. 423 i 
‘ on Nounnan v8. ‘Sutter County Land Co., 81 Cal. 1, 22 Pac. 515 (1889) ; ay 
also, Foundation Company v8. State of New York, 233 N. Y.,, at 
p. 185; and, more recently, T. J. W. Corporation v8. Board of Higher See 


_ Edueation of the City of New York, 251 App. Div. 405; affirmed 276 y 


Cunningham vs. City of New York, 39 Mise. 197, 7 79 N.Y.8 . 401 ( 
90 App. Div. 606, 85 N. Y. 8. 1129, 
(54) 39 Mise., at 201; 79 N. S., at pp. 403-40 
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140 02 NE 480 (1010)- Simncon pe United States 172 U.S. 

State 

a2 (44) Faber vs. City of New York, 222 N. Y. 255, 118 N. E. 609 (1918). Gee aes 

— % (45) Hollerbach v8. United States, 233 U. S. 165, 34 Sup. Ct. 558 Oe ys B ™ 

Delafield vs Village of Westfield, 77 Hun (N. Y.) 124, 28 N. Y. 8. 440 

42) United Staté Stnith, 256 U.S. 11, 41 Sup. Ct! 413 a 

(48) Kuhs vs. Flower City Tissue Mills Co., 104 Misc. 243, 171 

(1918); modified in 189 App. Div. 539, 179 N. Y. s. 450. 

aa Be (49) Matter of Semper vs. Duffy, 227 N. Y. 151, 124 N. E. 743 (1919); see ee * 

ee 
— 

— 
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jleman vs. City of ‘New York, 82 App. Div. 136, 81 N. 8. 118 
(Bee, also, Des Moines: Plumbing & Heating Co. vs. ‘Margarian, 201 Towa 
ag ge (56) Lentilhon vs. City of New York, 102 App. Div. 548, 92 N. Y. 8. 897 1905 
a ‘affirmed 18 185 N. Y. 549, 77 N.E 1190. 
7) The Court said: “The plan was designed to indicate the location of the 
walls that were to be removed and the levels and extent of excavation | 
in dt and the levels to which hollows were to be filled; but we think it was not — 
es intended as a basis upon which bidders were to figure the quantities of 
aoa material to be removed, and that the express provisions of the contract 
pe vy and specifications requiring the removal of the entire reservoir structure ath 
were controlling.” (102 App. Div., at p. 557; 92 N. Y. S., at pp. Bs ae 


dell vs. City of New York, 206 App. Div. 68, 200 N N.Y.8.7 705 (1 (1029) aoe 
affirmed 238 N. Y. 623, 144 ‘N.E. 917. 


: “Thus it will be seen that i it was expected that wate 
~ would be enqovuptered but no one attempted to approximate the quan- 
tity. * * * Apparently the amount of water encountered was an element 
~ unforeseen by all parties, and, while one may regret the additional 

_ burden placed on the contractor, that burden arises through no mis- _ 
representation on the part of the city, and he must bear it alone as best 
: he may. . Everything that could be “dane to put bidders on their guard 
as to the difficulties and dangers of this situation was done.” (206 App 
Div., at pp. 92, 93; 200 N. Y.8., at pp. 725-726. 


60) Dunn oe 8. City of New York, 205 N. Y. 342, 98 N. E. 495 (1912). 


61) To the e1 same effect see MacArthur Bros: Co. vs. Tnited States, 25 
Cauldwell- I-Wingate Company v8. State. of New York, 276 365 (1038). 
(63) Sullivan vs. Sing Sing, 122 N. Y. 389, 25 N. E. 266 (1890); Molloy vs. 
Briarcliff Manor, 145 App. Div. 483, 129 N. Y. Supp. 929 (1911); 
_ Weston vs. State of New York, 262 N. Y. 46, 186 N. E. 197 (1938) 


N. E. 116 (1926); Kinser Co. State of New York, 
Pres 204 N. _Y. 381, 97 N. E. 871 (1912); Matter of Merriam, 84 N. Y. 596 
(1881). Cf. Del Balso Construction Corporation: v8. City of New York, 
(65) ‘United States vs. Spearin, 248 U.S. 132, 39 Sup. Ct. 59 (1918); MacKnight — =! a4 
a _ Flintie Stone Co. vs. Mayor, 160 N. Y. 72, 54 N. E. 661 (1899); Filbert | % 
Philadelphia, 181 Pa. 530, 37 Atl. 545 (1897); vs. State 


r, 8 


(66) Mo: ntrose Co., vs. of Westchester ed. (2d) 


67) The principal clauses relied on read as follows: “That where material — 'z 

vies ee “i _ other than solid rock is encountered, containing loose sand or mud, 


_ which shifts with the water contained in it, and the Contractor chooses - 
= to use compressed air to pass through it, in order to partly relieve him a 
thee additional cost of preventing and d caring fc for incoming water 


bets: 
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and material or it, an allowance will be made. throughout 
% the stretch where the compressed air is actually used under the abov 


-_-- gonditions of $30.00 per foot and for not more than six hundred (600) ay. 
peo feet of length, where actually used, regardless of whether more be used ,_ 
Maximum “partial compensation for labor, plant and “materials: 
e under compressed air when and if actually used as specified, but not in S. 
excess of 600 ft in length and Thirty and no/100 dollars ($30.00) per a 


68) The Court said that the contract provisions: “* * * cannot be given the a 7 
a effect of completely negating the representations in the plans that the ‘ ae 


tunnel was primarily a free air tunnel. They might have been effective | 
to limit appellee’s liability if the work had required somewhat more == ~ 


sit 


. ¥ than 600 ft. of compressed air, but in point of fact, there was 6,142 = 
to be so built. These clauses cover & variation, not a transforma-_ 
Golden & Son, Inc. vs. Marblehead, 68 Fed. (2d) 875 (C. C. A. 1934). 
| (70) Allen N. Spooner & Son, Tne. v8. City of New | York, 97 N. ¥.L L. J. 1439 7 
Re : @ Matter of Keep, 138 Misc. 194, 245 N. Y. Supp. 321 (1930); reversed wk i 
‘Sam other grounds, 237 App. Div. 377, 260 N. Y. Supp. 237; affirmed in 262 ; Star 


ie (72) Meads & Gam. City of New ‘York, 191 App. Div. 365, 181 N. Y. sop 


Cauldwell- Wingate Company vs. State of New. York, 277 N. ¥... 365, at 
; The Circuit Seder said, in his decision favorable to the contractor: “Tam 

to believe that these prior investigations could have been obtained 
yy the defendants and, in every sense of the word, should rightly have 


in the possession ‘of the complainants so they might be correctly 

oooh _ guided in their proposal and estimates on the material to be handled. _ 

The suppression of all such prior information unquestionably worked a 
4 hardship, if not a fraud, on the complainant.” (Citation Vol. 89, | = Ta 


ag 
oa _ (75) The Court of Appeals reversed the lower Court, stating: “Trustees are not ao 
600 bound to exercise diligence to obtain information concerning the nature 
ES 4 a or cost of work for the benefit of bidders with whom they deal at arms ba 
— o wh aber length * * * and a contractor, for the excavation of a section of the ie? 


f a drainage canal, is not entitled to a rescission of his contract because he _ 
ss encountered a substance more difficult and expensive to excavate than he 
> —_ he was led to expect from an examination of profile and data ee Na 


300;000 in the office of the Chief Engineer. Joo! 19q (00.063) 
bus Furthermore, there was “No provision in statute * which 
clipe quired that information concerning the nature of the materials to be | 
tf aa excavated should be collected for the benefit of the bidders, and Te : 
such duty on the general principles of law or equity there is no founda- 
in authority or reason.” (Citation 91, Federal Reporter No. 511, 


(76) The Court declared as follows: “On this appeal, defendants strenuously 

contend that the evidence shows that plaintiff drilled the greater portion 
of the time through shale and that the terms ‘rock’ and ‘rock aoe 

tions’ do not include shale. support this pro- 
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SUB- SURFACE conrRAcTs 


4 = 


that ‘shale’ is not oil The trial court 
_ interpreted the term used in the contract in its general sense and refused — 
ola - to interpret it in the limited fashion suggested by the expert. We a 
= ~ ai, agree with the interpretation of the trial court * * * the term ‘shale’ 
a is defined as rock formed by the consolidation of clay, ‘mud or silt, 
having a finely stratified or laminated structure * *, *. Under the aah 

circumstances, the general and popular meaning of the term is reason- 


(78) L. P. & LA. Smith v8. United States, 256 U. . 


a E 9) Bt. George Contracting Co. vs. City of New York, 205 N. Y. 121. : 


The contract contained following concerning th the use of 


a Contractor hereby agrees to receive and as anid for his 

aes ae full compensation for furnishing all the labor, plant and materials for, i a 
and building, constructing and fully completing and maintaining see bg 

i, 2 months all the work called for under this ¢ contract and for all the ‘ak a 


Pat cations and as shown on the plans of the work referred to therein, th _ 


{ 
oved ylidd 78-inch sewer in tunnel complete as indicated on the plans and oe 


"specifications of this Contract, including shafts, portals, boat hole, 


oo alinement holes, sewer connections and all their appurte- 
ances; except. only any partial compensation for compressed ait air 
E used as listed in item 2 below; @ Nine hundred six y-seven thousand — ~ 
Maximum partial compensation for and material under 


i 


ta bua. 
$985, 000. 00 


ae “The above total includes all excavation, backfilling, waterproofin ng, 


masonry, concrete, reinforcement, forms, pipe, underdrain 


i sheeting, shoring, forepoling, timbering, piling, foundations testing, 


‘ 
maintenance, plant, ‘materials, insurance and all other things 


4 
4 rock includes 
4 but in the oil field parlance the term refers to hard __ i 
b 
ag 
ia 
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“That where material other than solid rock is encountered, containing 
loose sand. or mud, which ‘shifts with ‘water contained in ‘it, and the 
eet iis 4 Contractor chooses to use compressed air to pass through it; in order > ql 
a Sixes to partly relieve him of the additional cost of preventing and caring” ag a aa 
lidar for the incoming ‘water and material or restraining it, an allowance will aa 
4 made throughout the stretch where compressed air is actually used. 


| 


| 
4 | hy under the above conditions of $30. 00 per f foot and for not more than 
600 feet of length, where used, Tegardless of whether more be 
& (83) 191 App. Div. 205, 181 N. Y. Supp. 137, aff’d 231 N. Y. 564, 132 N.E. 890. 
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a Ha of the Construction Division of the on 
mia Engineering, presented a a which, subsequently, was published as Manual — 
of Engineering Practice No. 8. The object of this work ‘was: Shows” 
* to establish fair and equitable practice, and to correct undesirable 
Eats - procedures and abuses in the relations between owners, engineers, and con- __ 
tractors concerned with the design and construction of bridge foundations.” 


aoiee It is gratifying to note that the author credits the manual of practice with — 


eliminating “much of the costly uncertainty involved in underground construc- é 
tion, with corresponding benefit to owner and contractor” (see “‘Synopsis”). 
ae He emphasizes the need of carefully worded specifications, but this doesnot __ 
carry ' with it the placing of all the burden on the contractor, as has been clearly | 
ts stated. It is now considered best practice to give the engineer means and © 
= authority to obtain reasonably ’ ful ull and complete i information of subsoil os a 
tions, and to be responsible for such data. E 
-_In 1912, while conducting studies preliminary to the design of the Lake a 
Street double-deck  bascule bridge | for the City of Chicago, Tll., the writer found t. : 
-, information of borings made on each side of the river, about 250 ft apart, 4 
a showing rock at Elevation —75.0 ft. That rock should be at such an exact a 
uniformity of elevation raised a doubt i in his mind as to whether it was bed- 
rock. — ‘New borings were ordered and confirmed the occurrence of rock at ' 
Elevation —75.0, but 4i in. thick; so the driller continesd down and founs 
‘The a author has aaah a number of border-line cases anal the effect, on te 
of the presented by the illustrated in ‘the Fort 
Smith case | (25). 
engineer must set himself u up p primarily as ar as an shana judge, fair to both owner ag 


i“ and contractor; otherwise a contestant does not reach conclusive knowledge of ee 


ae 


4 
| 


information, but there were ‘some additional il borings referring to 
material as “very hard,” which borings w were not shown. About 12 ft below 

— as ae surface, the contractor found conglomerate rock, formed of boulders and 
= clay cemented together, which had d to be drilled and blasted and broken up 
before it could be shoveled. _ A favorable decision by the Circuit Court (74) 

om in this case was later reversed by the Court of Appeals (75), ts” 


ee met _ Engineers, generally, would consider t the e decision of of the Circuit Judge in this 7 
ease as representative of good law and common sense as against the seaman 
and Contracting Procedure ‘for Foundations,” Am 
C. E., 19 p- 8 
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Ee 8 very able lawyer tempered it by the remark that, although law in itself 


> the cases mentioned i in the paper, the writer can cite the following as a com-- 


a - advertised and the bids of four contractors ranged from 59 cents to 75 cents ia 


a 
My and 49 cents for Sections 2 and 4, respectively. There were, perhaps, two — 
a ee Trustees, , no doubt, were willing | for the contractors to ‘recoup some of their — ; 
losses, whereas the contractors, having their plant on the ground, were will- 
i ing to make what appears as a low price rine cee: to the bids of the other 


: ideal to toward which the engineer should strive in’ the preparation of a con- s 


A contrary case of a decision ots a lower sign a 

Court on a rule of reason is that of Schiltz vs. Akers, et al. Action was brought 
2 by the plaintiff to recover the sum of $7 550, alleged to be due from defendants — 
under the terms of a wsitten contract for drilling of oil wells. The contract 


x provided, among other things, “that in the event [and this is the important — 


feature of the contract] rock is encountered in drilling any of said wells ‘plain- 
4 tiff agrees to drill one foot through the same without extra compensation, but. 4 
beyond that defendants agree to pay $75.00 per day extra compensation for es 

each day of nine hours required in drilling through all rock formations.’” am vty 

The lower Court ruled in favor of the plaintiff, and the decision was confirmed a. 


oor a young man the writer had a feeling of awe for the Supreme Court, until 


was an exact science, the interpretation by the Supreme Court was by some 
very human individuals. Contrary to the legal technicalities involved in some 


‘a 


: mon sense solution of a very difficult problem: On the main drainage canal from 

ve Chicago to Lockport, Ill., one firm of contractors had Sections 2,3, and4 at 
Lemont, Ill., the original contract calling for 27 cents and 28 cents per eu yd - 
~ for glacial drift. . The indurated clay was found to be almost as difficult to 
excavate as and, therefore, mutual consent, the contract was Tre- 


ples 


_ per cu yd for the same sections. The Chicago Sanitary District, however, b ea i 
ff finally made a new contract with the original contractor on the basis of 50 cents M; 


valid Teasons for & rer renewal of the contract on the terms mentioned. — The — 


ia The author has presented a most valuable list « of case material for study “a. 
‘every engineer and contractor engaged insub-surface work, = 


Prepericx W. Newrow;' Assoc. M. Am. Soc. C. E E. (by letter)—An 


‘struction contract. * The engineer is required to work with tools. at his 


of conditions which he would like to a 


4 - complete investigation that should be made by an engineer before advertising — a 
contract means more than simply ‘making such borings and soundings as 


; are | necessary to determine the stability of the structure. It is ‘recognized — 


i in some cases such complete investigation is sah 


n preparing 
a ‘contract, ‘the engineer may make ‘the best use of sn as is 
§ pareee to him. The paper places too much emphasis on the wording of 


* Supreme Court of California, Vol. 292, Pacific Reporter 463, October 20, 1930. 
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enough on the facts. The statement in the that 


‘i a other” is, to say the least, subject to question. Mr. Herwitz presents many os 
= where, in two or more cases involving contracts with the same or re 
similar specifications, the result has been that in one the contractor was 
. : awarded increased compensation and in others the increase was denied, 
_ The fact is that the Courts have endeavored to decide each case on its seg 
merits, In practice, a case is first decided and then an opinion is written 
> explaining the decision. In most of the cases the exonerating clauses have _ 


been urged as a Hence, these clauses are discussed in the opinions 
+ 


vat. 


a of the Court but, with the exception of a few cases in which there have been 
provisions of the contract or specifications relating to the particular matterin _ 
suit, it will be found that the facts, not the contract clauses, form the real ee 
gn The author recognizes this fact in his “Conclusion.” He states that, in Le 
the last analysis, each case must rest upon its own distinctive facts. | That ce 
being 80, & discussion of this ‘subject should direct attention to the facts that Be 
ave led to litigation i in the past, in order that a repetition of those facts may oh ‘ 
avoided in the future. No} exonerating clause can be drawn which will . bal 
void the result of carelessness, negligence, or r deception i in the preparation of avs : 
Contract Should Describe Work Correctly. —The first and | most important 
rule for the engineer who is preparing a contract is that the work to be done Ey 


bidder looke+first_ at the “description of the work” and | next at the bidding 


‘He makes a a proposal for doing the work which the contract describes. 


ae If he is s required to do more expensive work, he is usually entitled to increased _ 


Where the the “earth excavation,” the con 


i tractor was entitled to additional compensation for excavating rock, Maney v8. 


aS Oklahoma City (2); a contract that called for the excavation of earth, ‘hard 
= ‘7 pan, rock, etc., and defined each of these materials, did not include the excava- ‘a 
tion of adobe or gumbo where it was shown that these materials were not 

q - included i in the definitions, Sweeney vs. Jackson | County (3); a contractor who be 
had undertaken to construct a tunnel in rock was entitled to additional com- _ 
a _ pensation for a part of the tunnel that was in loose earth and water and required — 

the use of compressed air, McGovern vs. City of New York (19); a contractor 
a" 4 who had agreed to construct a tunnel in free air received increased compensation . 4 
? i ‘ because he had to construct it in compressed air, Montrose Contracting Com- © 
_ pany, Inc, vs. . County of Westchester (66); and, & contractor | who had under- — a 
= to construct a tunnel in solid rock with gunite lining received additional vt e 
compensation because he was required to excavate the tunnel in loose 
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The cases in which th 
ich the contractor 
a a. are not the only ones that sh tor has received additional compensation — +. 
show the importance of a cl d 


are persuasive because, if the « engineer had sufficiently 
careful in the preparation of the contract, the owner would have been saved _ 
annoyance and expense of long litigation. In the case of Dean vs. 
ss of New York (4) the contract described the work as the grading of Dyckman 
= ‘Street from the Hudson River to Exterior Street. The drawings showed only _ ca 
ed ‘a part of that work. It required litigation that went to the Court of Appeals _ 

to determine just what work the contractor was required to do. Dickinson — 

ys. City of Poughkeepsie (3) is one of many cases that involve the question 
whether a contractor for earth excavation is required to excavate hardpan. ie 
This difficulty may be overcome by taking bids for all excavation without 

classification, or by a sufficiently broad definition of “earth excavation,” 

 byr requiring that the contractor bid a separate unit price for hardpan excava- 

: tion. In Barash vs. Board of Education (4) there would have been no lawsuit 
ae _ if the architect had been more careful to specify, fairly, the work that the i. 


‘was required to do. The contract required the 


ay 


Kalameined windows in all openings from a light shaft in an existing building. __ 

ms It was not clear whether this referred only to openings that the contractor ee 
€ was to make or to all openings, including those which already had windows. _ 
Bidder Must Inspect Site. —The foregoing does not that a bidder 


“4nd Street and Fifth Avenue, the site later occupied by the New w York Public 


fy He did not attempt to ascertain what the actual slope was although he might so 4 
p> easily have done so. In Jahn Contracting Company vs. City of Seattle (34) - q 
a contractor for a sea-wall blindly relied upon a drawing made long before the if b 
grading of adjacent streets. A mere walking over the job would have shown a i 


: that at the time of bidding the streets had been graded and that the line on a 


Representations Concerning Conditions Affecting Work.—After the contract 


by soundings or borings, or to the sources of oR of materials, or to other 
It is Tecognized ‘that, in general, the giving of to bidders 
results in lower bids for the contract work because if bidders do not 


have the information, ‘they are certain to make liberal allowances for Sg 


E cost of the work. - Such information ‘may relate to subsoil conditions determined x 


tingencies. It is recognined,” also, that engineers are subject to the for aa 


pe to make the contract appear attractive to bidders. In facing this situation —_ 


‘the Courts have beng 1 certain rules which are 'e undoubtedly fair and d equitable. hl 


— 

— 
§ 
‘a 
a 
e ‘tacts that he Knows or should Know and which would demonstrate that the ae fa 
ae description is inaccurate. In Lentilhon vs. City of New York (4) the con- a 1% a ae 
a 
4 
— 
ug 
| 


NEWTON ON SUB-SURFACE conmmacts 


Borings. —It will probably. be: most. helpful to ‘discuss first the matter 

os borings. If borings have been made, bidders for the work should have the _ 


_ advantage of such information a as those borings disclose. kt The ) question for a 


— 


4 engineers” use borings, they draw lines from one to 
= assume that between the borings the material will be substantially the ¥ 
same as that indicated by the borings. The Courts have recognized that this fe 

Se is not always in accord with the fact. The Court Tuled in Elkan He 

ea Ae vs. Sebastian Bridge District (25) that the giving of borings is not a eon ae 

; a of the condition of the subsoil between the borings; and that all the owner 

ie warrants is that the borings have been correctly shown. — In Groton Bridge 

Manufacturing v8. Alabama and Vicksburg Railway Company ; 


made near but outside the location of The had 
plotted correctly, but there was a dip in the strata between the borings. 

- odoin Detroit & I. Ry. Co. vs. A. Guthrie and Company, Inc. (28) the speci- ee 

- fetions stated that the borings showed blue clay in a borrow-pit 15 ft a 

ae _ the surface. The contractor found it much closer than that to the surface, 

: a. but he failed to show that the borings were in error or that at the site of the E 
aan _ borings the clay was less than 15 ft from the surface. The Court ruled that ve 

i. ‘An eal the fact that clay was found near the surface was some evidence that the i Re 


ae were erroneous, but that, standing alone, such evidence was not sufficient. _ 3 


s _ The engineer ms may safely give to bidders all of the boring information in 


possession, ‘provided it is given accurately and without 


which the contractors were nist allowed to recover increased compensation are are 
, a Company vs. State of New York (7); Pearson & Son Ince. vs. State 


of New York (8); and The Arthur A. Johnson Corporation vs. City of New York | : 
em AY similar situation is - presented i in Murray vs. State of New York (8) a 
but with the a added fact that by reason of prior contracts in the same Vey 43 
¢ the contractor was s entirely familiar with conditions and wa was ‘not in any way 4 
= misled by the borings. _ Irving Trust Company, as Trustee, vs. City of New | 
(21) presented an ‘instance ‘in which the boring information shad been 


given | to the bidder exactly | as it was received from the boring contractor. by 
The borings were inaccurate but the Court found that there was no proof a 


the city was aware of any condition different from what the borings 
showed, and disallowed the 


ie daa clear illustration 1 of the advantage of telling bidders just what preliminary 
= ‘investigation has been made is found in Kelly vs. City of New York (33) in 
which the contractor was denied a Tecovery notwithstanding the fact that a 5 


“probable surface of rock” shown on the drawings was incorrect. The contract a 
described, , correctly, the preliminary investigation that had been made, stating ed 


ay Bi that some rod soundings had been made and the results were shown ¢ on | the x 
plan but were not warranted to be. correct. This ‘told the contractor exactly 
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had The earth beaver was not deep and he checked 

soundings if he had cared to do bor puldémity 

Se te An engineer r who furnishes borings or - boring information to a bidder m must 

exercise care that he furnish all of the information without distortion or — 
concealment. _ If there has been distortion or ¢ concealment by which the 
contractor has been damaged, he is 3 entitled to recover his damages. Cases. of 

a this kind are Christie vs. United States (13); United States vs. Atlantic Dredging 4 

Company (51); Jackson vs. State of New York (15); Stewart and Company, © 

Ine. vs. State of New York (16). In the Christie case (13) the engineer who 

7 recorded the results of the borings had neglected to record logs and stumps te “ 

encountered, which he considered of no importance. the Jackson case (15) a 

‘ the State showed the results of one set of borings, but failed to show a i a 
made some earlier which indicated hard material. In 


= they had encountered hard material, he nevertheless | put - in the contract the 
statement that the sarge was believed to be mainly mud, or mud with an 
admixture of | fine sand. In the Stewart and Company case (16) the State +. 


gave information indicating soft material but withheld other ‘information 


In these cases the giving of ‘erroneous eres the withholding of  . 


information was not necessarily —_ intentionally or with fraudulent motive. 
Ih fact, in the: Christie | case (13) there was no question that the 


ain an 
Statements Concerning of Supply ¢ of Materials. —The cases relating 
p to the source of supply of materials for highway work show "again that 
decisions are based on the facts ‘each case ratl 


Sit ai 


iJ Tn Gross and | Son vs. State of New York the representation was made 
on the contract drawings that stone would be found in a ledge near a veertgin 

F station. By a provision of the contract the contractor warranted that he bed a ; 
personally investigated the local sources of ‘supply. He had made no such 

investigation and when he went to look for the stone after the contract was ba j 

made b he found a level field with no sign of stone. He wrote to the engineer 

a that he had “assumed” that the information on the plan was | correct. a : 


required that he.personally investigate that particular matters... 
| ee In Atlanta Construction Company vs. State of New York (50) the contract 
contained a similar statement and the contractor recovered additional 

= pensation because afterward ‘it developed | that the land on which the stone 7 = 
Was located was in the possession of a life tenant who did not have the right — 

_ to sell the stone. The difference between this case and the Gross case (49) ¥ 

ie that in this case the bidder had done what the contract required; he had 


4 not penetrate to the full depth of the excavation required; and, although the ae 7 
a = 
a 
3 


< 


by: 


eas 
New York (49) are cases in which the State bidders the reports 
. of the probable location of materials, made by its field engineers to their 


superiors. ' The Court said that such reports were “‘suggestive merely, directing 
a him (the contractor) for inquiries to what the sate considered the nearest 


. 


= oda An instance of a special provision that proved a bar to a recovery by a ae 
sub-contractor occurred in Kuhs vs. Flower City Tissue Mills Company (48). 
bi 3 The contract provided that good gravel would be found in the excavation, ia 
‘ one but if sufficient gravel were not found, the sub-contractor should furnish gravel Ge 
of equal quality. There was some gravel but not enough. In obtaining 
gravel from other sources the sub-contractor had done no more than he had 


Pie Other Cases I nvolving Representations.—Other cases in the group i 


oar teal by lawyers as “breach of warranty” cases show the necessity for both . 
i care and good faith in the ‘making of statements 0 or representations which pare 
affect the cost of the work, = iy 


We 


leading case is “Hollerbach 08. United ‘States (45). facts are 
stated in Mr. Herwitz’s. paper. ‘The lesson for engineers is ‘that no general 
A % exonerating clause will overcome the effect of a positive statement negligently _ 
| a wed or carelessly made in a contract. _ Another application ¢ of the rule is found in 


the two foregoing cases the engineers did not know that 
were wrong; but the statements had been made carelessly. _ Passaic Valley 
Sewerage Commissioners vs, Holbrook, Cabot and Rollins Corporation (17), 
os the facts of which are stated by Mr. Herwitz, presents a situation in which © 


oe engineers did know that the borings did not disclose the true condition. on 


‘They knew that the presence of the cemented formation was essential to the — se 


aL _ prosecution of the work; and, they knew that in the two prior attempts to 
build the tunnel this formation had not been found. Their attempt to shift 


r ‘the burden to the contractor received from the Courts the treatment which 


Representations as to Ground Surface Elevations. —There are two cases in 


_ which the facts are very similar; in one the contractor recovered; in the other 3 
the architect and Board of Education felt that the contractor should recover, J a 


but t they were overruled by the Courts. The first of these cases is Pitt 
yen Construction Company vs vs. City of Alliance, Ohio (37) in which the Court held: _ 


determine that those elevations “were ¢ correct; and, when it was found that 
mM they were wrong, that he should have additional compensation. In the 
Ng case, TT. J. W. _ Corporation vs. Board d of Higher Education of the City of 


a = ne Were was a similar error in the elevation of | ground su recs 


= 


That the contractor was entitled to use the ground-surface elevations given on og F 
a EY a detailed plan for the work; that he was not ‘Tequired to make a survey to 
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checking the elevations although it did contain the us usual clause j in regard to 
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A similar result was in vs. United | States (35) where the 
contract showed approximate rock levels but contained a provision that the <a 
bidder must as to the accuracy of these levels and to rock 
4490 Equality of Opportunity—Throughout many of the cases on this subject — a 


there runs the question of “equality of opportunity.” If conditions are such 
that the bidder’s opportunity to know them is as good. as that of the owner, the eS 4 4 
Courts hold that the bidder should have taken advantage of that opportunity. — 
In Odell vs. City of New York (6) the contractor complained of an excess 
t quantity of water encountered in the construction of a part of the New York “ee 
+ City Aqueduct. The Court | found that not only was there no representation — 
_ of the quantity of water that would be encountered, but also that at the time — Re 2) 
r of bidding, test pits along the line were open and the contractor had as much es Ri 
opportunity as the City to estimate the quantity of water, It did not appear 
_ that either party had made any attempt to measure the flow. In Faber vs. 7 a 
City of New Yo ork (22), on the other hand, the Court held the City responsible ; 
“A - for an error in the elevation of rock, as shown by its borings, o on the ground 
that the rock surface was far below the bottom of the river. and haat sae a 
K contractor could not have been expected to make borings, = | 
ue a It should be noted, however, that a provision that the contractor Te ca 4 


" ‘inspect the site does not require that he make borings or other investigations j an 
a _ to determine that positive information given him in the contract is correct. 
‘For example, i in the Hollerbach case (45) the court remarked that the eeontractor — 
might have ascertained the true nature of the material back of the dam by the her 
_ simple device of making rod soundings, but in view of the positive : statement in . a 
4 the contract, he was not required todoso, bing: naar? 
bar The rule seems to be that a contractor may rely upon the accuracy of q 
grades, including rock-surface elevations, given him in the contract; but 
% if the contract expressly requires that he check such grades or elevations, and Ps ie 5 
if the conditions are such that he might reasonably have done so before bidding ~ a 


_ but he has failed to do so, he should not complain if it is afterward found that na i¢ 


the e grades or elevations were in error. understood, , of course, that this 
statement is not in a case that involves deception. _The author 


a 


fraud, City of Lima, Ohio vs. ve. Farley (11), Bridger v8. Goldsmith (12). 


sf id the contractor to rely upon information obtained from prior contracts. 


, Dunn t vs, City of New York (23) shows that a bidder, ¥ who looks at a prior 
contract and assumes without investigation that the work required by 
_ contract has been fully performed, does so at his own risk. In that case _ 
Paving contractor assumed that the grading had been done under a prior 
wii His own contract required th: that he do grading and he. could sony 


ve 
= 
a 
ae 
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nate ascertained whether or not any grading w was necessary. Court held 


contract, did not constitute a representation on which he could rely. 
‘ Cauldwell-Wingate Company vs. State of New York (35) the specifics 
a bios tions for the prior contract were referred to in the claimant’s contract. The 
he contract was one to build ¢ the superstructure of the State Office Building in 
x —— York City. The prior contract was one to build the foundations. toa 
SS cause of unexpected sub-surface conditions, additional work requiring nearly 4 
:, ar year for its performance was required of the foundation contractor, and this ‘ie 
delay increased the cost of the superstructure. The contractor for the super- 
structure recovered, notwithstanding the contract provision that he should 
. not be entitled to damages for any delay from any cause, including the act or a 


wee 


| 


Cases in Which There Was No Representation. —To establish a claim for 


: increased compensation on account of an alleged breach of | Warranty the 
i mS contractor must show that information has been given to him upon which he 
is — in making his bid and that such information was erroneous. He must 5 

show also that he had a right to rely on the information. _ ‘The claims of the 


ea 


— 


a a contractors in several of the cases cited by Mr. Herwitz failed because no Es 


. An example of this is Allen N. ‘Spooner and Son Inc. vs. City of New York 
BS rae, - (21) in which the contractor complained that he had encountered loose rock 
= in the construction of a pier. The City had shown two typical cross-sections, =— 
- a Sy one for solid rock | and one for loose rock, and had stated in the contract that bs t 

noeoreboringshadbeenmade. 
_-In another case, Maryland Casualty Company vs. Board of Water Com- a 
ae _ missioners (39), rock grades were shown on the plan but specifications required 
OF q that the excavation be carried to ) the grade shown or to such increased depths 
a) may be necessary to obtain a firm foundation. The contract contained 3 .s 
a separate unit price for extra excavation below the grade shown, and this _— 

a of price had been paid to the contractor. — The Court ruled that this ‘Dogatived 4 | 
” the idea of a representation that the rock would be at the grade shown, and Se . 

a4 that the — had received all of the compensation to which he was i t 

= Simpson vs. United States (41) the work was done according plans 


which the contractor had himself prepared without any information whatever 


4 


wae 


ex 

from the United States as to sub-surface conditions. It was his responsibility, 
a zn not that of the United States, that the design was not suited to the conditions 4 
Weston vs. State of New York (63) was @ case in which the contractor i 

claimed increased compensation because he was required to excavate more 


Tock than was indicated in the engineer’s estimate . He had been paid the 
-Tock-excavation price for all rock removed. - The Court ruled that as there 4 


= no claim of deception, inequality, or inequity, the contractor was ‘not 


= 

: 

4 

4 

‘ 

&§ 

&§ 

4 

a 
4 

ie 

is 
‘under a unit-price contract where there has been an increase in the quantity 

¥ 


= 


ones is so great as to change, radically, the nature and cost of the poner bent 


> _ Specifications Should Describe Finished Work, Not Methods of Construction. 


= ~The aforementioned cases have dealt with representations as to the work to 


be done or as to conditions affecting the work. There is another group of ie 
cases that should be helpful to engineers i ‘in the matter of drafting specifications. — 


E A contractor who has done the work according to the specifications is entitled — 
e to be paid the contract price although the result may not be what the owner | : 
Com In three of the cases cited by Mr. Herwitz, MacKnight Flintic 


Stone Company vs. Mayor (65), Filbert vs. Philadelphia (65), and Kuhs vs. ne (ill 
Flower City Tissue Mills Company (48), ‘the owner sought to obtain water- 

- tight construction, and for this purpose gave to the contractors specifications = 
which described in detail how the work should be done. (3. In each case the 2s 
_ contractor had done the work according to the specifications, and i in each case ae) 


In another case, Montrose 
Westchester (66), the owner had the methods to be in the con- 
| aaction of a sewer tunnel. It was shown that those methods were appro- x 
: priate for the construction of a tunnel in free air, but not for one in pmavereet 
air, and the Court held that the specification of those methods constituted a 
Mr. Herwitz has presented two cases which involved the same legal 
has principle as the foregoing cases, but which relate to the plans rather than to 7 +a Ke 
the specifications. In United Construction Company vs. Town of Haverhill ame : 
_ (88) the Court held that a contractor who had built bridge piers to solid ledge, = a g 
“atthe depths indicated on the drawings, was entitled to be paid even if the piers . 
% were washed out in a subsequent storm. In United States vs. Spearin heel ol at Z_ 
_ the Court held that a contractor who had constructed a , drain and had con- = a 
_ nected it with an existing drain, as required by the plans, was entitled to the ; = 
_ damages suffered by reason of the fact that the existing drain was not sufficient tse y a 


to carry off the water which accumulated on the work during a storm. as Havtaq 
P Es ‘is responsible for the sufficiency of the drawings and specifications. If, because = = 


of The principle that underlies all of the cases in this group is that the owner 


of defects in the drawings or specifications, the completed work is defective, 
or the expense of doing the work has been increased, or the contractor has been _ 
to bid too low a price for the work , the responsibility is upon the 
te Nes Questions Arising During Performance of Work—Mr. Herwitz has also 
_ cited a group of cases involving questions that have arisen during the - = 
formance of contract work. The questions presented do not relate to = ’ 
48 assumption of risk of subsoil conditions, which is the subject of Mr. Herwitz’ “ om 
_ paper, but they are of such importance to ) engineers and contractors that it is 
fortunate that he has considered them. | sinter 


The first of these questions relates to the engineer’ s final certificate. . Nearly — , 


usual case such increase does not entitle the cor 
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4 no | doubt that if the ‘certificate i is ‘made i in 1 good faith and i in ecscrdahes with i 
i the terms of the contract, it is conclusive, and the contractor cannot recover 2 

<b as payment under the contract more than the sum certified, O’Brien vs. City pe 
New York (5) and United Construction Company vs. St. Louis (32); but, 
the Courts are convinced that an injustice has been done either because | the “ 


and to determine for themsdives the sum due the contractor, White vs. United | 
g = (77), L. P. & J. A. Smith vs. United States (78), St. George Contracting | 
Company vs. City of New York (79). The ‘rule is firmly established that the 
P : - final certificate is not a bar to an action for damages for breach of contract or — 4 
= of of warranty in the making of a contract, Kuhs vs. Flower City Tissue ‘ 
Mills Company Faber vs. of New York 


or additions to o the work, or elimination of parts of 
eS _ the work. If the work is rendered more expensive, whether because of unfore- 4 
seen conditions existing when the contract was let, as in Faber vs. City of New — 
s York (22), or because of ; any act or neglect of the owner after the making of ee? 
the contract, as in Sundstrom vs. State of New York (9), Feeney and Sheehan 
a, Building Company vs. State of New York (9), Thileman vs. City of New 
a A York (55), the contractor is entitled to increased compensation. In such ¢ case 
a a no written order is necessary and the sum recovered by the contractor is — 
technically recovered as damages, not as payment for extra work. gt 
@ oe: ‘The elimination of work frequently results in hardship to the contractor ae 
a i: because i in making up his bid he has apportioned his indirect ‘cost, overhead) =. 
x and profit over the pay items of the contract. The elimination of work does a 
usually reduce the amount of the contractor’s indirect cost and overhead, 
ap and it certainly deprives him of a part of his undistributed profit. — Notwith- , 
2a standing the hardship imposed, . the Courts do enforce contract provisions ee : 
permitting the elimination of without liability for anticipated profits. 


hol 


s _ Kinser Construction Company vs. State of New York (64), and in the case of 2 
New ‘York City subway contracts, the Courts | have enforced a that 


contract p provision permitting « omissions in mind in calculating his overhead 
; when preparing his bid. Even if the bidder does have it in mind, however, ‘7 ; 
. what can he do about it? He cannot foretell what | items will be omitted, and Fs: s4 
certainly the City will not want bidders to add a contingent item to’ cover — 

a possible omissions of work. In view of this decision, the Board of Transporta- _ a 
<a tion, City of New York, should revise its omission clause, or, if it wishes to a 
retain the right to omit parts of the wor work, it should make provision 
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NEWTON ON sUB- -SURFACE 
of these cases would not be complete a 
restatement of the rules to be observed by the engineer, and other rules tl 
4 should be observed by the contractor. Among 
a (1) The “Description of W ork” in a proposed contract must describe, Bo 
correctly, all of the work that the contractor will be required to do; 
he (2) All available sub-surface information should be given to bidders s with | aa 
complete information’ as to how, when, and by whom such information w was 
(3) A general statement sub-surface conditions should not 
made unless it is known that such statement is correct; be 
ae (4) An owner who has given the contractor inaccurate or incomplete boring 
information i is apa even if the boring information is not — part of ae 


Psa (5) A contractor is not required to make surveys, soundings, 0s or borings .2 


(6) The Courts do not look with favor upon a one-sided contract, 
attempts to shift all of the risk to the contractor; 

‘4 (7) If there is a ‘subject as to which information is not complete and as to 
x which it is intended that the contractor shall assume the risk, | the ‘contract — a 


- should refer particularly to that ‘question and the risk to be assumed should 


— (8) The specifications | should tell: a contractor what he is to do; . they should | 


‘The entire e contract and specifications should be studied with particular 


00) A bidder should always inspect is charged with knowledge 


(DA bidder i is not usually required to mahi borings or 


- investigation, particularly if that work has been done by the owner; but the ik 
bidder is required to make any. which time and 


(42) Unless a prior contract for hart on ie site is referred to in the contract a 
4 for which a bid i is being made, the bidder i is not justified in assuming that the 


work | has been done according to the drawings and specifications of such : prior 


3) The owner is primarily responsible for the sufficiency of the drawings — 


and specifications; but this will not protect the contractor if he knows, from ae 
f: facts presented | to him or facts that were visible when he made the = 7 ae 
hat the drawings and specifications w were re not 
Parte 
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g id not insert such provision unless the subject 


oN SUB-SURFACE CONTRACTS 


“4 ‘Davin A. Mourror,’ 7M. Am. Soc. C. E . (by letter). .—Every sizable con- 
Gg aa struction contract involves at least some features, the details of which are. Ware 

not. predictable at the time of letting, and these must be: ‘appraised, when en- “he 


eountered, and allowed for in the final settlement. 
Despite the most careful soil investigation and made to obtain data 
for foundation desig1 n, there will usually develop, during construction, more or 
Tess material variations in the character and required depth of excavation, 
i a resulting 1 in modifications from the design as originally prepared. To pass this He 
risk on to the contractor, as is usually done, by introducing cleverly worded a 
a clauses into the specifications, i is unwise and unbusinesslike, and generally leads we 


a case of arbitration orlawsuit. 


nd If the designing | engineer expects to deal honestly with the prospective 
q * i contractor, he should write his specifications with that end in view. He should = 
Mg _ expect to pay for everything that is stipulated to be done or furnished without 


a7, _ hoping to get something for nothing. (reli should the owner have to pay for Ee 
“a a a Therefore, why not write a clearly worded specification covering everything, — 


| 4 =z a tualities to be dealt with under supplemental written n agreements, a and thus avoid Dav 
serious disputes at the time of final settlement? = 
- The wide variety of cases cited by the author illustrates the attitude of the i 4 
a 7 Be Courts when called upon to clarify the business relations between owner and ; 
contractor, resulting from doubtful or contradictory requirements in the 
specifications with regard to the amount of to be performed, 


a ia ee If the engineer cannot stipulate, clearly, the exact quantities of work which Be. 
= “es 7 _ the contractor is to perform, and yet expects 1 to hold the latter toa lump-sum 
= price, , he must also expect to obtain excessive bids « covering the unreasonable, ry 


a= or inadequately described, features of the proposed work. — Later, if the con- _ 
: a " tractor finds himself a party toa losing contract, the case goes to Court for the a ; 
oF re final adjudication of disputes following in the wake of an ambiguous contract. aes 
; Pi. As a matter of fact, lump-sum bids are generally unfair to both owners and i 
The practice of awarding contracts to the lowest responsible bidder 
makes it mandatory to provide a method of obtaining comparable bids, 
es not necessarily lump-sum bids. This can best be accomplished by incorporating & Ps 
in the tender an approximate estimate of quantities of each kind of work or 3 
materials to be furnished, the bidder merely supplying the requisite unit prices a : A 


to determine the aggregate amount of the proposal. The same unit prices 
should later apply to changes in the estimated quantities made necessary during 
prosecution of the work by additions to, or abatements from, the estimated 
= quantities in arriving att the final estimate and settlement. (inte. 
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B-SURFACE CONTRACTS 


whenever the 00d sees his v way clear to recover. One of the most fertile 
contentions for extra compensation is that n not all the information was disclosed + 4 

‘The result obtained from the soil investigation should be accessible to all _ 


bi bidders merely for what it is worth, frankly recognizing the approximate, or 


ae ew even ‘erroneous, character of the information, with a clear statement that all se a 
a departures from the design data and changes in foundations as finally decided" 

— _ upon and buiit, shall be adjusted in the final estimate at the unit prices deena! 

each bidder were to obtain his own information, this would 

al necessitate duplicating the soil investigation, which is impractical. Any re- 

a * quirement whereby the bidder i is to obtain technical data relative to depth and i 


character of foundation, ground- water, pumping, sheet-piling, ete., ‘and then 
s oo be held responsible for the outcome, is manifestly unfair as it amounts to doing — 
- precisely what the designing engineer is supposed to do to obtain the required — 


information for his own use and for all intending bidders. Contractors should 


not be penalized for ‘shortcomings i in the design. This is the responsibility of ay 


very advice contained in Manual No. 8 may ‘be regarded a asan J 
_ enabling act to specification writing; but here again one finds a wide divergence 
int the quality of the product put out ‘by different writers. Itis ST a easier Wee 
to tell the other fellow how to do something than to do it oneself. 
ee The author has presented innumerable cases which terminated in disputes pe 
in connection with “‘unexpected risks,” and has cited the decisions rendered by & ee 
if the Courts on the basis of facts disclosed in each case. ¥ Although this informa- 
tion is very interesting and the matter of avoiding a recurrence of 
P such cases is still an important | issue. The writer contends that there is no Ms 


for writing a contract based on a gamble. to along 


of what the Courts in similar circumstances lessens 
of uncertainty for the future” (see “‘Conclusion’’) is only for 
=, _ those types of cases in which the Courts agree among themselves. 8. H However, 8 

‘reading of this ‘paper confirms the pre evious feeling that in too many cases one 
‘ Court decides in favor of the plaintiff and another Court, with a quite similar _ 

- set of circumstances, decides the other way. One cannot escape the feeling that 

 inone case the plaintiff's counsel or witnesses have appe ealed successfully tothe 

Court’s : sympathy, o or perhaps the weather or some other extraneous matter has 

given the Court a more generous disposition. Certainly the evidence alone an 


— does not account for many rulings, and precedents can be found for almost ‘ 


of’ The one important fact that stands out is the obligation resting on . the en-— ‘ 
to show the available sub-surface information not only accurately, but > 


a = completely, including, for example, such data as the records of borings that hed 


: 


There will always be abundant evidence to cast doubt on the most carefully — 
* 
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7 


not fully revealed hole near-by. In any case, the listing 


a os of f abandoned holes with the others is obvious evidence of the engineer’ 8 effort 


ton make all information available. petite 


Evan S. Marri,’ Assoc. M. Am. Soc. E. (by letter)—The author 
‘ a views the problem and record from the legal standpoint. It has been « common “eo 
insert, in construction contracts, general clauses that transfer the risks from 


the . owner to the contractor. Acceptance of many of these risks may be op- ia 
tional with the ow ner, or he may pass them along; but certainly it is the duty . ae 
of the owner to define the substance of the contract—to describe to the con- = 


what he is to do—if he invites a bid price. ald 


The paper is predicated on the assumption that, in sub-surface 


ag tion, there are facts, essential to the completion of the contract, that have been 


a ; overlooked i in preparing plans and specifications. _ The writer maintains that a < 
clause which places all risk of sub-surface conditions on the contractor renders oie 
2 contract, basically, nulland void. To cite an above-surface parallel: A con- > 
a adi tractor cannot be enjoined to construct a 12-room residence “‘of the best ma- 
- terial and workmanship, to the satisfaction of the owner r” without plans ‘an 2 
ra is, without knowledge of what is above the surface. — The 
_— dawyeras and Courts will not Say 80; they have not said so yet; but this continent — a 
has not emerged mentally and morally from wild f ree-shooting frontier 
tions. When the people do emerge and really establish law and order, they shall - by 


because they will consider equity first and only. ‘Whether the owner 


less for investigation than he for contracting for something ‘ “in ‘the 


ae _ When the Construction Division was organized, in 1 1925, the writer stated 

that he thought that this section should consider the development of rules for 

interpretation of contracts—an engineers’ jurisprudence. There is no 
Teason for engineers to defer to the legal profession the ethics of their 


the contract. writer’ point is that the “light” is not in the contract act ‘a 
but in equity behind the contract. What i is fair is simple, in interpreting ¢ con- 
tracts; itis that neither party shall get something for nothing. Inlegal parlance 
for nothing” is “without consideration,” and therefore null and 

is not fair to foree a contractor into the surety business; he is 


Constitution” 


; to what is fair, Stated inversely, engineers must 
bgt —ethice—equity—the sole guide in the interpretation and adjudication of con- 4 
tracts. Perhaps this is what is intended by Blackstone’s British Common Law. 


SraNntey,” Assoc. M. Am. Soc. C. “(by letter).—The 3 
of the legal aspects of the risks involved in sub-surface construction, = 


Secy.-Treas., Jas. A. Wickett, Ltd., Toronto, Ont., Canada. 
Cons. Engr, (Stanley Eng. Co.), Muscatine, Iowa, 
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presented by Mr. should be of to every ¢ mendes 
- specifications for such work. Although most engineers may have avoided litis 


— arising | from unexpected conditions under the surface of the ground, _ 


oo between the parties to the contract if confusion and sree il 
are to beavoided. Such a‘ ‘meeting of minds” requires afullunderstanding,on —_ 
the part of both parties to the contract, of the risks and the responsibilities to 
be assumed by each. pe Such an understanding ean be obtained only through — 


= involve specifientions is in which the provisions regarding the risks and i 

_ responsibilities have | been vague or indefinite, thus preventing a “meeting of iy as 
minds. “a In such cases, it is natural that’ disputes will arise which create ae, 


subsoil investigations are conditions may be encountered that are diffe 


ent from those anticipated. Likewise, every experienced engineer should 
‘realize that various types of subsoil require different methods of construction and 
types: of equipment and, hence, result in different costs of construction. Purther- 


beg more, he should realize that if a contractor is required to assume the risk i ] | 


of unexpected subsoil conditions, that contractor is entitled to compensatio a 
: 


* 


for this risk and must include in his bid sum sufficient toc cover the item. 
2 In preparing his specifications, the « engineer has the three following iboieel 
i of placing the responsibility for unexpected su subsoil conditions: = 


5 (1) The. entire responsibility may be placed o on the contractor who must 


cost of any borings or investigations which he may make. 104. 
awe. The r responsibility may be assumed by the owner - by giving information a 
on subsoil conditions and by guaranteeing this information. In this case, the _ 
3 tisk is entirely upqn the owner and the contractor need not protect himself by ; 
‘covering these items in his bid and, hence, may bid lower. ‘edd 
(8) The responsibility may be divided between the contractor and the a 
a owner. In such cases, the owner may provide available data on subsoil condi- 
tions but require the contractor to interpret them and be responsible for any — 
‘- 2 misinterpretations or for any conditions which prove to be different from those Re 
indicated. ™ “Such & case saves: the contractor the expense of borings but still 
him assume risk for which he is entitled to pr "proper ‘compensation. — 


o There : are numerous circumstances which fully justif y either of the first ae 
a hoices, and there are undoubtedly ‘some cases where the t third choice i is proper. 
It would seem, however, that the greatest difficulty has arisen in those cases in 

Sy — the engineer has endeavored to — the fence” and divide the re- a 
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_ sponsibility bateneen owner and contractor and has failed to Be. in the ‘Specifi- 
clearly and definitely, just what is intended. Sometimes the engineer. 
has realized the shortcomings of the data he has available on subsoil conditions — 


and although has used these to outline the general methods of construction — 


and type of work on the project, he has endeavo ored to avoid the assumption | of 


means of general or “catch-all” phrases i in the ‘specifications. 
After: the decision has been r or 
_ any unforeseen conditions, the en acs must then be prepared i in such a 

Manner that there will be a complete ‘ oe of minds.” Vague and in r 

definite. provisions and so-called “catch-all” phrases which are inserted in an 
effort to throw responsibility on the Ferrie while, at the same time, the 
_ engineer is endeavoring to specify methods and equipment, have no place in a 
specification. Theen engineer should state, fully, clearly, and fearlessly, who is to BY 
be responsible for unforeseen ground or subsoil conditions. If the owner is fae 


bearing the tisk, the contractor should be instructed to bid upon the subsoil 


et portent rg “Often, this can be taken care of by the use of unit prices on DO 
De different types. of material that may be encountered. — On the other hand, if the : 


-_-—- gontractor is to bear the responsibility, he should ba, made aware of it so that oa 

rie he may protect himself to whatever extent he deems necessary when he bids 
ae 


upon the work; and then, if unforeseen conditions are e encountered, the app 4 


+ ‘tone will be sufficiently clear and precise so that he has no valid claim for an 
In all events, henerver. the specifications must be clear and precise ‘and must <8 


deal fairly with both parties; and, they must bring about a complete ‘ ‘meeting 


ge J. Morgan,” AND C. M. Am. 

©: E. (by letter).—In the presentation of his paper, Mr. Herwitz has 
a4 a a valuable contribution to engineers and others « engaged in the preparation of __ 
construction contracts and their appurtenant specifications, plans, and docu- oa 


ments where underground work isinvolved. 
iY. _— Sub-surface « exploration work, in some cases (such | as for tunnels and pipe 
a) may be done primarily for the information of the engineer to guide him 


character of materials and couditicne “borings: may require 
radical changes in the engineer's preliminary designs so as to make these it 


borings quite. ‘incomplete, if not unreliable, when used by contractors for 
bidding ‘purposes. Sometimes complete deep borings are difficult to make 


- especially i in glacial drift where boulders a abound | and blasting i is restricted in 
- public thoroughfares. _ Drilling progress under such a condition is likely | to be ; 


very slow with consequent long delay in letting the construction contract. $ or 
f 4 Deputy, County Attorney, Westchester County, Yonkers, N. Y. 
eh Formerly Project Engr., Westchester County Sanitary Sewer Commission ; and | Project 
ingr., Bureau of Sewage Disposal, Dept. of Public Works, New York, N. Y. 
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Generally, the work tries to obtain the best possible 
A sub-surface data. If he employs a reliable and experienced boring contractor, a ‘ 
a it is obvious that the bidding contractors on the subsequent construction work q 
Ps have available as much information as to the nature of the sub-surface condi- 
tions as he has. Of course, the engineer is on “‘dangerous ground” when he pe? 
‘attempts to interpret sub-surface conditions and draws on his own imagination __ 
as to the kind, form, and types. of constructions or configurations of strata — 
;. It should be the function of the engineer to protect, with great care, the 
 jnterests of the owner or municipality for which construction work is to be ca Ps 
done so that damage claims will be avoided or, if taken to Court, will not result ‘’ a ian 
costly judgments. Waivers alone ‘appear in certain cases to carry little 
weight i in Court. tote ot ae Hew 
Since much of the public bidding on construction jobs is clearly a rons by 
on the part of many ¢ contractors, it behooves the engineer t to use extreme care i‘ 
to make the pr provisions of his contract documents as tight as possible to protect 
the owner, especially if borings and other records are made available to bidders. - 
It is unfortunate, but it must be admitted, that there are & few contractors | 
Es: 
(Deseret are quite ready to use, against the engineer, any honestly prepared in- 
formatory data that have been supplied to him in of bidding, 


‘management or otherwise. ‘The engineer must be for that kind ig 

should be realized that on Public work, the contractor can secure 
vd 


= covered, in reasonable’ detail, the \ various Court Citations mentioned in 
the Appendix. Some of them, however, would probably be of considerable — 
ales to the engineer v who is | charged with the preparation of important con-— 
tracts because the average engineer has little or no true conception of the 
; nes! In a 10-yr construction program in in Westchester County, New York, the 
ease of Montrose Contracting Company, Incorporated vs. County of West-— ee 
_ chester (66) was the only one of several claims taken to Court by contractors, e a 
which finally resulted in a judgment in the contractor’s favor. Bidders — aR 
generally recognized that. the work, a tunnel, was “‘a wet job,” ina ‘valley at 
considerable depth below the bed of a near-by stream. Sufficient information 
was available in the contract documents and borings to put the bidders on ev 
notice that the work was without doubt very wet. It is difficult, at least for oid 
_ layman, to understand how a Court could be convinced that the contract 
_ documents, which clearly delineated wet conditions and required an examina- 
tion of the site by bidders, meant anything else to experienced contractors” 
a: than the necessity of using accepted methods under such circumstances to 4 a 
_ keep the work dry during construction. ah 
«In the first trial, the contractor contended that the contract provisions pines cae * 
“drains, alignment holes, ventilation, « care bof water and placing o' of 
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_ » x tunnel lining in not less than 12-ft sections all indicated a free air job with the S 


= F exception of about 600 ft of tunnel and that they could not be performed where | r ey 
: ee aoe compressed air was used. No defense was offered and the judge granted the 
County's motion for a directed verdict in its favor (80). The Circuit Court 
So of Appeals on an appeal by the contractor reversed the judgment entered in | ig 
tbe favor of the County and ordered the second trial holding that as a matter of fi re 
ea 3 law the under-drains could not be built in compressed air; that the alignment i 
holes required were used in free air but never in compressed air; that the specifi- 
oF cations relating to ventilation, concreting and care of water were suitable for 4 
“free-air” job and impossible of use in a compressed-air job. 
— ‘Regardless of the fact that the County in the second trial offered expert ip. 
‘Ge evidence to show that the aforementioned provisions could be used in com- a 
_ pressed air as well as in free-air tunneling the opinion of the Circuit Court 
prevailed and the contractor was successful in recovering a substantial judg- 


' : a ment. The County then took an appeal to the Circuit Court of Appeals te 
was unsuccessful (81). The Supreme Court of the United States refused to 
it 


¥ 


arr. grant Writs of Certiorari on both applications therefor made by the County, a | 
BS _ after each appeal had been decided by the Circuit Court of Appeals. im 

j The lawsuit referred to herein presents a very interesting problem both for ‘ ‘ 
aa a lawyers and engineers in that it relates to the interpretation of a contract, 
where mixed questions of law and fact areinvolved. = 
is the duty of the Courts to interpret contracts and explain their meaning. 
i on. ie Trial Court on the first trial held in substance that the contract did not a 4 
and impliedly warrant the tunnel job to be substantially a “free-air” 
< _ job. That judge apparently interpreted the contract as it was written and a 
ti those parts that referred to the use of compressed air. The words £ 
_ which related to compressed air, and the partial payment for 600 ft, specifically — 1 ae 

said “regardless of whether more be used or not” (82) 
sn its opinion on the first appeal the Circuit Court concluded that the iy ts 
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a = the plans that the tunnel was primarily one » to be constructed in free air 4 
a it held further that the compressed air provisions covered a variation, but not 4 


a transformation, and that they would be effective if somewhat more than — 
- 600 ft of work were required in compressed air. It did not say how much more. oo 
Furthermore, the Circuit Court took the evidence offered by the contractor — iar 
and, with no evidence offered by the County, interpreted the contract to fee 
; mean that the provisions of the contract relating to under-drains, , alignment “ie 
ae holes, ventilation, pouring of concrete in not less than 12-ft sections and the fe 
_ eare of water applied to free air, and were impossible of use in compressed air. oo 
7. If it is assumed that the trial judge on the first trial erred on the law in S 


4 _ interpreting the contract, then questions of fact arose as to whether or not the At 


As the case was tried before a itis seems 
ae evidence thereon had been offered by both sides in the second trial, should — 


been to the jury to determine as = off this had 
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‘a been done and the jury had determined that these provisions of the contract ~~ 
eould be performed only in free air, then the Court would have been in the 
position to to apply these facts to the contract and hold that the contract repre- cae 
a sented, and impliedly warranted, the tunnel to have been substantially a a: 
ae Viewing it from the other side and assuming that the jury found these — 
- provisions of the contract could be performed i in compressed air as well as in > 
M: free air, the Court would have to say that there was no representation and 
implied warranty that the work was as substantially a a‘ “free-air” job. J od rin 2 


fe 


=" “of the law and wander into the realms and fields of engineering and thereby ee = 
is become an engineer § as well as a judge? Who determined the fact that the 


i _ aaiew-drtina or the alignment holes could not be built in compressed air, aa 


4 


care of water provisions was impossible of use in compressed air, 
conerete in at least 12-ft sections could not be poured in compressed 
BE It is a fundamental principle of law that the duty of a common-law jury is to 4 me 
determine and decide questions of fact. Rurthesmare, another question 
itself and that is: Did the contract contain an “express warranty” 
“2 that fixed the sum of money the County would pay specifically and directly ae 
for compressed-air work, and thereby require the contractor to include ; a 
ba - Item 1 of the bid (this was a lump sum contract) any additional sum it needed a 
¥ to compensate itself for all compressed-air work costing mone than $30 a foot, pe, a a 
no matter how much was done under compressed air? % 
Different technicalities seem to arise in every Court case, which affects 
outcome. Even the viewpoints of the Courts appear to differ; the West- 
_ chester case in point has no parallel. _ Care was taken to avoid specifying both ‘ae 
the methods of construction and the results to be attained but the Court may coal 
have thought otherwise. A distinction has been drawn between constructional xz 
- features which serve a useful purpose in the completed structure and those = 


useful only during construction whether the engineer requires them for his 
ja use or not; such as, for instance, the alignment holes for checking tunnel lines a 

Because of sub-surface conditions which a a bidder seems to have 


= 


distinctive facte. appears, however, that the safest contract documents 


ae are those who ral so far as possible; otherwise every 


= 


“eonceivable contingency must be covered. bag } 


Lazarus Warre,® M. Am. Soc. Cc. E. (by letter). paper by Mr. 


- Herwitz i is very timely, of great value to the engineer, and is deserving 0 of af all 
discussion. . In the writer’s experience very little on this subject is taught i in 
schools; yet contracts and are created 
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the art of ‘the documents may be the work of lawyers—and here 

ss €gomes the rub.” The engineer responsible for a sub-surface contract is often 

= too hampered by a lack of time or funds to investigate sub-surface conditions vis 
a properly; he then draws up designs, as nearly as possible fitting the co nditions 

as known or assumed by him. _ He feels that if conditions are not actually 

ey eh encountered as assumed, claims for extra compensation will be filed by ho ‘4 

contractor; an 
hence, the ‘ “exonerating clauses” or “alibi clauses” ’ found in ‘many 


a a; to the business risks and labor risks, which a contractor must assume, 
= are added Tisks which do. not properly belong to him. The owner should 


— the contract was was based. The e engineer degrades his profession by von ; 
a ag behind tricky legal defenses so that extra expenses (which, in fairness, the — 

owner ‘should assume) are thrown upon the e ose bid prices are 
engineer is properly the agent of the owner, and it is perfectly proper 4 
that as ‘the owner should profit by the skill and economies of design of the 


engineer he should also assume the extra costs when the — not ‘the 


a 


= 
“This record: of borings is issued for the convenience of contractors. is 


contract document. No figures nor notes are guaranteed, Sections and 


contracts pend clearly defines the meaning of the there is no 
_ clear thread running through these cases and as he states in the last analyels 
“each case must rest upon its own distinctive facts.” lo 
‘The writer, from personal knowledge of several of the cases cited and with — 
2 forty years experience in such sub-surface contracts, has sought to find some 5 
common logic in the series of apparently contradictory decisions, and has come 
-= this conclusion that: (1) When the explorations, ‘engineering and design, a 
om and the contract and specifications have been well done, the owner seldom loses; 
_ and (2) good and t ‘is t ee 
discourages litigation. Such contracts are e consistent with the old definition 
* of a contract being a ‘‘meeting of the minds.” In other words a proper contract 
- is that in which ‘both parties : agree upon & bet of conditions upon which a price 


‘is based. Such contracts | are not 80 uncommon; specifications of the U. 8. 


to be made when “changed conditions” are encountered, or when 
must be altered because of “ “changed ¢ conditions. 


a 
14 
3 
q 
! 
4 
Li 
| 
: + balan “Synopsis” states that in the early days it was customary for the con- a 
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THOMBON on SUB-SURFACE CONTRACTS 


Mr. ‘Herwitz thet and data may return to 
"plague both owner and contractor, even when given in the utmost good faith \ 


and with careful attention to the best modern practice.” > This seems to be — ae 
apparent from | the ca cases cited but again, in the writer’ 8 the cases 


are made as much as improperly interpreted and 
ties made by a foreman rather than by a trained geologist. The Catskill — 
i Aqueduct crossed many buried gorges and difficult terrain; yet it was so well — . eee 
explored, and its geology so well investigated that little of the unexpected was eo; ; 
- encountered, and the few suits started were lost in the Courts. Of course the a 
. 4 writer does not maintain that there is no residue of uncertainty in sub-surface beh Bs 
work; but he believes that an arbitration clause is desirable to adjust claims car: ps 
arising from such uncertainties. A board of experts can come quickly t to: a just ee 
; 7 decision as compared to an ordinary jury. Almost manifest injustices will be Ate 
-_ avoided, as where public construction organizations use the sovereign power — 
ag ‘of the State to bar just claims or where clever lawyers write in trick clauses — 
which serve as trapsforthe unwary. Sew)" 1¢ 
In conclusion the writer would emphasize that the engineer prepare his 
contract thoroughly, act as a just judge i in interpreting it, and forget that his — 
KEeNnNARD THomson,“ M. Am. Soc. C. (by 


—Mr. Herwitz’ an 
4 ery interesting paper draws attention to m many cases in which Courts give i? 
_ diametrically different judgments on what, to the laymen, would appear to y 
be identical cases. . Most engineers have all had similar experiences. 
The English Law Courts have the reputation (former Chief Justice Lord = a 
om Reading has so stated within the writer’s hearing) of trying to settle law suits < 
on on the equity of the c. case, instead of on technical legalities, as is so ) often done : a 

F All that engineers can do i is to try to be just to both client and contractor. P ‘ 
FE In | fifty-six years of experience the writer can recall only three or four ¢ cases 
in which the engineer | deliberately tried toe cheat the contractor. a if 


- indication of what kind of material lies under the bottom of such test es 
many cases the record states the boring stopped on “rock or 


boulder.” In some cases, such as Lower Manhattan » if the “wash boring” 


make no impression 


“Cons. Engr., New York, N. Y. 


= wash up samples of New York bed- rock but could make no i 
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a tis should explain, fully, the limitation of such information. It is neither wise Seth a 

 § nor pleasant to accept a bid when the “successful” bidder does not have a a x ae 
 __reasonable chance of making an honest profit. If the engineer furnishes the 
¥ 
q 
4 


a With as a smaller than a cherry he could state or not i it was as 
. _ New York rock; but, a “core” or diamond-drill boring, penetrating from 3 ft j 


= to 5 5 ft into’ the rock, would be necessary for him m to ascertain whether or ‘not 


y others. The writer once asked a ‘contractor (who had, at that time, prob- - 
bee 4 ably made more borings in New York than any other man) how much quicksand — 
Be and hardpan he had found on a certain lot. The contractor replied, “none of 


ae _ either” and then showed the samples which confirmed what the writer already — 
rae knew—that there was nothing but quicksand and hardpan above the rock at s: 


ae _ In some parts of Manhattan, an experienced man would know that he i 
a could reach hardpan with “wash borings” and find a fairly uniform level. = 


At the same site the surface of the rock, even a foot or two away, might be 
2" Ete entirely | different. The writer recalls one case in which there was a drop of i 
a 6 ft ina horizontal distance of 2 ft. In such places the expense of many se | 
diamond-drill or “core” borings would scarcely be justified. At other points 
= on Manhattan “wash borings” would be worthless, and nothing but “core ‘i = 7 
a ne pats The writer’s practice fo for caisson work, where he is satisfied with the test 1 | 
borings, etc., is to call for a lump-sum bid to a certain depth, and for a a price 
7 a r ome per cubic yard for work done below that depth. On one job he spent hours | Be 
oe. convincing the other members of the Board that they should make theestimated § ee 
a ie cost on the basis of $25 per cu yd to a stated depth and $50 per cu yd for all — t 


work done belowthat depth, 
At first they could not see why so abrupt an increase s should be made until — 
it was explained that $25 was the average cost from zero to the stated depth, 
x including plant, etc., and that $50 was a fair price for the greater depth. The 4 
ee rony was that, after ' convincing the Board and calling for bids on that basis, a 
- one contractor took a chance that he would not have to go below that level, 
and bid a flat $25 per cu yd. As an experienced contractor, he should have fs 
known better because the information was based upon “wash borings’ ‘only, 5 
3 be depended upon, with very rare exceptions, to reach bed- rock, 
The call for bids asked for a price, per cubic yard, for 6000 cu yd, more 
or less, below the stated depth. 1A he had bid $50 per cu yd for that item 
re he would have received the contract anyway. _ The contractor lost money on x 
ae # that job, and would have lost much more if the Board had compelled him to a . 
deeper as it had the right to do. Tt happened that the Board did not 


it n necessary in the interest of safety. 


4h; 
Experienced engineers have occasionally succeeded in carrying “wash a 
a - borings” to bed-rock, through boulders and other hard material, by using 

As an example of an unfair specification, a contractor once bid on some 
work to be done Shovel at, say, 20 cents per cu yd. 


changing the slope of the excavation | 


— 
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ON ‘SUB-SURFACE CONTRACTS 


‘once at the same 


4 tw was on public work), the engineer had no ‘authority to pay more than th the ie ny 


Needless to say, books could be filled with of similar « 
= needed more study is presented i in this paper, , and its tr treatment by the por 


pst is of much value. The writer wishes to add emphasis to the importance | i Ma 7 


upon the contractor provided that the contract documents so state. Certain 
tisks, which may not be mentioned specifically in the contract, are customarily 
‘anne by the owner—such as, for example, extremely abnormal weather ely: 
-eonditions or river floods, or hurricanes (in ‘New England). Similarly, vari- 

: ations i in the cost of materials and labor are customarily borne by the con- a 


- tractor. It would be better if the allocation of these risks were Seainitely a 


-tracting parties, Each party must comprehend that there are risks to be taken 
nd that the contract documents should allocate these risks clearly. 
It appears that, in general, the Courts uphold the legality of placing a risk 


er 


specified instead of being left in the classification of ‘ ‘common practice.” ig 


_ tractor, or the owner, carry fire i insurance. rb risk involved in sub-surface oe. . 


‘often clearly defined in the contract through a specification that t the con- .: 
of 


_ “* * * The owner should pe the necessary funds for a complete = 

preliminary investigation of the soil, its geological formation, and water oa _ 
conditions; and for the determination of all ot er facts needed to enable — a 
ite the engineer to design the work properly and the contractor to determine — aaa 
its cost accurately * * *. It is the contractor’s duty to estimate only on 

_ work for which adequate preliminary information has been obtained, and 

‘pe _ for which adequate designs and specifications have been prepared by the ‘ube 
7 ‘at engineer. He should not bid on the work until he has assured himself as 
to the adequacy of the information given him and the practicability of ao 
type of construction shown i in the engineer’s design ** 
‘The words “accurately,’ ” “adequacy,” etc., ar are relative and 


Ps ae adequate is the information given, there i is & possibility of unforeseen con- 5 

ditions affecting | the cost of the work, and the « contract documents should 

Bigg specify which party is to bau or is to be benefited by, the change in cost. pat 
Moreover, in order that the engineer may determine what are unforeseen 
conditions, the foreseen conditions r must be shown or indicated definitely. 

ies has been ‘stated, the contracting business is highly competitive and the ats 
m= - writer agrees that the more the risks are carried by the owner, the lower will be _ er 


is: 
= many times the contract price, and sometimes more than a 
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<e ea other hand, it is sometimes true that the owner is also engaged in a highly com: _ 
— ? petitive undéetaking’ as for example, in the construction of an office a 


= in which the cost of the building affects the rents that must be obtained; and, iy 


Se if the cost is greater than a certain limit, the project is not financially feasible. — 
aoe Therefore, the owner may consider it desirable to carry as little risk as ra 
: Pa possible himself and to employ the contractor to ‘carry all possible risks in 
aie _ order that he may know his upset cost as accurately as possible. This will 2 


usually | cause the work of the contract to cost more than would o therwise be 


the case; but the additional “cost may be well worth while. Moreover, the 
4 risk must be assumed by some one, even if it does not appear in the cost figures. me 
If it were possible t to arrange for some kind of insurance to cover such a risk (as Tee 


is done by insurance against fire), the owner would be willing to 

pay for it, either directly or through the contractor, = = 

it were possible to include an item in the entitled “Assumption 

of Risk of Unexpected Sub- Surface Conditions,” it would be highly desirable sie f eh, 

va as it would call attention to the actual cost of carrying such a risk. * ¥ 

Ba ‘Public bodies, as well as private owners, often desire to! know the upset cost 4 ; F 

a a project as nearly | as possible in to assure themselves that the cost 
a not exceed the funds available; and here again the contractor may properly E A 
be paid for the risk which he ut yisied to 


‘The o owner expects the « engineer ’s estimate of cost to be reasonably accurate, 


under an item called “Contingencies” but many times this item is removed a 


from the estimate when the contract documents are executed. 
Mess ‘Under certain conditions, it has been the custom in the writer's office to ar 

‘ arrange ‘construction contracts for bridge foundations so that the contractor a 
- a will be paid a lump-sum price for the foundations as built in accordance with 4 
the contract plans, and be paid under another item a unit price per vertical : 


i foot for the additional depth to which any pier may be carried below the depth 
i indicated on the contract plans. This has been done on the theory that a 


decrease in 1 depth was unlikely and, moreover, would have little effect upon 
a the total contract cost, whereas each foot of additional depth would imerease 


a a 3 yal. As an example of an apparent lack of clarity in the “meeting of the minds” Pag 


in a'contract for foundations, the following, which came under the close se ob- 
servation of the writer, may be of interest. 
Contract Documents included the following: aA 3 


3 take: “ART, 3. Changes. —The contracting officer may at any time, by a 
written ‘order, and without notice to the sureties, make changes in the 

drawings and (or) specifications of this contract and within the general 
a is 189 scope thereof. If such changes cause an increase or decrease in 4 
amount due under this contract, or in the time required for its performance, 
ae aa an equitable adjustment. shall be made and the contract shall be modified ‘ 


“ART, Changed conditions. —Should the contractor encounter, 
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on the or indicated in the specifications, the attention of the 

contracting. officer shall be called immediately to such conditions before ay 

are disturbed. The contracting officer shall thereupon promptly 

investi ate the conditions, and if he finds that they materially differ sod ber 
Saas from those shown on the drawings or indicated in the specifications, he eas is 
shall at once, with the written approval of the head of the department or 

his representative, make such changes in the drawings and (or) speci- 

fications as he may find necessary, and any increase or decrease of cost 
satel and (or) difference in time resulting from such changes shall be adjusted — a 

_ provided in article 3 of this contract.” al 


specifications included the following:! sad ais 


dt ve “Borings: —Wash borings have been made under the direction of the 
pt oft contracting officer and of the engineer at various points at the sites of the ty 
E ais work. These borings were made in the usual manner and with reasonable — Page 
care; and their locations, depths, and the character of the material appar- ‘ en 
- ently encountered have been recorded in good faith on the contract plans. ry. 
ee ow An of material obtained from the borings have been preserved and a 
# i dh labeled and may be examined at * * * . There is no expressed or implied 
haw of agreement that the depths | or the character of the material have been Ea nal 
sinh correctly indicated and bidders should take into account the possibility a 
that conditions affecting the cost or quantities of work to be done may 
“Boulders—The borings apparently ‘indicate ‘that boulders may be 
encountered in varying numbers and sizes at any or a of fies excavations : 


é 


- in effect: That the number of boulders and the quality of the sand ehnduntered - 


in the excavation was materially different from that shownin the drawingsand == 
Yndieated in the specifications; that, therefore, ‘unforeseen and unanticipated 
sub-surface and latent conditions were actually encountered and it was neces- 
. ‘sary to change the method of work; and, , that adjustments of the contract sum 
! ‘and of the contract time should be made ) to compensate for the extra work and ete 
bY time resulting from such changes. The controversy was finally taken to the Po si 
e Court of Claims and, in so far as is known to the writer, decision i is still a ra : 


cases cited and analyzed in the paper he refers i in 
‘several instances to additional facts which the writer, because of space 
tions, found it necessary to omit; but, with several of Mr. Newton’s observations _ 
the writer is constrained to disagree. 
hus, Mr. Newton’s statement that “‘an owner who has given the 


-innceurate or incomplete boring information is responsible even if the ae I 


the Court of Appeals of the State of New York has held that in such a dtuation 5 
x the owner is responsible only if guilty of bad faith. The Court said (42) jae 
4 Fat If, however, notwithstanding the agreement as to honest mistake, damages  _ 
“might be recovered from the State for misrepresentations, upon which the bidder _ 
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of the plans upon which the contract was based. It was not prepared or used 
P 
= for that purpose. It was an independent bit of information or ‘supposed 


ae _ information in the possession of the State to which the bidder resorted in making 33 
the investigations which it was required to make. If it relied upon this paper, 


el os it did so at its own risk. The most it could ask for in regard to this information 


Mr. Newton’s 8 ‘further statement that “a contractor is not required to make 
_ ‘Surveys, soundings, or borings to determine whether the information given him 
in the contract is correct’’ is equally misleading, especially when compared with 
his subsequent remark that “A bidder is not usually required to make borings 
3 ae pe other sub-surface investigation, particularly if the work has been done by the 


1% owner.” Mr. Newton’ s first statement is too broad, for the Court of Appeals of a 


Wee the State of New ‘York has indicated that situations may arise where the con- a fs ¢ 
“tractor might be held responsible for what borings or soundings made, by him 

4 

] 


_ with his earlier statement that “too much emphasis” can be placed on the 


24 


wording of the contract, and that “the | facts, not the contract clauses, form the 
real basis” of the Court’s decision. —Itis the writer’s belief that the in 


mae ee ee contract is of primary importance, for that is all that the Court may con- 


sider in determining whether owner or contractor was, by | their agreement, 
intended for the réle of risk-bearer. That intent, once determined, is con- 


trolling, and the Court is powerless to do anything but enforce it. As the Court 
= id in Johnson vs. City of New York (83 , 1 
in Johnson vs. City of New York (83): 
a “Tn the absence of fraud or mistake, the contract made by the 
however burdensome it may prove in execution, must govern. It is no excuse 
; _ that a party to a contract did. not foresee a hardship which its operation might =| 
4 entail. It is the function of courts to enforce contracts according to their true 


and and neither to mitigate nor relieve against their operation.’ 


ofl ‘The pr proposition that ae of law, in deciding contract disputes, are joing a 

nothing more than enforcing the intent of the parties, as expressed in their 

agreement, is one which laymen find difficult to comprehend. , Judges ¢ cannot 
make a new contract for the parties; nor can they rewrite a contract so as to te 
make it fairer to one party or the other. If (as so many of those taking part in Ro 
- the discussion seem to feel) it ‘is unfair and | inequitable t to make the contractor & a 


that result are the fault of but rather of the parties who wiling’y 
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Martin shotes that the judicial opinions cited in the paper “‘are not much 
; concerned with what is fair but, as a lawyer might say, what is fair ‘ * “in the light © a 


a of the contract.’” He is quite right, if by that he means that the Courts can- 3 
not decide contract disputes upon general principles of ethics or morality. On 
the contrary, the Court’s “hands are tied down’”’ to the standard of ethics anc and 
morality previously fixed and determined by the parties themselves in pels 
contract which they have signed. Although it is true ‘that, in many cases, 
hs contractor is compelled by the Courts to bear the loss resulting from an unex: 
pected sub-surface condition, it is only because he assumed that risk in his — ete 
 gontract; and the Courts, much as they might like to, are powerless to relieve — i 
him of the consequences of his. unprofitable bargain. 


4 
2 
a 


When owners, contractors, and engineers realize that the solution of 
4 difficulties lies not in catch-all contract clauses, but in a careful choice 4 
unambiguous language to: express their contractual obligations, there will be no 
occasion to criticize Courts for decisions which simply place the 
course, the question as to whether or not it is s sound, ethically eco- 
| | nomically, for the contractor to assume the | risk of unexpected sub-surface i me a 
ae i ‘conditions (with which the discussion was almost exclusively concerned) is one ha a 
| which belongs more properly within the sphere of the engineer rather than that “ 4 
a & of the lawyer. _ There i is much force in the arguments ¢ of Messrs. Hammond oe = 


‘Molitor, Marsh, Stanley, White, Thompson, and Farwell against making the 
ye contractor assume all the risks. On the other hand, there may be cireum- se a 
Ss ‘stances, as Mr. Farwell points out, under which the owner may feel compelled Ss Ee ‘oe 


to require the contractor to do so, even if he thereby pays a higher upset | price i 

be for the completed structure in order to cover the contractor’s contingencies. _ a a 
2 It is the writer’s thesis that, whatever may be the decision reached in any ; oe 

ie particular case, the contract should express that decision, clearly and fairy, Rie. 

and in no uncertain terms. If a contractor is expected by the owner to assume _ 
all risks, he should be definitely advised of that fact so that ‘appropriate pallow- 

e ances can be made in his bid. If he is not to bear the risk, it is to the owner ee 

& advantage that th this also be made clear, for then the bids received will not be _ 

inflated by the contractors’ fear of the In either event, neither party 


ty 


a ean have cause to complain or to litigate, for each will know the nature and — as 

extent of his contract obligations. nas tad? odd 

However, this ideal contract, in which there is a ‘‘clear 1 meeting ‘of the minds,” bes 

cannot be wished into existence. The preparation of such a contract 
a ig and precision in the choice of language, a familiarity with the rule * 


contract interpretation customarily applied by the Courts, and a 


knowledge of the fate that typical contract clauses have suffered in previous 


Realizing that i in ‘most instances construction contracts are drawn ‘ty a 
“engineers and not by lawyers, the writer hoped that his brief summary of the © a 
case law on this subject might prove helpful. If the r necessity for fection aa 
- frank, and forthright contract draftsmanship has been emphasized, ‘and the 

i. means to achieve it suggested, the paper may have served some useful purpose. Ya 
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‘DESIGN OF CIRCULAR. CONCRETE’ TANKS 


GEORGE S. SALTER, M. Am. Soc. C. E. said 

Wire ‘Discussion By MEssRs. A. ROSENGARTEN, “SILVERMAN, 

Frank J. McCormick, H. ‘Muck.eston, Rozerr B. B. Moonmax, 

Dana Youn, L. J. ‘Jans EGEpE (NIELSEN, Luoyp §. Dysxanp, 


SouRocHNIKoFF, ‘Reais F. Fry, anp 8. Saurer, 


large as for ‘settling purposes, a as well as for deeper 
he tanks of small diameter. It is shown that, by fixing the wall at the base so 4 
“ that the liquid pressure is divided between the circular rings : and the vertical 
cantilevers, the magnitude of the maximum r ring tension is greatly reduced. 
ae Bae For tanks of proportions such as are ordinarily used for settling purposes the _ 
a ‘maximum ring tension amounts to only about one-quarter to one-third, and 
the total amount of wall reinforcement to less than one-half of that required 5 


a were the wall free at the base. Diagrams are presented to facilitate design — | 
and an n example i is ‘given showing their application. ni} a ot «de tie 


bn circular tanks having the least peri imeter for given 


itself pure tension and the cylinder theory would « obtain 

5 = for the full height of the wall. It has been quite common practice to 2 das 

) ee circular tanks for this condition and (although the wall is rigidly connected _ 
oe tot the bottom slab) to provide ring reinforcement for the full liquid presaure,— 

As concrete is a material that lends itself inherently to ‘continuity, a logical 

s = method of design using this material is one that takes advantage of this action. — 

= - Circular tanks built of concrete, however, have more or less restraint at the a 
junction of the wall and the footing unless special are taken to 


Nors.—Published in March, 1939, Proceedings, 
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CIRCULAR CONCRETE ‘TANKS 


+ 
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tural elements is emphasized byt the disposition ihe 
the reinforcement i in the wall. The size and hata 


is determined the, mgnitude of LOADING ON 

tension. . Naturally, the pum of the loads 
4 carried vertically and horizontally mustequal 
the total load and pressure on the wall. 

_ Several methods have been presented i 
endeavors to evaluate the load distribution 

between the two structural elements but they Meow 
either been merely approximations or 
have been quite difficult to apply. Further- 

most previous studies, apparently, were 

based on the condition of rather deep tanks 08 2907 


tanks of small diameter and thus, 


+ 


they gave approximately correct results for 
tanks of those proportions, they were decidedly 


“out of line” for large-diameter, and rather HALF 


‘shallow, tanks such as are ordinarily used for 
settling purposes for sewage, water ‘purifica- 
tion, and certain | processes. om 
The purpose of this paper is to present a 
"strictly rigorous analysis and yet one that is 
_ easy to apply and which yields results that are 
accurate, ‘within the limits of the assumptions 
_ the analysis applies to tanks of all sizes, the 1 | - 
diagrams presented herein apply only to tanks ae 
of proportions such as are ordinarily used for a 
settling purposes. Of course, these diagrams 
can be extended to include tanks of all sizes. 
letter symbols used in this. paper 
defined where they are first mentioned. An VERTICAL CANTILEVER 
for Mechanics, Structural Engineering, and “Testing “Materials? approved 


_ by committee of the American Standards Assdciation, with Society repre- 
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| 
rather complicated load distribution between the circular ring elements 
spacing OI the vertical Dars 18s adetermined Dy if 
TRY 
the wall moments, due to that portion ofthe 
} — 
ah’? 
it 
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— 
1%, 
ia 
3 
— 
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re -19¢ ‘The following is presented : as a rigorous analysis of the problem when : the 


_ wall is considered as an elastic cylinder, fixed at the base. Given a tank of = 


ae. “a radius r and height h. - With origin at the base of the wall, the internal p: pressure ; 
‘e at any point, due to a liquid whose unit weight is w, is w (h —),in which 
is the distance above the base of the wall. le 
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oa ment, and the horizontal element of height dh represents ( one-half of a circular : # 
a — element. If the wall is fixed at the base the liquid pressure will be rited me | 
A in part by cantilever action and in part by ring action. The distribution of | oan 
the load between the two elements must be 38 to make the deflection of 
the ea eantilever equal to the radial displacementof the ring, sai 
Consider first the loading on the circular ring. Fig. 1(a) represents one- 
ree) half of a Ting element of of height dh, and thickness t «Iti is subjected toa uniform | ee a 
load, which is some part of the liquid pressure, of intensity Pr, and is 
assumed to be acting on the center line of the ring. Furthermore, the thick- ie y 
ness i is assumed to be so small compared to the radius that the stress on the pie 
A * _ The force acting on an element of the ring is pyr do dh, in which d@ is 3 the q 


central angle that subtends the vertical strip. Taking the sum of the com- 
Se ect? of all the radial forces acting on the half ring, the equation of equilib- 3 


The unit tensile ‘stress is found dividing the total stress by the 
— Fora given modulus of elasticity, Eo, of the shell, the senentne becomes — 
and resultant increase in the radius, denoted by ‘is 
4 2arf, r ‘Js 


the value of f, given in Equation (3) j was 


— al Next, lillie a vertical strip, of width | r d¢ and height h, also as indicated 
= in Fig. 1(b). The total liquid pressure is represented by the triangle i in Fig. c- 
ae sd 1(c) and this is divided into two parts by the “load-distribution curve” A E D. me 
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equal the he liquid pressure; that is, 

Substituting the value of p,, as given in | Equation | (6), in (78), 


ah 


— aia (a j 


ba 


in which por Pe and unit load , respectively. § Substi- 
-tuting i in Equation (9d) the value of p, given in Equation lol 


4 dé dty _ 


in which A, B, C, and D are arbitrary constants whose values must be de- aa 


termined from known conditions at certain points; ¢ is the | base of Naperian = 


Ey: 
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__. By successive , differentiation of Equation (11) the following equations may 


— D) cos Bz + (C + (130) 


> 


— 2 pret (D cos Coin 
2 ((A — B) cos Bz + (A + B) sin x] 


ay 
| 


Lee 


- Under the condition of base fixed and top free, the slope and deflection i 
gre zero at the base of the wall where z = 0, whereas, at the top of the wall a 
_ where z = h, the moment and shear are zero. Thus, by setting, for the proper Dae ‘ 
values of z z, the appropriate one of Equations (13) equal to zero, and solving, = 
the values of the four arbitrary ¢ constants may be determined, ‘and are expressed _ 


or, ae. {ac [2 cos? + (sin 2 + cos 26 — 4cos? 6) — 
= 


‘Tt may be readily seen that there i is only | one variable i in Equations (4) & 


80 that for a any given value of this term the expression in brackets has a RR 
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bain 


these values in terms of 3 80 as to facilitate computations; the values of he 


constants may be determined, and thus by substitution in 


ver 


i Bee 
eoulky 9 


prs 
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Fie, or ARBITRARY CONSTANTS Fia. 3. ror Use 1x 


we. 
aaa Four values are essential in the design of the aa wall: -() The moment, 
= (2) shear at the base of the cantilever elements, (3) the ® tension in a the | ring yi 
elements, and (4) the wall moment, at some ne point above base and of 


Bs opposite sign to that at the base, due to the “upper ring elements le supporting y 3 
By the use of Equation (136) curves were plotted: for the various values of 6, 
ty which the moment at any height of the wall could be determined. How- an. 4 


ge as the moments at only two | points : are needed i in th the design, the negative _ 2 
_— at the base, , and the positive ‘moment at some = above the base, 


‘ 


- values of 8, becoming 0.167 when 6 becomes 0, the limiting case when the wall _ 
is: & pure cantilever. The curve for C,, in Fig. 3 shows that the rece 
= 


“value of C_», cantilever negative moment coefficient, i increases for diminishing a 4 : 
4 


— 
— 
— 
| 
| 
a 
e- any wall height, may be determined. In Fig. 2, Functions C, and C; are shown ae ae 
180 
¥ ade ol Bers 
pul 
= 
eee 
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>. pil for 6-values above 1.0 7. it bas beats od itt 


_ Fig. 4 gives the ‘ ‘load-distribution curves” for values of 6 from 0.40. r 
2.00 x. The curves give the load carried the circular rings, expressed 


a : 3 as a percentage of the pressure at the base of the wall. These values were 


It will be noted that, for all values of 6, the suiheotiine of the load carte 
apie sap at the base « of the wall is ‘zero. ‘This indicates that the pressure a. 
at this point is resisted ‘entirely by ‘the cantilevers. In the u upper parts of the a 


cting that part of the load d from | the total load . 


Fe 


Tie shows that there is ‘negative pressure on the cantilevers; or, in other : 
Tina the cantilevers are ‘supported by the rings. . This obtains from the fact 
Pi _ that if the cantilevers were not supported at this elevation they would have : 
their n maximum deflection at this point, and ti the dear would not deflect at all, 


Liquid Pressure 


Line 


Height (Tenth Points) 
| 


> 


bowtasrat Volues of For Values Above 1.00 w (Dotted Lines) bite 


9 ; ra. 4. m Rivas (T =Crwhr) t 26 
tions of this paper the displacements of the rings and the cantilevers at all 
ae — are equal, and thus the rings at the higher elevations support not only - 
ua pressure but also some load coming to them from the vertical — 

‘elements. For the higher values of 6, the load on the rings in the 
upper parts of the wall i is practically to the liquid presente anit the curves: 


a §-value of approxin 9.47 of the negativ 
using Equation (13d) and dedu 
“ 
— 
7 
— 
a 
— 
7 
its 
— 


3) This indicates that for the deeper tanks, or for Sines: smaller diam- 
i dee, restraint at the base has little or no effect at the upper parts of the wal, * 
Be. ise The shear is determined by use of Equation (13c). The coefficient a 
; ‘determining its value has been plotted in Fig. 5 and for ease of application has By ¢: 
total load; thus, theshear atthe base 


= 


(13¢) ‘its value. may be arnt 
by determining, from Fig. 4, values” 
for the load on the ring elements 
al and deducting this load from the total Bey 

liquid pressure. It will benotedthat, 

a 0-value of about 1.087, the total 

load is divide d equally between the Pei 
and the cantilever. ele- 


For é-values than 1. 1.08 


load on ‘the cantilever will be in excess 0.60 
of 50% of the total load, and thusthe 


0. 
the total ring reinforcement required 930 040 «050 (0.80 
5.— 
quired if all of the load were carried" 


: It is desirable to have a suiiidions expression to determine the value of 6 _ 


for use in connection with the diagrams and this may be found as follows: ¥ Pade: 


+ 


that the value is expressed in of and it is so indicated 4 


#08 The use of the diagrams i in design will be demonstrated by a numerical eX 
ty, example. _ Certain conditions have been assumed in the analysis, and the aed ; 
_ designer should consider how closely the actual conditions fulfill these require- re 


expression for 6 may be given as, 


‘Ments. The most important are: The degree of restraint of 


— 
— 
— 
— 
a 
a Ams are applicable, = 


- wall; the moment of inertia of the reinforced mation ; the modulus of clastici ity 


= As it in most where water- r-tightness i is required, a a rather rich 
_ erete should be ni to reduce cracking, a low stress in the ring ete 


aaa = caused by combined direct tension and contraction due to curing and drei ae 
& oy will not exceed 200 to 250 Ib per sq i in. In order to secure better values in — oa 
2 bo nd and also to distribute the stresses s properly (both of which will help to ee, 
eliminate cracking), rather small bars, those not exceeding Ki 


in diameter, should be used. ay 


Given a tank 70 ft in diameter and a water depth: of 12. 5 ft, wall 
Re thickness of 9 in.; by Equation (17), @ = 12. 5a 


Fig. 3, C_m = 0.0329; therefore — M = 0.0829 x 62.5 Xx (12.5)? 4020 0 


. fs per ft _ Furthermore (see Fig. 3), C C2 = = 0.294; therefore M = 0.294 x 4020 ras. 


 =1 180 ft-Ib per ft. adj 20 i tuode Wo 


a The vertical wall reinforeenelt i is determined from these moments. It is 7: 
sf to determine, from Fig. 4, the values of the ring tension coefficients 


at the tenth-points, and thus 8 compute the percentage | of ring steel for the full 2 
ay - heig ght of the wall. It will be noted in Table 1 that the maximum ring tension 
is at about the mid-point of the wall; that is, T max = 0.364 X 62.5 X 12.5 


35.4 = 10050 lb; and, A, 10090 0. 84 sq in. per ft of wall height. 


C, = 0.523; ; therefore, = 0.523 62.5 X (12.5)* = 2 560 Ib per ft. 


‘ 


perfoot | inches per oint per foot inches per 


| 0822 | | ous | 430 | Os 
0.35 | 9820 | O84 0.1 | 0.05 


i? 


7, 


_ The wall should be investigated for e3 external pressures in the same manner. 
or earth loading this may be done by substituting for the earth pressure an sg 
equivalent fluid; and, if the external loading extends to either a greater or less 4 

“height than the internal loading, also substitute the revised value for the | 

height. For external loading the’ rings are in compression and thus do not 

The wall thickness should be checked to make certain that the tension — 4 
in ike The stress may be > determined 


Tr. 


4 
a q 
4 
3 
@ 
2 
4 
j 

— 

— 

— 

: 
= 

— 
— 


>? 


m the ‘yuo (22 2u92 


= in which C = coefficient of contraction of the concrete, assumed as 0.0003. 
Use the tensioned eontion to ion the stress in the concrete due to the ring aS 


The sum of fe and f; should not exceed 200 to 250 Ib per eqin. alae 


‘ay 


total stress, in per inch = 149, 


It is intended that this paper ‘should a and direct method 
el of designing circular concrete tanks. The writer feels that the accuracy of _ Be = 
the rigorous analysis has been retained in the ‘diagrams presented and that 
oy _ by their u use circular concrete tanks can be designed, not only more e easily, but a 


also more economically, than with the approximate or rule-of-thumb methods _ = if 


The The paper is based upon a thesis entitled “The Design of Circular 
presented by the writer to ‘the of Nebraska i in 1987, in 
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ROSENGARTEN ON cincutaR concrere TANKS 


RosENGARTEN, Assoc. M. Am. Soc. Cc. E. (by letter) ).—Although 
a circular concrete tank is economical so far as having the least perimeter for a 
given area, it would obviously be extravagant if it were designed only as a 
- common eylinder with all stresses taken by the steel, and if a perfectly good ; 
structural material, such as concrete, were used merely as a filler. A design 
4 that utilizes the structural properties of the concrete more efficiently, therefore, 
_ should be more economical, as demonstrated in Mr. Salter’ 8 paper in which he 
considers the lower part of the wall to act as acantilever. 
es _ However, if the wall were considered as bending vertically for its full height a 
froma fixed-end condition at the base, toi a supporting ring of tension steel at 4 


the top, the cone1 


inereasing z the use of the c conerete perme 
In designing concrete tanks of various shapes, the writer hes found aa | 
wherever it is possible to secure a support at the top of the wall, it is generally — 
more economical to design the wall spanning vertically. This is usually true 
because the triangular loading of liquid pressure is peculiarly adapted to this 
condition. The greater part of the load (two-thirds) goes to the bottom of the 
wall where the floor is already available as a support, leaving only one- el 
“of the load to be taken care of by beams or ties at the top. A fixed-end condi- — 
tion at t the base provides a still more favorable distribution of load, giving a 
i reaction of four-fifths of the load at the bottom and one-fifth at the top “pe no 
Without attempting to check the rigorous mathematical the 
“writer notes, in Mr. Salter’s illustrative example, that he has determined the 


area of ring steel by dividing ring tension by a constant unit stress of 12 000 


eats maximum near the top p of the wall to a theoretical zero at the em, I 
- according to the deflection of the cantilever wall. According to the fundamental — 
7 iat that the stress is proportional to to the strain or elongation, the unit stress ; 


in the ring ‘steel must also vary from a maximum for the rings pleats: the top of 


Since the distribution of stress in any two-wa ay system is complicated by 
variables, it would seem advantageous to simplify designs wherever 
4 possible without sacrificing economy. x In the ¢ case of ‘relatively low tanks this = 
~ ean be accomplished by considering the. wall as a one- way slab, spanning. ver- 
wee of tically from a fixed-end condition at the base to a support at the top consisting © 
ofa pure tension ring. a this | ring is not pre- -stressed, adjustment to the ver-_ 
‘ - tical steel can be made for the deflection (or, settlement of support) caused © 


_ by the elongation of the topringsteel. = 


Architectural Engr., The Co., Philadelphia, Pa. 
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SILVERMAN ON CIRCULAR men 
K. Assoc. M. Am. Soc. C. E. (by letter) —It is interesting 
to note that the problem discussed by Mr. Salter is a special case of a more 
.* general problem which includes the arch dam. The ‘solution of the problem 
of the cylindrical tank has been known pand used for many years, its first solution 
being given by H. Miller-Breslau® 
_ The author has neglected the Péliscn effect which i is ceaaie? to assuming 


m (Poisson’ s number) is equal to infinity. 


obtained from -Miller-Breslau’ s solution inserting T The 


type formula by Equation (10) appears rs throughout engineering 
_ literature in the discussion of problems of beams on elastic foundations, and 
ee puts the problem of the circular tank in that « category. 3 Thus, the 
cantilever elements carry the difference between the water load and the 
= furnished by the ‘Ting elements. is. This 1 reaction is proportional to 
the value of the deflection y. This statement is expressed by Equation (100). M 
, 3 The arch dam Seep to) water load is is amenable to o the s same method of 


‘the vertical elements. The loads on the cantilever coments are 

_ Due to symmetry, the iecene: acting on an element i in a cylindrical tank a. 
7 varying ng wall thickness are as shown in Fig ig. 6. 4S he ae of soe 


Equilibrium against moment: 


in the radial direction: 


Thee corresponding 


Asst. Engr., U. S. Bureau of Reclamation, Denver, Colon = 


Berechnung von Behiiltern,” by Th. Péschl, Berlin, 1926, Second Edition, p. 132 ff; 
“Beton und Eisen,” Vol. 7, 1908, p. 150; “ Concrete and Constructional Engineering,” by Ww 
iL Carpenter, April, 1927, ts June, 1929; * Reinforced Concrete Reservoirs and Tanks,” = | 
by W. S. Gray, London, pp. 11-15; and “Arched Dams,” by B. 
Am. Soc. C. B., Vol. 83 (1919-1920); p. 2027. 
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— ihe movement in the radial direction 1s denote y y. 
radial and vertical direc gly defined 
if ‘6 3 
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4 


(21a) 


and,vertical 


direction is 
The hoop stress is “a 
aM = lathe. (22b 
in which = Poisson’s ratio = to 


4 for concrete. From considerations 


M 23) 

ait 


Equation (20c), using 
the free boundary condition at z = 0, 3 
together with Equations (21) a and 
-— (22a),S =0,or 


‘Us ing Equations (20a), (200), 


(23), and (24) the differential equa- 


tion for the radial movement, 


follows: 


which reduces to Equation (108) when Ti is constant and ; -2) 


the hoop tension is a 


wi ntegrated in terms of Bessel as shown ay F. Télke. 
trapezoidal section or one bounded by parabola and a straight approxi- 
mate methods are available — 


®“ Der Bauingenieur,” by F. Télke, January 8,1937, 
»“ Berechnung von Behiltern,” by Th. Péschl, 155 


— 
— 
— 
rom étthee gene 
tm 
— 
— 
— 
— 
J 
— 
— 
— 
— 


aoe thickness of the wall is not strictly rigorous except for very thin <a 
= However, for a wall of homogeneous elastic material, it can be shown that y 
ys his assumption is justified, in the design of tanks of usual proportions, by 

m making use of Lamé’s theory of thick-walled cylinders as described by 7 ; 
+ Professor Timoshenko." #_ He shows that the ring stress in the wall of va 


_ circular cylinder subjected to internal pressure is given by the expression _ ‘ 


a in which: a = the internal radius of the tank; b = the external radine of the 4 
tank; r= the radius at which given by Equation (27). Equation (27) 
_ indicates maximum ring stress at the inner surface of the wall, anditiseasy to s 
; determine that the ratio of the maximum stress to the minimum stress at any 


Fo the weil used in the author’ “35 = 1 .0214; and, 
Maximum 


gale The position of the S, ong be writing the of 
about the center of the tank," integrating throughout the thickness of the 


= this by total stress, S. hel bates fort 


in which —- the. radius to the resultant total stress, s. In the author’s 


example, = = 1.0214 and Equation (29) 34.3737 ft. The distance 


from the ‘ie of the wall to the point of action of the resultant stress, S, is 


sf then only 0.0156 in., or 0.0017 t. The tacit assumption by the author, that — 
- there i is no moment on a vertical section and that the stress is ‘uniformly dis- 
tributed across the section, may thus be justified. = j= 
= a tank wall the flexural rigidity is is more represented. ‘byt the 


- 5 which = Poisson’s ratio) rs rather than by t th 
Dept. of Applied Mechanics, Kansas State Coll., Manhattan, 
Strength of Materials,” by 8. Timoshenko, Part II, p. 531. 


und Eisen, B. 7, . 150. 


on crncuLar concrere TANKS SIT 
Frank J. McCormick," Esq. (by letter).—The author’s repeatedstatement 
he has presented a strictly rigorous analysis is open to question, because 
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_-MUCKLESTON ON CIRCULAR ‘CONCRETE TANKS 


sis term —— of the involved in thee evaluation of 


_— _ this quantity for reinforced concrete, and because the value usually chosen for a : 
- pis smal] (less than 0. 25) probably no serious error results from the use of the _ 
_ After evaluation of the constants in Equations (14) by the introduction of 
_ the boundary condition, y = 0 at z = 0, the author later discovers no Ting | 
7 _ stress at the base of the wall. This, he concludes, indicates that the pressure 
s at this point is resisted entirely by the cantilevers. Any other conclusion would 
be much more alarming, as this result is implicit in the boundary condition - 
just mentioned, and merely indicates the consistency bal the 
‘Tt should be mentioned that Equation (10), and its solution, Equation at, * 
7 were published by C. Runge in 1904.1 H. Reissner extended the solution to - 
include walls of variable thickness in 1908. 18 latter work, reproduced and 
further extended by V. Lewe, 17 includes tables and curves to aid in the computa * ° i 
of | the radial displacements, ring stresses, and cantilever: moments. In 
part the tables and curves are equivalent to those g given by the author in Figs. q : 
_ 8 and 4; but they also include data pertaining to tanks with walls of triangular — ’ 
Section ‘as well as t to those + with walls of | constant thickness. In this work, 
= § furthermore, may be found a rather incomplete table of constants for use in the a 


analysis of shallow circular tanks with walls of trapesoidel postion, ce 


18 M. “Aut. Soc. | . E. (by letter) — —Stresses in a 
circular reinforced concrete tank are analyzed ae an ‘interesting method in this £ 
{ paper. In the course of this analysis, the author makes certain simplifying - Mi 


assumptions without which the resulting differential equation probably 


(1) Implicit in in | Equations (3) a and (4), that the area of the ring « steel i is U uni 
form from bottom to top of the wall; 
— (2) Implicit in Equations (9) and (17), that the moment of inertia 5 of tot . 
- elementary cantilevers is uniform from top to bottom (which means that ed 
steel areas in both faces are uniform); 
(3) Implicit in Equation (9), that of the cantilever 
shear may be neglected; (Go) aiott baa RISE 


Ce? 


4) That E and Ey may y be considered as equal; and, 
@) That Poisson's ratio need not be considered, 


ceils Although the last three of these may be of small importance, the first two — 


are fundamental and must be closely realized in design or the entire analysis 


48“ Strength of Materials,” by S. Timoshenko, Part | Il, p. 475; see also “ 

Uber die Forminderung eines zylindrischen ‘Wasserbehiilters durch den Wasser 
- druck, ” by C. Runge, Zeitschrift fiir Mathematik und Physik, B. 51, 1904, 23 254; see also 

“Die graphische Statik der Baukonstruktionen,” by H. Miiller- Bresiau, B Il Abt., — 

2, 1925, p. 207. 
statische, Berechnung “der ” by V. Lev ewe, Handbuch j 
B. 5, 8 Aufl., 1928, pp. 87-96. 


Cons. Engr., "Vancouver, B. 
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MOORMAN ON CIRCULAR CONCRETE. 
Table 1, 1, the has adjusted the ring-steel areas to ring 
stresses on a basis of 12 000 lb per sq in. If the tank were built to these areas = 
the computed ring stresses could not exist since they were computed on the — 
hypothesis that the steel area was uniform. In fact if they | did exist, the do 
_ flection y would be uniform from bottom to top, which is contrary to > 
e Either the ring steel and cantilever steel must be kept uniform ( (in which 
case the analysis is applicable), or they may be variable, in which case the 
analy sis t be 
A If they are e kept uniform, thete' is a question whether a tank so designed will ee: 


be used for the entire The ring steel will then be 0.77% of the 
i" entire volume of concrete in the wall. To this must be added the vertical steel 

= which will scarcely be less than 0. 75% of the volume. ti This i is a total steel for 

wall, amounting to 1. 52% of the wall volume. old in od 


, F steel in the latter case would be cheaper t to erect, and the wall thickness might 
w It might be wound that havieg the cantilever action out of consideration _ 
, will result in ring cracks near the base of the wall. It is questionable if experi- 
ence would bear out this contention. . Many tanks have been built on that basis 
and it is not on record, so far as the writer knows, that even a large proportion of © 
4 them show such cracks. If they are feared, the steel in the lowest foot might 
~ be computed on a basis of, say, 8 000 Ib per ee] in. n. That would reduce the out- 
4 ward deflection to a point where the shear resistance of the concrete could take — 
care of it easily. In the | case in question, the outward movement, if there 
om smooth, frictionless joint at the base, would be only about 0.0117 in. 
B. B. Moorman,!® Assoc. M. Am. Soc. (by letter). — —This 
 *~paper is a very worth while contribution to American ee literature on 
the subject of circular concrete tanks. In England W. S. ._ Gray has published 


two books’. 21 on the design of reinforced concrete tanks ane water- are ; 


Associate Prof., Civ. Eng., Univ. of Missouri, Columbia, Mo. = > 


Reinforced Concrete Reservoirs and Tanks,” by W. S. Gray, Publications 
mited, London, England, 19381, 


De 
Reinforced Concrete Water Towers, Bunkers, Silos and Gantries,” w. Gray, 
Concrete Publications Limited, London, England, 1933. 


Concrete and Constructional Concrete Publications 5 Limited, London, 
_ England, Vol. 22, April, 1927, p. 237, and Vol. 24, June, 1929, p. seen QarmonigeA 


“a 
— 
— 
if 
4 

 @ 

4 
a 

| simple cylinder hypothesis. In the example the maximum ring steel area is 
the simple cylinder hypothesis would require about 1.07% of the wall volume, 
| to which about 0.18% must be added for vertical spacing rods. The difference, 

| 

| 
| 
a 

am 
a 

a. 
i al 
tained from an earlier publication” by H. Carpenter explaining the method by 


= 


MOORMAN ON CIRCULAR CONCRETE TANKS» 


‘Figs. 2,3, however, are ‘more comprehensive. According t to Reissner 


theory all ‘aah with equivalent K-values K = which r = ra 


ra inside of sale’ have similar load- distribution curves. ‘This ‘K-value i is b> 
similar to the author’s The author bases his curves on equivalent 
whereas the curves presented by Gray are based on equivalent K-values. Ai 
Equation (17) would be understood more clearly if it were written 


176 


‘This equation may | be simpli further letting R h= nd 


work involved in computing by use of Equation (30) or (31) would 


_ probably be about the same when reviewing a tank ¢ of given en dimensions.  How- | 
ever, Equation (31) is more flexible in that only relative dimensions are needed ¥ 


Using the data of the author’s example, , the bending moment (both pe positive 
; nd negative) and shear are computed as follows:*° Since the curves presented _ 


_ by Gray are for values of K equal to 0, 10, 100, 1 000, and 10 000, only a rough 


_ Upon sketching a curve for K = (425,24 values a: are obtained for the coefficient : 
C1, by use of which the rng tension can be computed i in pounds per foot oft wall - 
2.—CoMPuTATION Ring TENSION» 
wits Pont 1.0 at THE Tor 


07 |o6 | 


Coefficient, C,. 0. 13 0. 18 o4 27 |0. 31 0.36 | 0. e, 0.33 | 0.25 

wall height 4920] 7 390| 8 480| 9 850 10 121 120 | 9 030 6 840 


62.5 iz, 5)* =4 300. ftelb per ft. The value of the positive moment 
_ taken as one-fourth to one-third of the negative moment or, using an average of ; 
“this range, M = 0.29 X 4390 = 1273 ft-lb perft. 


2 From curves by Carpenter; “‘ The Calculation of Cylindrical Tanks with Rectangular, | 
| Triangular or Trapezoidal Wall Sections,” by H. Carpenter, Concrete and Constructional 
Engineering, Concrete Publications Limited, London, ‘England, June, 1929, 2, 3: 
3 Selected from curves ; loc. cit., Fig. 3, p. 848. es 
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TANKS 5 

aa The shear can be obtained by subtracting the portion of the horizontal load 

:" : carried by the rings from the total horizontal load; or, V = (0.5 — 0. 241) ; 
62.5 X (12.5)? = 2 539 lb per ft. The use of the coefficient 0. 241 is not quite 


= proper | since it it is the ie average coefficient for the ring tension at the top of the 


ie 


That is, fe = 65, = 

stress is 151 ib per sq in. 


tion (19), A steel bar, embedded — Ms 

concrete, is shown in Fig. 7. The Se 

section of the steel is A p and of the con- 
 erete is A(1—p). Ina unit length the concrete tends to shorten a distance | 
which is the coefficient of contraction of the 


a 


In order that the system shall bet in equilibrium the of the 


zontal stresses must zero, or 
Equation (32) | is derived by combining Equations (36) ‘and (37), and ng 
Dana Youne,™ Assoc. M. Am. Soc. C. E. (by letter)—The general 
analysis of the problem stated in this paper has been developed thoroughly — 
ee by various European engineers and is presented in standard references such — : 


= those of Péschl,?’ Fliigge,?* Love,?* and Léser and Lewe.*® However, the work 


Assoc. Prof. of Civ. Eng. , University of Connecticut, Storrs, Conn, 
™ “ Berechnung von Behiiltern,” by Th. Péschl, Berlin, Germany, 1926.0 = 
™*“ Statik und Dynamik der Schalen,” by W. Fliigge, Berlin, Germany, 19384. 
eH A Treatise on the Mathematical Theory of Elasticity,” by by A. E. iH. Love, EE 


“ Behiilter,” 7 B. Léser and V. Lewe, in ‘Handbuch 
Third Edition, Vol. Bertin, Germany, 1984. 


_ 
a agree fairly well with the author’s values. a 
Although, in practically all cases, Equations (18) and (19) are satisfactory, 
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ON (CIRCULAR CONCRETE TANKS 


by the author in the constants defined in Equations (4) i is 


great value i in designing relatively shallow t tanks. od} ud 


points in the paper. 
is found by dividing the total stress by the cross-sectional area of the ring. ey 
- would be more correct to divide by the area of the transformed 7 
a + np) t dhas the author finally does i in Equation (19). | Equation (9), which Ms 
js the formula of flexure for a beam, does not apply strictly to a strip of a 
* ‘Plate or shell since the adjoining strips restrain the free transverse deformations, . 
As shown in various references," for the case of a plate or shell the aces 
2 


‘3 


assuming that Poisson’s is zero. "These corrections would not affect 
that the value of the constant B would then be | 


| 


cases. Furthermore, Zo willequal Zin most cases. 


The solution of Equation (106) giv en by the author i is based on the assump- 


tion that the tank is of constant cross-section and has the same reinforcement 
_ throughout its height; that is, that ¢ and J are constant. Small variations in : 
the percen‘age of reinforcement probably will not change the results —- 
but caution should be used in any design in which ¢ and J vary considerably. ed 
_ The analysis for such conditions is more complicated, of course, but is well 


_ treated in the references of Péschl”” and Fliigge. oe 


Asi is clearly stated by the ‘author, the cddbtantes d determined by Equation 

(14) are for the case in which the base is completely fixed. The —e 
_ must consider carefully whether or not this condition i is realized in the tank — 
being designed. If the base is not perfectly restrained against rotation of a 7 
vertical element, the negative moment at the base will be less than ad. 


calculated, but the values of the maximum iad and 


be greater. = tae) ur on uf (Se) pola ipa 
_ It may be well to note that the condition which the author assumes at i. 


‘ top where z equals ‘h—namely, that the shear and moment are zero there— 
_ is true only if the water level is exactly at the top of the tank. if this is not 
go, the part of the tank above the water level exerts a restraint on the deforma- 
tions at the water level. This effect can be taken care of in the evaluation of 
constants, although the numerical work involved would be tedious 
‘The analysis of a circular tank is simplified when the depth is great, or 

more when large (say, greater tha than this case, it may be 
0, or (what is the ‘same e thing) that Ci = = 


“Strength of by S. Timoshenko, New York, ty Part 
also Footnote References 27-30. ¥ DGS 
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YOUNG ON CIRCULAR CONCRETE TANKS 
“‘Sadeeemniinatig ht follows from the fact that the term in Equation a) 
a containing these constants represents a damped harmonic wave which starts _ 
at the upper boundary and is so rapidly damped that it has little effect on the 


conditions at the base. _ Physically, this may be seen from the fact that, in 


‘- deep tank, the conditions at the upper boundary will have little effect on — 
"those a at the base. This i is clearly shown in Fig. 2, in which, for values of 0 — 


greater than about 1.2 x, the values of the constants C, and C; are practically a 
 gero. Using this assumption, Equations (14) give A = B = 0; C = — F@; 
9) Then, farther assuming a homogeneous tank of constant 
r2 


—- and neglecting, Pois ’s ratio | in which case 0 = e 
at the base is found 


which checks closely with Fig. of 6 greater than + 


“Ww 
20 wht 
which checks Fig. 5 for large values of @. The ring tension for this case oa 


Paige whe (1 2) mor ones 1-1). in 0 
in which a = 6>. Numerical values computed from Equation (42) f for the 
= 1.57, are given in Tobe 3. ait 


04 0.533 


Fe otogme show the effect when the wall at the base is not perfectly fixed, it ae 
interesting to investigate the case in which the wall is pinned at the base. = 
Then the results for partial restraint will lie between those for this case and 


oS those for the fixed base. Again assuming that A = B =0, the constants C a 
_ and D are determined from the condition that the deflection and moment _ 
at the base of the wall are zero. + these conditions in Equations ia 
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CIRCULAR CONCRETE TANK 
(Ql) and (138), the oie of the constants C and D are found to be | 
and, D=0. Then the bending moment is given by 


‘the following for the maximum positive bending moment bop | 


Values of this positive moment are greater than ‘the positive 1 moment i in the | 
case of a tank with a fixed base. 


The shear at the base i is given tie x 


These are less than those for the case of a fixed base. 
The ring tension for the case of the wall pinned at the base i is given by 


‘The maximum ring tension fort this case is greater t! than for a fora fixed base i pie : 
comparison, the ring tension coefficients as computed from ‘Equations 
_ and (46) for the case in which @ = 1.5 x are shown in Table 3, together with the 


values read from the author’s curves in Fig. 4. 


Ld. -Menscu,?? M. Am. Soc. C. E. (by letter) —Among the great ‘number 
of f similar problems occurring in the construction of tanks, grain elevators, ships 


_ and submarines, airplanes, arched dams, and beam and flat-slab foundations 
_ on yielding soil, the author’s paper treats of the simplest case. By no means is 
it simple to the every- ~day engineer ; very likely the author has spent years in 
developing the analysis and i in computing the data on which Figs. 2, 3, ‘and 4— 


oe This ‘particular problem was solved i in connection \ with the design of high- — 
"pressure boilers in 1878.% With the introduction of reinforced “concrete, 
_ Many papers appeared on secondary stresses in tanks, domes, and foundations." _ 
After 1904 the Society published | the most important analytical and experi- ; 


‘mental investigations ever made on arched dams, which is a vastly more 


Engr. and Constructor, Chicago, Ill. 
der Elasticitaet und by Berlin, Germany, 1878, 
Handbook on Reinforced Conerete, by. F. Emperger, Berlin, Germany, 1907, and 
"Succeeding editions; Volume Fluessigkeitsbehaelter and other volumes. 
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ON CIRCULAR CONCRETE TANK 


aa American designers will look with awe at the forbidding appearance of 
‘i ine (14) and will hesitate to use o use them because of possible typographical - 


i. and other errors. Other suthors have developed short-cuts and have con- 


structed tables pa diagrams. Evidently, the author took cognizance only 
of the short-cuts published in American literature 0 on the pepe of circular 


tanks with a characteristic, pester than 10,. and, for his own 


safety, to use the vertical reinforcement required by this analysis. = 

me Such practice prevailed 30 yr ago (1909) in the design and bouukireidtiola of | 
arched bridges. Laboriously, by the elastic theory, using the summation — 
designers determined the moments acting at critical points. _ They 

did not ‘use these moments for the design of the arch, but drew the line of pres- ; 
sure for live loads on half of the span after many trials, and made the arch — 

— section deep: enough so that the line of pressure did not fall outside of the middle — _ 
third at any point. Many concrete bridges were built at that time which were 
heavier than stone bridges built many hundreds of years ago, and are still 

When it became fashionable’ to use e reinforced 

‘supply, of patented bars were “thrown in for good measure. 

‘The same conditions may be found even to-day with to rigid- frame 

Trade scatter pamphlets by the ten thousands, praising 
the summation method. The final result is that such bridges. have been built, ve 
according to the writer’s opinion, for a moment of —— at the haunches so that a 


a The author’s analy sis is based on the assumption » that the circular wall is h 

2 at the bottom, both for rotation and horizontal and vertical movement. | 

This condition i is obtainable only i in the rare case in which the wall i is anchored — 

3 ina a trench of solid 1 rock; in most , designs ' which came to the writer’s notice, the 

designer tried to prevent rotation by a special wide footing beneath the wall _ 
and floor. - Sometimes s the « cost of the footing was 3 greater than the cost of the 
wall. In higher tanks the horizontal force from the water pressure at the - 

bottom of the wall was sufficient to move the wall } in., hi in., and in some known Bs 
cases 1 in. and more, playing havoc with the ordinarily poorly designed joint 

- between wall and floor, and this practice resulted in serious leakage. . The ring : : 
_ stresses become greatly increased due to such movements. If, by some miracle, i 
the wall does not move, it is a practical certainty that there will be a rotation 


etn and steel were used in the center so that the bridge could not failif the | 


=. the wall at the » bottom, especially if the footing was skimped in order to save fh 


money. Such a rotation will diminish the moment at the base, will i ee 
the positive moment more rapidly, and will also increase ring stresses. 


vel. , 1923, pp. 87- aus. 


- ay How much confidence do practical engineers and owners have in such in- | ia 
volved theories? They have very little, at least in the writer’s experience. 
 Inall likelihood, the chief engineer or owner will direct the designer to use the 4 
same ring steel as if the wall were unrestrained at the bottom and. for creater _ 
G a 
q 
4 3 
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tension due to continuing diminished adhesion. 
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ON CIRCULAR CONCRETE TANKS 


ay Where a group of tanks i is to be built, it is uneconomical to use circular ail 
and covered square tanks may be less costly than open round tanks Pat 

separately. In such tanks the walls are computed for top and bottom re- 

_ straint, and the corner restraints are determined bys an analysis similar to that 

<b Domes 0 of large span, covering eireular tanks, will exert a large thrust at the : 


heavy ring is used to take up ‘the thrust, thereby i increasing ‘the ring 


stresses and causing secondary bending in the walls, 


Jens Ecepe } NIELSEN, 36 Assoc. Am. Soc. C. (by letter) — 


2 idan has revived the problem of a a cylindrical shell, closed at one e end, in its — a 


_ simplest and most practical form where the thickness of the shell is uniform. 
_ The general problem was treated in detail by Professor Grashof 37 in 1874. 
_ How ever, his solution of the fourth-order differential equation is not directly 
° spplicable to practical use, and the author, therefore, is to be congratulated © 


- for offering : a solution which embraces most considerations required by the 


In order to render ‘ ‘unto Caesar the things which are Caesar’s,”” : 
fair to state that it is an erroneous conclusion of the author that all concrete * 
tanks constructed previous to the appearance of this ; paper had been designed - 


_ haphazardly or inefficiently. _ It has long been known that the shape of the - 


elastic curve is clearly a function of — as the author correctly states. © marty 


on this fact, it has been possible to make a close approximation of the distribu 
tion of the load between the ring g and the cantilev er, and tables compiled on 
‘this basis may be found in offices where concrete water tanks are designed, 


_— tables a are re probably a as s efficient a as s the author’s diagrams, and naturally J 


In water tanks it is important that no eracks develop; due to the 


high internal pressure, water will penetrate and in time destroy the reinforce- 
- ment and the wall. _ Experiments at the University of Illinois indicate that — 


a stress of 6000 lb per sq in. should not be exceeded in order to cre ; 
hair cracks in the concrete. _ The author recommends 12 000 4 
‘per sq in. as the proper working stress. _ Here, then, is a difference of opinion, 7 
and designers are again confronted with a method of design more refined than q 

if insufficient additional reinforcement is provided to take care of wee 

_ metric and temperature changes, as suggested by C. P. Vetter, Assoc. M. Am. 
— Soe. C. E.,38 and a stress in excess of 6 000 lb per sq in. is permitted, fine hair — 
cracks 1 will develop : and, in time, the r ring steel will be required to sustain all 
_ The modulus of elasticity ie 
- therefore, will not be equal to E when this stage has been reached, but will 
probably be nearer ten times E. Hence, the value of 8 and @ must be modified 


Transactions, Am. Soc. E., Vol. 98 (1933), P. 1039. 
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anc 
designers ¢ are confronted with uncertainty which, they 
: pressed for time, they overcome by ‘ ‘Playing safe,” ’ providing for the = 
gle It may be opportune here to draw je attention to the importance es con-— 
tinuous operation when placing concrete in the forms. If the operation is 
q interrupted, the finished tank will develop a . horizontal leak precisely at that — 

_ level, and it requires considerable care and expense to correct it afterward. 
4 The writer recalls one tank for which the cost was increased several hundred 
dollars on account of a short lunch period. Ine wat 

st This paper is highly meritorious in that it provides an avenue of approach Re 
_ which may be extended at leisure to conform to the individual designer’s ideas. _ 

Luoyp 8. Jun. Am. Soc. E. (by letter) —This paper 
_-provic ides a distinct advance in accuracy and ease of design of an indeterminate — 
problem of frequent occurrence, particularly by the inclusion of Fig. 4. Un 4 
fortunately the Plotting. of C_m is not consistent with such accuracy. However, 


it can “a trom the ‘expression (2C,+2 + 6 


on which i is derived from Equation (14a), , by using a value of 8= 7h - >and a 


_ the values of Ci and Cri in ‘Fig. 2. A direct means of computing the ee : 


of the point « of inflection of the wall moment is quite 2 desirable but is not 


entire wall height and may, by a “my of sign, be beim: to exterior fluid- 


following Table 1 would lead the reader to that conclusion. 

From physical considerations it seems that with ‘partial mow mea use 
of the loaded height gives values of 6 less than about 1.0 7, the mathematical 
analy ysis may be seriously misleading. Fig. 4 shows that for values of 0 less 
than 1.07 the ‘ “cantilever ” effect (the effect more nearly resembles that of a 
beam fixed at one end and supported at the other than it does a cantilever) 
induces a considerable circumferential stress at the. top of the loaded portion of > 
the wall which is supposed to be the top of the tank. The analysis gives ae 


stress where there is no load; therefore the wall above the loaded height would 
have no stress. Thus, for shallow tanks, the analysis would indicate that a 
highly stressed ring of wall existed | adjacent t to one which h carried no load at all. 


when the wall extends some above height of fluid 


stress and a decrease i in moment at the base. 


—— 
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‘no Manning," i in an analysis based on the same fundamental eqentiin (Equa- 
tion (208), provides | charts to give exact values of moment and shear at the 
base. However, he uses approximations to determine hoop reinforcement in 
deep tanks and gives no solution for finding hoop reinforcement in shallow 
tanks, Leeper“ greatly simplifies his solution of the differential Equation (10b) 
by neglecting certain terms, and by further approximations derives ‘simple 
algebraic expressions for the design factors. 
__ For the height above the base at which the point of inflection of wall wank 
occurs, Manning“ suggests 0.61 vrt and Leeper gives 0.56 vr t. 
_ It frequently happens that greater economy can be realized by using a wall — 
cross-section which tapers toward the top. Some conception of the effect of 
ni peeornen walls can be gathered from an article by H. Carpenter® in which - 
‘ — load- distribution and base-moment curves for tanks with walls of bore 


wale determine the niidions economy of fixed-base design, compared with 
hoop-tension design, a carefu il estimate was made recently on two 75-ft di- 


ameter sewage digestion tanks, 24 ft deep, in which the chief difference (in 
addition to the redistribution of reinforcement) was a graphite painted copper | 
‘joint at the base of the wall designed for atop tension only. _ The estimate Ww 


$2000 lower on the fixed-base tank. 


SourocHNIKorF, Esq. fey —In Mr. Salter’s ‘numerical 
example only stresses due to hydrostatic | pressure and curing are computed. 
As the structural stresses are low, the temperature stresses may be expected 
to be proportionally important. _ Assume, for instance, that, due to a decrease — 
of temperature, the e rings: are shortened. ¥ The base, being restrained by the 
foundation, may not undergo the same shortening. For an effective difference 


of 10° F between the average temperature of the walls and that of the base, q 2 


a ring, if not restrained by the cantilever, would have the radius decreased by 
0.000006 10 35 X 12 = 0.025 in. Due to the hydrostatic pressure alone, 


a ring at mid-height of the tank, if not restrained by the cantilever, would have ~ al 
its radius increased by X 35 X 12 = 0.021 in. 

Therefore, it may be expected that the temperature stress in the cantilever is - 


4 the same order of magnitude as the hydrostatic stress. 4 
The stresses due to a difference of temperature between the walls assumed — 
" constant throughout, and the base, may be analyzed by the same method as of ; 
the hydrostatic stresses are analyzed in the paper pa For a temperature differ- 
ence of T° F, the rings, if not restrained by the base, would have the et . 
decreased by 3 yo = 0.00006 T X r ft. In this deformation they are restrained | 
by the base. It is seen that the differential equations and their ingenien 4 
are exactly the same as for hydrostatic pressure, with w = 0. For the deter- 


“Reinforced Concrete Design,” by G. P. Manning, Second Edition, p. 331. | a 


4“ Design of _ Tanks,” by L. D. Leeper, Jun. Am. Soc. C. E., Civil Engineer. 
_ ing, Vol. 3, No. 11, November, 1933, pp. 598-600. 
= emieien of Cylindrical Tanks with Rectangular, Triangular, or or Trapezoidal Wall i 
es ” by H. Carpenter, Concrete and Construction Engineering, Vol. 24, No. 6, June, 
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RC ONCRETE TANKS 


7 mination 7” arbitrary « constants one may assume at at the top tl that = 


than that obtained by other. methods. ‘it se 
that it can be extended with hs to take into account the secondary 


 Rears | F. ‘Far, “ ‘Jun. Aw. Soc. C. letter) in circular 
tank design’ is aided materially by Mr. Salter’s paper. The effect of shell 
restraint or fixation at the base (a condition which tank designers realized 
- existed, yet hesitated to consider in their designs) has been analyzed very 
‘The importance of the type e and degree of restraint of the tank wall at — 
- the base is somewhat difficult to determine. For a rational design it is reason- | a 
able to discount any appreciable horizontal or vertical m movement at this point, © 
- but it is more difficult to conclude upon a reasonable assumption with respect 
to rotation about this point. The combined effect of the wallring tension and _ 
- the bottom restraint tends to cause a rotation. if the bottom i is rigid enough ~ 7 
« counteract any rotation, the cantilever effect of the vertical wall segments | 
- will come into full effect i in carrying their share of the horizontal load; but if 
the bottom should deflect somewhat, due to the effect of rotation, the » load- 


carrying capacity of the cantilever segments will be reduced ‘somewhat. 


Therefore, considering the wall 
degree of restraint may be con-— 
= sidered as a function of the rity 
When investigating a cireu- 
wall for external pressures, the 
resultant effects up ‘upon | the wall 
different from those caused by in- 
ternal "pressures. stresses in 
the wall may | be treated from the 
standpoint of the flexural rigidity of 
4 ring. For ‘stress investigation a 


nominal deformation from the true * 
deformation may be either ae ia 
or in the form of so-called 
- For an elliptical deformation the maximum bending moment is at Point A. 


— ‘Since the ratio of the applied external pressure is small with respect to the 
critical external pressure at which the ring would = (that is, if no 


 Engr., Des Moines Steel Co., ‘Pa. 
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‘SALTER ON CIRCULAR CONCRETE TANKS 
would result fron 
moment at Point Ais = 


Ma=hqa rt+5 


in ‘which, in addition to ‘the notation of the > paper: g = the canine pressure; r 
and, a = radial displacement = one-half ‘ “out-of- roundness” ; that is, one-half 
the difference between the diameter of the true circle and the minimum diameter 4g 
of the irregular section. The moment at Point: Bi is in the opposite direction: — 


+ Si ince a is small compared with r, r, the moments at Points A and B may be 


considered equal for all practical purposes, or: ee 
a 


called “flat spots” in the ‘circular wall are not plane surfaces but 
which have a lesser degree of curvature. For moment computations a section 
of wall including, and adjacent to, a flat spot may be considered elliptical in - 
shape. © ‘Treating the section ¢ as before, the > maximum moment: at the he center of of 
- the flat spot | will be that § given by Equation (48). x In this ‘case, how ever, the 
“radial displacement, a, is equal to the “out- -of-roundness.”” The designer 
should di determine ¥ whether care will be taken to prevent any localized i irregulari- : 
ties in building the wall section. if this cannot be ascertained, the moment due - 
to a flat spot should be considered ; otherwise, the moment due to a general _ 
ellipticity should be used. From several measurements, th the writer has found 
that an “out-of-roundness” ’ of 0.25% of the diameter may be anticipated i ina 7 
circular concrete tank, considering average construction methods. These 
iG moments i in the wall should be considered in conjunction with the e compression 
in the wall caused by ‘external forces acting on a ring considered circular in 
shape. These factors give a condition analogous to an eccentrically loaded. a 


q 


This treatment of external pressures on n walls of circular tanks dace not take 
tate consideration the restraint of the bottom, the cantilever effect of the 
vertical wall segments, or any resistance to torque imposed by the moments | te 
due to irregularities, which are of minor importance except in very shallow 


3 


GEORGE Saurer,“* M. Am. Soc. C. E. (by letter) —It has often 
i “noted that one of the chief values of a paper is that it ; brings o' out some inter- 
esting and ins tructive discussions. Several such discussions presented 


Messrs. Silverman, MeCormick, Moorman, and Young each brought out 


‘clearly, and correctly, that the solution of Equation (10) is nothing new. ae 


_ iad Structural al Designer, Dept. of Subways and Super Highways, Clean, | I. oh 
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> 
this regard the to stress the fact that the paper wee 
in the studies made on the design of a particular type of tank—settling tanks — 
for sewage treatment which were 126 ft in diameter with water depth of only 
22 to 13 ft. A study of the English literature on the subject gave very meager 
information on design for tanks of this proportion as, in most cases in the — 
‘solution of Equation (10), the value of the arbitrary constants A and B hed 


- of the studies was to evaluate these constants for the conditions as stated in 
. the paper. It , was found that the values of these —a were of considerable 


ine 
_ importance for tanks i in the lower range of values a = —. This is indicated 


clearly in Fig. 2. Since the publication of the paper it has | been brought to 
_ the writer’s attention that apparently a considerable part of the work had 
been done previously and that various graphs had been presented, chiefly i in 
fs; German publications, s some of. which are weer thes same as some of those 


Mr. Rosen garten suggests ni use of yeootruned rings at the top of the P 
: wall in order to simplify the design. This method, and also the method of b, 
~~ using a pre-stressed band for the entire height of the wall, were studied; but — - 


it was found that they were patented features and also of doubtful savings for — 
Messrs. Muckleston, McCormick, Silverman, and Young have stated that 


the method is not strictly exact in that the value of Poisson’s ratio has been 
neglected. The writer neglected this factor intentionally and made other oa 
assumptions as mentioned by Messrs. Muckleston and Young in order to 
simplify | the mathematical work. - It was not believed that any of these as- 
sumptions were of great importance. _ The word “exact” was used by the — 
writer in contradistinction to the approximate methods used when the — | 
trary constants A and B we ere assumed equal to zero. 4 _ Mr. McCormick g goes 
on to show that for all practical purposes the assumptions made, although not a 
‘The writer agrees with Professor Moorman that Equation (17) would be >. 
_ understood more clearly if written as he suggests in Equation (30). Equations — 
_ (82) and (33) are more exact and should be used instead of Equations (18) a 
and (19). Professor Moorman also shows that there is a close agreement 
i between the results secured by the writer’s method and that given by W. Ss. 
Gray. They agree as the basis for the two methods appears to 
Mr. Young ‘clearly, the importance of how 
_ the actual conditions conform to those assumed in the analysis. Probably — 
2 the most important of these conditions is the restraint at the base of the wall. 


tension will be changed materially from those obtained under conditions of 
fixed base. _ He also mentions that the analysis may be simplified considerably — 
the value of 6 is than This has 


; 
a 
| — 
as equal to zero. rrenminary studies mereated thet sch 
4  aseumntion led to results considerably in error and thus the 
ar. 
Ve > 
e 
n 
a 


"stated before, was interested primarily i in tanks of proportions whose 6- values” 
were close to, or less than, 7. #16 ad) 

_ Mr. Dysland’s data on estimated savings for the fixed-base tank over the 7 


same tank designed for hoop tension only are similar to some studies made — 
_by the writer. As the studies made were preparatory to the design of two 4 
batteries of sixteen tanks each it will be seen that the total savings would be 3 
considerable if Mr. Dysland’s data were even approached. = 
_ Previous to the plotting of Fig. 3 the writer made up diagrams showing the 
moment at any height of the wall for the same 6-values as given in Fig 4. 
From these diagrams the point of inflection isfound readily, =| 
It was not intended to infer that the method could be used for either internal oa ‘ 
or external loading to any partial height of the wall. a he conditions assumed © 
in finding the values of the arbitrary constants state that the moment and 
shear at height H are zero. This condition obtains only when the Toading 
extends to, or reasonably close to, the top of the wall. wer 
Mr. Mensch states the problem a and its answer, correctly, in that American — 
literature contained very little on the subject of design of large-diameter — 
_ shallow tanks and that the writer’s method was developed to ‘design a tank of ‘7 
these particular proportions. A difference of opinion appears to exist as to — 
how much confidence designers will have in such theories. It was hoped that | 
if the method met with the general approval of those who did follow the 
analysis the method would be of some value in the relativ ely limited field 
to which it particularly applies. It might be added that thirty-two tanks, 
126 ft in diameter, with a water depth of 12.5 ft, and eight tanks, 75 ft in 


diameter, and water depth of 14 ft, were so designed and built and are is 

In conclusion the writer wishes to thank all who have added to the value of of 
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_ The story of the Massachus tts Geodetic Survey i is that of the om ich ig of 


_ two needs with one ipa This i is not in its generality so ver y different % 
from the ideal that underlies, in theory, the pattern of all projects t to which th th . 


are certain special areas of aveiadeia in which advance has been halted and i is 


awaiting some outside form of impulse. Endowed research may ‘approach 
c them, or a governmental agency, acting in the general interest, ae sometimes 


yer 


* undertake them; but i in the r main, , they are not employment producing under “4 


The ‘Commonwealth of Massachusetts felt that there was a great nee need for a 


7 State-wide local control survey and sought to link it toa confronting human a 
“need. 


Control surveys: are necessary “prerequisites to highway planning, Lead 


veys, map-making, flood control, water supply, sewage disposal, and ‘sd 
“perpetuation of private and public boundaries. | They i insure the accuracy of 


; measurements incident to such ‘projects, reduce the cost of maintaining the a | 
required "degree of accuracy and provide ‘means for” -ordinating adjacent 
projects executed concurrently or at different times. _ 
_ Faithful use of the fixed points established by the Massachusetts | Geodetic c 
Survey will eliminate, for all time, the multiplicity o of origins, the over-supply of as . 
level datum planes, and the stupendous economic loss of thousands of uncon- — 


trolled surveys. ee 


The of the face of Massachusetts like the photography and 
portraiture of the face of Man, has undergone, in the course of the decades, 2 g 
certain easily discernible changes. Due partly to a growing g naturalistic s sense, 
partly to improved means of reproduction, it has all been in the direction of yg 

more faithful copy. _ The story of these changes is one of gradual lifting of that ‘g 
from its vague and indistinct contours to the more evenly defined surface 
- The practice of accurate, up-to-the-minute map-making, courted by, wil. 
even indissolubly married to, highways, railroads, | regional promotional enter- 


Me 1 Associate Civ. — 7 Dons. of Works; Mass. Geodetic Survey, WPA, 
Mass. 
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prises, and bureaus—as well as by traditional di 
the Federal, State, and local governments—is subordinate to and consequent — ‘ 
upon extended travel, broadened > communications, and increased land use. 
As such the demands upon map construction through the years have been a 7 


‘the: necessary preliminary step was taken by the Hous of 


- Representatives, which then adopted an order appointing a committee “to 7 
consider the expediency of determining a map or maps of this as 


Legislature.” ” Thus, having presumably | established for 


_ Likewise, as a co-ordinating effort in the same direction, on March 30 of the 7 
game ‘year, the Legislature directed the Governor to appoint a surveyor to 
make a skeleton n map of the State, the intention being to use this survey as a 
2 basis for plotting the information furnished by the various towns. | _Accordingly, — rt 
two months | later, Robert 7 Treat Paine, of Boston, Mass., , was appointed : as Chief 
- Engineer, and James Stevens, of Newport, R. I., as an Assistant; Mr. . Stevens % 
_ undertook the triangulation and Mr. Paine the astronomical work necessary to cna 
_ _ determine the latitude and longitude of many points in the State. _ Simeon D. -* 
a! Borden, a mechanic employed by the Pocasset Manufacturing Company, o of — 
We. Fall River, Mass., designed and constructed a base-line measuring apparatus. — 
ie He was persuaded to resign his position and undertake the measurement of a : 
base line in Massachusetts. This line, 39 009.73 ft long, was laid out on ‘the 
plain west of the Connecticut River in the Towns of Hatfield, Whately, and es 
Deerfield. From it was developed a network of triangulation containing about — 
— 650 stations and these data were used to provide an outline map of the State, a 
plotted on a polyconic projection and divided into five sections. In each 
‘section a central meridian was determined and from it rectangular co-ordinates | 


_ All town maps were reduced to a common scale and an ethene was made to 
co-ordinate them, along with the State lines and triangulation points, intoa 


skeleton ms map that would use all data available at the time. In 1841, the map 
Ws completed and engraved in six plates; it was one-man in its 


later stages by virtue of Mr. Borden’s own re In the 

end this map proved to be too thickly garbed with i inaccuracies and mis-ealings 

ol Beginning in 1844, the United States Coast Survey measured a base oe 
along the railroad tangent of the Boston and Providence Railroad, running 

_ through the Towns of Attleboro and Mansfield and ending in the southeastern — 

part of Foxboro. Upon this base line (10.75 miles long) there was developed a 

net of first-order triangulation as part of the general system of the eastern 
es oblique arc, extending from the Epping Base, in Maine, rae this — 

chusetts Base, and thence to the Fire Island Base i 


‘oR 
map, the Legislature, on March 1, 1830, passed a resolve directing each city, _ “y . 
i town, and district to make a plan of its territory on a scale of 100 rods to an +9 = 


= inch and to file such plan with the Secretary | of the State before June 1, 1830. 
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IN MASSACHUSETTS 

= precise e stations of the Borden s survey V were included and adjusted as part of “ 


“established the Massachusetts Topographical Serves ey ‘consisting of 
three members. This body was delegated to co-operate with the U. S. Coast 
Survey in completing the necessary control for for the preparation | of a contour — 
topographical survey and map of the Commonwealth. Later, under the 
_ of 1888, Chapter 336, the duties of this Commission were broadened to provide . 
for defining and preserving town boundary 
During the period, 1898-1900, the Topographical | ‘Survey Commission 
completed its assignment and published forty-two atlases for as many cities and 
- towns in the | eastern part of the State. With this task completed the Com- 
mission was ‘dissolved and its duties. transferred to the Harbor and Land 
Commission, which, in an effort to complete the assignment at cheaper vad: 
combined adjacent towns in one of oft 
all By the end of 1912 all the atlases had been published for all the cities and — 4 ; 
towns east of the Connecticut River. During the period, 1913-1915, the atlases _ 
of the section west of the Connecticut River to the New York State line we 


= "Eagan ever, in spite of the ‘realization of this long-brewing task, the job, so to f! 
_ speak, was just beginning. Every one was still “in the dark” as to the exact 3 
location of a piece of property. True, there were maps showing every city and . 


— in the State; true, by virtue of ore maps, ning along the road of 


They were still using assessors’ maps ‘upon n low of 
and loose adjustment. The data for such maps had been acquired by closed __ 
_ traverses, supplemented by disconnected traverses, into which were fitted old ma" 
_ surveys as described in deeds. These descriptions were rarely confirmed by a 
_ map, and no check had been made of the area said to be included by the bowels 
-asgiven. Many towns still had failed to set the widths of their most important — 

thoroughfares, thus creating a state of confusion for abutting owners who 
desired to make improvements on theirland. 

_ Engineers still were using about twenty-five or thirty different datum planes 
for level work throughout the State. Suggestive of the diversity that has 
existed is the variety of the following specimens: Mean low water at Boston 

Harbor; mean low water at Commonwealth Pier; Boston low-water datum; and ” 

tide level, Boston City Base, and Metropolitan Water-Works Base. | In 

“addition, there aremany others, ull a 

The economic loss of dhaedendi’ of uncontrolled transit surveys of all kinds a 
_ was running into millions of dollars for the State as a whole. Such surveys were 

based on an unlimited assortment of assumed, magnetic, or true meridians. — 

Plane co-ordinates, if used at all, were referred to an equally unlimited number — fs 

of origins without regard of their geodetic positions. Levels were based on 
every conceivable kind of assumed datum plane. It all ll represented @ mass of 
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much scientific, indeed, of uniform: and 
univ ersal measurements used by and serving one and all communities of the — 
7 State? There is a “hoary-haired truth” that runs to this effect, “You may get 7 

out of something what you put into it.” This is particularly true of the earth. i 
4 As the yield of a spring 8 plowing and sowing, and of a summer’s care, pro- 3 
~ tection, and re-plowing, is a fall crop paying triple or more the effort that went 
into it, so the yield of properly manipulated land control is a saving in money, | 7 

“time, and labor. | Not ‘ot only i is this true, but it is also a fact that data gathered 7 
from controlled surveys afford a a distinct advantage to ‘those who come after. 

= _ Engineers are familiar with the advantages of geodetic co-ordination and — 
through them all surveys are made permanent and indestructible, and are _ 


incorporated into one uniform system in which every survey is properly ; placed Big 
_ and related to all others. A controlled survey, being permanently fixed,maybe 
.! drawn upon at any future time for many other purposes aside from that for — 

sea-level 
t=. datum by means of spirit-leveling, was made under the auspices of the Massa- _ 
chusetts Topographical Commission in 1893. The late C. H. Van Orden, 

_ -M. Am. Soe. C. E., an officer of the U. 8. Coast and Geodetic Survey, a 
< engaged | to extend a line of precise levels from | Boston, westward across Massa- _ 
: chusetts into New York State, to a a connection with the | precise leveling which 7 


ie had been ne run ee the east side of the Hudson River. . His data, a 


lines of pre precise levels 
run by the Coast and Geodetic Survey in Massachusetts and, finally, 


in 1933, this organization re-ran the Van Orden line from Springfield, Mass., o 
In November, 1929, finally persuaded as to the importance e of ‘a mean sea- 
A. lev el datum for all surveys, , the State Department of Public Works authorised =— 
the purchase of a precise level and two invar-faced rods. marked a major 
iz _ and propitious development in the slow progress that was being made toward © 
+" * adoption of mean sea-level datum for the Commonwealth as a unit. — roa 
. Previous to the adoption of the Lambert projection, the increasing use by 7 i 
the Department of Public Works of the twelve Land Court systems of co- a 
developed a need for simplification. Through conferences and co 
Operation between the Land Court and the Department of Public Works, on + 
April 1, 1933, geodetic control was established on eight co-ordinate systems, six | 
of which remained as before, while two systems replaced four and two were 
discontinued. As the need for - trunk- line highways passing through many — 
towns and counties increased, the use of eight origins became more or less a 
in that equations of co-ordinates and azimuths had to be applied 
_ every time a survey passed from one zone to another. This confusing situation . i 
a been clarified and difficulties incident to practical application have been 


of tthe Survey of Massachusetts, 1894. 
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depending « on the of the State. State with a narrow east 
_ west width can be completely shown on a transverse Mercator projection, while 4 ; 
another State with a narrow north-south width ne be > completely : shown on a 


the transverse ‘Mercator projection, standard small circles are selected 
-equi-distant from the meridian of longitude passing through the center of the 
figure. The development of the plane of projection and the transfer of ter- - 
_ restrial points to the plane is similar to that pursued in the Lambert conformal 
conic projection, to be described subsequently. — ‘Both methods approximately — 
attain preservation of angles at a small sacrifice of accuracy in scale, resin oe 
_ the representation does not go beyond the critical dimension of the projection. ‘ 
The choice of projection depends upon the relative geographic dimensions of the 
‘Since the maximum error of closure accepted in second-order traverse is 
a: 10 000, it is natural to adopt this criterion as the maximum error in scale g 
acceptable for distances on the projection. Applying this criterion it is found * eH 
that the ratio will not be exceeded on a Lambert conformal conic projection — 


when the north-south distance of the area to be represented does not exceed - ; | 


- 158 miles. Likewise, on a transverse Mercator projection, the east-west & 
dimension must also not exceed 158 miles. As the critical dimension is ex- — 


ceeded, the error in scale i increases rapidly. If both « dimensions of the a area ato 


“required t to he hold the scale ratiotoanacceptablelimit. 
hk The adoption of either of these methods of projection provides a ee 

e system of plane co-ordinates for the entire area. After the geographic co- 

4% ordinates of the triangulation stat stations are converted to plane co-ordinates the © 
computations to determine the pos position of all intermediate points established by ,; 
traverse is simplified without any sacrifice in accuracy. § || 
tat Previous limitations in the form of f required u use of geodetic formulas and i 
methods, an impracticable expense in many cases, have been eliminated since 
the formulation of the State plane co-ordinate systems by the U. S. Coast and 


the | plane aourtenta system . of the Lambert conformal conic ¢ projection, and, A 
at the same time, can conduct his work saneiate to the onmenet methods of ae 


As is _— known the surface of the earth is not a plane but a curved al ad : 
irregular surface. For purposes of surveying and mapping, however, an ideal __ 
_ surface is assumed which approaches very nearly the shape of the earth if the _ 
entire surface were ‘composed of water. This assumed shape is not a — 
Geodetic surveying comprises | the extensive work of making 


computations of positions on the of tis spheroid. It 
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becomes extremely surveys over large areas. 


Also, it requires an intimate knowledge of higher mathematics and astronomy, 
and the highest degree of precision in the field observations, using the most 
elaborate and expensive field equipment. All geodetic stations on the earth are ye 
expressed i in terms of latitude and longitude; that is, each one is referred to a > 
- definite place in the network of meridians and parallels that are assumed to 
a over the surface of the earth in a definite and standardized manner, : 
‘Tt must be perfectly evident that geodetic surveying, although absolutely © 
- essential as a basis for precise control, is impracticable for use in ordinary 
survey work due to the rigorous technique and costly equipment required. — 
Perhaps, for this reason, in spite of the fact that it reached a rf stage | of 


: = in the existing surveys of the U. S. Coast and Geodetic Survey. fant wemiad 
ms, = Within these surveys lies a wealth of data, which can be made of tremendous 
rd value, not only to engineers and surveyors in every field of activity, but through bis 2 
them to every corporation, commonwealth, county, municipality, ‘Property — 
Sa owner, or individual who pays for any kind of instrumental surveying. This > 
value lies in the use of the monumented stations of the national triangulation - " 
oi system as. starting and ending points controlling all surveys. Since these 
* points ar are accurately located on the spheroid, and in relation to one another, - 
i they furnish a means of checking the work and of adjusting the errors in the 


survey. The > system of plane co-ordinates permits the use of these stations for _ 


~ control p purposes without involving the complicated computations otherwise __ 


, In a word, it constitutes a mathematically sound and accurate 4 


method of transposing work from geodetic or ‘spherical 1 to plane surveying © 


_ Particular reference to the shape and area of the ora The frame consists of 
two standard parallels of latitude, held true to scale, and a central meridian of 
_ longitude. The north-south dimension of Continental Massachusetts is 


considerably less than the critical, with consequent reduction of error in scale a 


ae order that the scale ratio applied | to o distances at the middle of the State 4 


shall be equivalent, although of opposite sign, to that for the northern and 
southern boundaries, it is neceseary to select the two standard parallels of 
latitude at distances from the most northerly and southerly points approxi- — 

‘ mately: equal to one-sixth of the north-south dimension of the State. ‘Conse- 

quently, the north latitudes of 41° 43’ and 42° 41’ were selected, together with 

at the meridian of west longitude of 71°30. 
The geographic frame for the insular territory was similarly selected. The 

standard parallels of 41° 71’ and 41° 29’, together with the er of 70° 30’, 
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ap whole have not taken an extensive interest in the general subject, and, conse- a % 5 a 
quently, have not developed to the full any standard of practice which might _ _ i 
enable them to utilize economically the great inherent possibilities to be found _ a ee 
— 
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form the frame. The latter projection excellently illustrates the in 
-seale ratio which accompanies a decrease in the area mapped 
The plane of projection is formed by a cone of revolution intercepting the = 
earth? s surface along the two standard parallels of latitude chosen for the frame. _ a : 
The apex of the cone is on the axis of the earth projected through the North | 
-Pcle into space. The imaginary cone of projection passes beneath the earth’s — 


surface in the area between the parallels and above the earth’s surface north and — 
- south of that area. Approximately two-thirds of the distance between the 
extreme northerly and southerly continental points i in the State lie between the | 7 
parallels. remainder is equally divided and lies outside. 


to Distances between points on the plane between the sander parallels are 4 


standard parallels the reverse would hold. Only. between points 
along the two standard parallels are true distances and, therefore e, equal upon — 
wel the plane of projection and upon the surface | of earth. ‘The angles 


= 


= 


angles between the lines connecting the identical points on the earth’s surface. 4 
This of angles is denoted as ‘“‘conformal.”” chan 
- The U. S. Coast and Geodetic Surv rey selected the State projection and 4 


prepared the plane co-ordinate projection tables to facilitate the wn 


ordinates, to an position on the plane projection defined by 
numerical co-ordinates developed on the single State system. The table for 
changes in latitude gives the numerical value of the radius and Y sonia on F 


the plane of projection for each minute of change, together with the tabular a 
_ difference per second for change in the ¥Y-co-ordinate and correction for scale, - 
their respective logarithmic expressions, The table changes in 
longitude gives the change in the divergent angle for each minute. _ These © 
tables and an acceptable manual of logarithms, , expressed to eight decimal 


places, equip the computer to convert geographic» co-ordinates plane 


The meridian through the origin might be weed: onthe prime. meridian, but ne 
reduce the mechanical labor in applyin ing interpolations in logarithmic tables it 
¥ ill facilitate computations to select, in this case, the meridian of west ree 
71° 30’, just east of the central point of the State, and assign to it the X-co- < 3 
ations value of 600 000 ft, this places the origin on a meridian west of the 
- most westerly limits of the State. Selecting as the other base the parallel a 7 
north latitude of 41° 00’ (south of the most southerly point), places the e origin” 


: of co-ordinates for the single State system at the intersection of these two lines. ‘a 


History or THE -Massacuuserrs GEODETIC VE’ od 


organization with the of applying the conformal 
conic projection to Massachusetts is known as the Massachusetts Geodetic _ 
‘Survey. Established in November, 1933, as the Massachusetts Local Control © 
‘Survey, its: s duty wa was primarily to make more widely ac accessible to local en engineers _ 
_ the advantages of the Federal triangulation net already laid in the State. In | 
general, its was: lessen throughout the State the distances between ‘the 
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marked in net by setting down intermediate pt At that time a 
"the spacing between marked points, approximately 25 miles | apart, giving only | 
124 miles from. any point to a triangulation point, was too wide for effective 
local use. The task and expense of running a 12-mile traverse or line of levels oO _ 
the site of a project were more than burdensome for an engineer undertaking a 
The Massachusetts Local Control Survey began its with | the 
running of traverse and lines of levels along highw: ays and Tailroads from one 
triangulation station or bench-mark to ‘another, with monuments set: 
i. intervals of about two miles en patie: - The accuracy of the work was to be — 
. such g as was appropriate to the short length of line and as could reasonably be > 
attained with the instruments av ailable. The error of closure allowed | for 
traverse was : 10 000; and for levels, itv was to 


in which s is the e dista nce, in miles. © The plan of operation was as follows: 


The S. Coast and Geodetic ey ‘created a unit of its own trained 
personnel to administrative and technical jurisdiction over the w ork. io 
de (2) It appointed an engineer as Director of the work in each State. a 7 


a (3) Through the State Director, it obtained the loan of nie lat instru- 


ie" ments, office space, drafting-tables, and other necessary equipment. 
(4) The State Director closely supervised ‘the surveying to 

edt 

i assure economy and efficiency of performance and mathematical ‘accuracy of 

pe results, in order that the prescribed standards of the U.S. 3. Coast and Geodetic : 

Survey might be met full 

- . (5) The Director established a central office where the results of the eal 


could be adjusted | and computed as the work progressed. 
early period of the project was with many of the uncertainties 
of adjustment and operation, characteristic of the emergency undertakings of 
the Government since the depression. _ The first limitation came in less than 
two months after operations had been begun. Ww ith thirty parties in the field — 
in 1934, , an executive reporting the insufficiency | of funds to 


"reduction of the personnel 375, to 75 w workers, by 15. Ae 
- cordingly, the field equipment w as collected preparatory to tying up the | 
a Up to this time the e office work consisted chiefly in computing and plotting 7 
on the Lambert projection the co-ordinates of the corners and mid-points of the a 
fifty-four topographical sheets of the State for the Massachusetts Land Court. 
However, on February 23, efforts to have the project personnel approved for 182 : 
were successful. Fourteen field and forty-one office men were 
re-hired forthwith; but in spi was still insuffi-_ 
cient to continue the traverse work wet of the Connecticut River. This plan, 
the time being at least, had to be abandoned. 
cial The next major adjustment came on April 4, 1934, when the project was 
By transferred to the ERA (Emergency ‘Relief Administration), — original 7 
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os SURVEYING PRACTICE IN “MASSACHUSETTS 


to a common basis | wry $16. 80 per week, from: Supervisor to. Rodman, was 
‘The first. few months of this ‘readjustment nt brought along anxiety and 
disturbing jolts. The accompanying loss in personnel | ‘definitely, 
obstruct the program. However, the spirit was unflagging and certain ac- ce 
complishments stood pr from the condition of disruption as indicated by) 
report for the year ending December 31, 1934: ated. visti 


(1) The ‘project had completed 585 miles of traverse, ‘including 1170 


4 


_ monumented stations; and 343 miles of preliminary computations showed an 7 i 


error of f approximately 1: 18 400. ~ Hie 


pene forest fire cont 
of fire towers with was not ‘complete. ‘The: 
Conservation in the fall of 1934 requested the Survey to » ecemplets the “tying- 
in’ ” process; likewise, in order that the Lambert projection might be used on the 
r topographical sheets for the location of forest fires, it desired that the Lambert. 
_eo-ordinates be computed for all the fire towers in the State. At about the 
“same time the Massachusetts Land Court requested a computation of ae -2 
Lambert co-ordinates for all the triangulation stations on Martha’s Vineyard —_ 
and Nantucket, as the triangulation stations on these two islands had been Fs p. 
adjusted on the 1927 North American datum 2 
_ At the beginning of this project, the geographic | positions ons of all the ‘established a 
“triangulation stations in the State, with the exception of the seventeen precise j 


_ stations, were based on the North American datum. Until such time as the = 
a 


remaining triangulation stations were either re-computed or re-adjusted on the j 
1927 North American datum it was necessary, for preliminary traverse compu- 
_ tations, to apply to each triangulation station as it was used, a correction to the 


published position to place it upon thisdatum. The rapid determination of the 
amount of correction: to be applied to a point was facilitated by 


"furnished by the Coast and Geodetic q 
ail ' These stations \ were re plotted i in correct position o1 on an accurate map of the a. 


North American datum and the 1927 North American ine: were » noted. q 
Points were by: direction lines which were divided into equiva-— 


These ‘subdivisions ‘established "points of equal correction which could be 
connected to equivalent points on adjacent direction lines. The space between i 


the connecting lines defined an area within which all sation were to receive ‘i 


equivalent correction in latitude. The distribution of in 
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_—— the mee of the State was covered with a somewhat rectangular a and — 
Sn or less regular grid, the unit subdivisions being about a mile apart in the 4 


- and west direction and somewhat less north and s south, to 


~ 


became a chart showing the amount of correction to be applied to the oo 

graphical co-ordinates ¢ of points included between the parallels. 
Plotting the position of a point (defined by ; geographical co-ordinates on the ; 
- North American datum) places it in one of the numerous grid areas. Thus, = : ‘a : 

the corresponding amount of correction is determined a and ad the position of f the — A 
point is adjusted to the 1927 North American datum. 

PA ; This chart was found, by later triangulation, to give results in general only 7 

o the nearest foot, but it served the purpose of determining a preliminary — 
steno of all the traverses and showe ed whether the work had been com- _ 


main purpose, , however, was to give a quick solution of control points in order 
that this information might be. available to the United States — 
» In 1935 the equipment and personnel of the project were strengthened to 

« the extent that the original program could be more fully and thoroughly a 
pleted and new work could be handled in its course. In caremiaed the quota 
employees was increased to 300, including 26 field parties. 
ee - further i increase i in — toa a total of 367 was made u upon the transfer — 


‘time. from 35 to 24 hr r per sr week brought about a decided slowing down of the 
work which was ever increasing in volume. Prior to January, 1936, transits 
used in all field work were loans to the organization, and, in general, § 
only in fair condition. As the transits read merely to the nearest 
minute, about 15% of the traverses had to be rejected. In time, this state of 
: “affairs 'S was brought to to the attention of the local officials who obligingly agreed 
x, to the p purchase on a rental basis, of twenty-four new new 20” and 30” transits. 
- With this improvement, errors of closure approached that of first-order accuracy 
“and rejections were reduced to about 5 per ont shine 


ae Additional undertakings by the Survey call for special mention. During 
1935 it started preparing maps for each city and town in the Commonwealth, 
showing t the location of all traverse and triangulation stations and bench- marks, , 
 gueb 1 maps to be used by the localities for local control surveys within their — 
limits. In October, the project was’ requested by the Department of Public © 
Health and the various municipal water supplies’ to establish bench-marks, 
a _ determine the heights of high and low water, the crest of dams and spillway: s, 7 
and establish the elevation of stand-pipes and of the ground-water level in 
driven wells on a common mean sea level basis. . Such a unified survey makesit 
possible to judge whether there is a presumption that a given ‘city 0 or town vn might 
find it physically feasible to obtain additional water from a neighboring source. ny - 
_ All systematic and reliable information about relative levels is certain to — 
4 —helpi in planning. It will be of potential assistance in times ofe emergency, which - 
Can partly be mee as to type but which can never be foreseen as to time or 
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SURVEYING» PRACTICE TN MASSACHUSETTS 
- detail. ieee isa natural community 0 of interest between adjoining towns and © 
cities because of the reciprocal assistance they might afford each other i in times - 
of need, when one had been better able than the other to cope with a 
conditions. Less spectacular is the opportunity for temporary tie-in in with a 
neighboring supply in the event of temporary breaks or of breakdown of te . 


servicing. A more glaring illustration is the assistance that sometimes can be 


rendered by a neighboring community in the event of large or protracted fire a 
or of suddenly threatening depletion of the ordinarily sufficient reserve be- a 
; During the same year (1935) requests for control were received from sixteen 4 
cities and towns around Boston. An additional request 1 was received for a e 
large amount of control for military purposes within the area of the newly | 
established National Guard Camp at Bourne on Cape Cod. One encouraging — 
feature about these requests was the marked inclination toward the adoption 
of the State co-ordinate system. By the end of that year 1 618 miles of a 7 

and second-order levels had been adjusted and 1275 miles of traverse completed — 
in the field with an average of error of closure of 1 : 23 100. tae ith mam! = 
The supreme test of the strength and resources of the organization and of | F) 
the fortitude of its engineers presented itself in March, 1936, when large arene 
of the State were engulfed by unprecedented ‘conditions: of flood. The Massa- 
chusetts Geodetic Survey was called upon to accept a task never before under- 
taken, namely, the collection, by specially directed and equipped eye-witnesses, SS 
of. authentic high-w water data. A plan to io establish ; a systematic series of 

_ bench-marks at bridges and dams along the principal rivers in the State — 
had been partly executed. Thus, with a trained organization and a substantial | 
vertical control base achieved, all was in readiness to launch the flood surve ey; 

and on March 18, supervisors were instructed to notify all party chiefs to pre- _ 
= their men for quick action in the field, if and when the emergency arose. = @ 

The men were to reach the flooded aven over as many roads as possible, in 

_ order to place the high-water marks at well distributed points along the entire 
course of streams where flooded conditions prevailed. An order was issued on — 
“March 19, and the full personnel of about 200 field men were thus assigned to _ 

_ placing suitable marks, recording high water at the site and at the very time it Ps. 
oceurred. This work continued until the extreme flood stage had passed. 
As rapidly as the field reports were received at the Boston Office, the position of ' 


- each mark was plotted on the town maps and these reports were grouped and Ss 


dispatched to the sev eral for allotment to especially organized 
During the fall of 1986, the U. S$. Coast: and Geodetic Surv ey asked the 2 
State Survey to determine the magnetic declination at about seventy stations — 
scattered over the State, from the tip of Cape Cod to the New York State line, a 
including all the islands. The results of 24-hr observations made at Mt. — 
‘Wachusett for seven consecutive days, to. determine diurnal variation, were . 
compared with the observations at the Observatory i in Cheltenham, Md. Iva 
In the beginning of 1937, also by request of the U. 8. Coast and Geodetic a 
‘Survey, two first-order arcs of (of triangulation across Massachusetts were 


started, together w with the necessary second-order triangulation, to tie in all 
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traverses, in order that a final adjustment m: might be made 


Travers erse: 


= 


bar t 


Number of stations established 
A Number of first-order adjusted stations 


850 
101 
= 


One interesting feature of ‘Survey’s work was the 
its 1 records, investigations, and standards. In June, 1985, ‘first 


including those established by the U. 8S. Coast and Geodetic Survey by the 
State project, together with a history of leveling in Massachusetts, specifica- 
tions for first and second-order leveling, a discussion of the various datum a 


planes, and a chart showing the relation of some of the ee fed datums in 

Fortunately, the Traffic Survey was in n the same building ¢ as the Survey. As 7 
its w w ork ork was about to pod in August, the | Geodetic Survey fell: heir 


modern multilith and machines, photostatic and reproducing 
Immediately the public 
Spherical and Grid Coordinates with Tables” was undertaken. 
eat instructions for solving geodetic positions, a description of the J 
Lambert projection, and directions for computing co- :0-ordinates, together 
During the year, a request wa was receiv ed fi from the U. Ss. . Geological Survey to — 
_—— as “— of the survey ey work i in this State, the determination of the 
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stream- -gaging stations. In 1937, a report was issued entitled “Stream 
Stations in ” This report contained notes on equipment and 
operation of stream-gaging stations, and stream-flow data as compiled by the _ 
_U. 8. Geological Survey, together with the descriptions and elevations: of “3 ; 

: reference marks at each of the forty-two stations. 

Information gathered out of the flood-control activities formed one of several — 
significant books: published by the project during 1936, “High Water 

- Data: Flood of March 193 A _ This is a tome of about 350 pages, based upon 4 


about 1 400 observed — which required about 800 miles of levels to deter- 


An April, 1936, cians by the project was a 46-page, very ry readable book, 4 
entitled “Status of Land Surveying in Eastern Massachusetts.” a "Another 
volume, “Technical Procedure for Geodetic Surveys,” released the following 
month offered a manual of instruction operation, m methods of 
_ procedure, and recording of data necessary for standard triangulation, traverse 
and leveling survey work. This publication has proved of immense value a > x 
: standardizing survey work in the State. A year later a volume was published 
entitled, “‘Plane Coordinates of Minute Intersections of Meridians and Parallels’ 
_ of Latitude Based on the Massachusetts State System.” 7 an 
: _ The various volumes mimeographed by the Reproduction Section testify to 
painstaking work on the part of the publishing unit of the project. bd The 
_ demand for these publications was more than flattering, especially i in view r Of 


the lack of any provision for eaenane or book promotion campaigns. 


THE UsEFULNESS OF THE PLANE Co- -ORDINATE ‘System 


What is the procedure of a surveyor de to use el the 
plane co-ordinate system as devised for Massachusetts? He will have pre-— 


a viously obtained from the agency the plane co-ordinates of the monuments at a 
P _which he proposes to begin and to end his survey, and also the plane bearings z 
or the plane azimuths, from these monuments to their respective azimuth — Z 


_ marks. Then, setting up over the first monument with the vernier at zero, he _ 

c sights: to its azimuth mark. From this line of sight he turns the angle and 
measures the distance to the next point in his survey which the instrument is _ 
to occupy. He also computes the plane bearing of this line from the given 

_ plane bearing between monument and azimuth mark. He carries his caleu- 
lated plane bearings, in the usual manner, right on to the end of the survey a 


monument, and on through the monument its azimuth 


from monument to azimuth mark should be the as that which 
After distributing his saandiins error, he computes the plane co-ordinates q 


(latitudes and departures) of his } survey, starting with those furnished him for — 


should agree with those aerdeaie furnished him. — Thus, he not only has a 4g 
_ check on both instrument work and chaining, but he has made a controlled - * 
survey which i is permanent, and is also i in nite proper with to 
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all other surveys in the system sO » that it can ‘he used i in the future for many 
other purposes. Of course, he should correct t the co-ordinates for his survey by 
distributing his error of closure i in latitudes and departures. iti 
he Tf he prefers to use azimuths instead of computed bearings, he first sets the 
-vernier to read the given azimuth f from the beginning monument t to its azimuth y 
mark and sights to that mark. Thereafter, instead of measuring g the 
- sequent angles, he simply reads the azimuths of the various lines directly from 
the vernier plate and closes on the previously given : azimuth at the terminating 4 ; 
monument. Because the magnetic bearings” will vary from ‘corresponding 
plane ones (often considerably), in various parts of the State, the magnetic 
va bearings of a all lines, and the date of the survey, should be recorded. — bc) ay 17 
_ The surveyor finds not only that the system can be used without sity f 
in but also that it simplifies the use of control data and gives a permanent general 
grid for the entire State. County boundaries, township boundaries, 
~ boundaries, intersections of roads and streets, and any prominent features of a 
eh region can be located accurately with definite X and Y-co-ordinates. — These 
' plane co-ordinates can be readily ’ transformed ; into latitude and longitude, and J 
point ean thus be definitely located in the network of meridians ‘and 
parallels that serve to locate points in the earth’s surface. _ Tf, in some manner a : 
: _ the marker at such a point should be destroyed, it could be relocated definitely — a 
on the ‘ground from its relation to other marked points. ai. This i is an — 


“the State system because of the large numbers involved. These large a 
were used in the State system only to avoid oid minus values in in co-ordinates in ‘any 
part of the State. In other words, the origin of the projection X= 0 and 
_ Y =0 might be said to be an arbitrary point. Therefore, if the relation of — 
th 


e grid azimuth w were maintained, one might use any set of X and Y-values. a - 


_ The minimum requirements to compute an existing traverse, or tie it into 7 
the State system, are the grid co-ordinates of one marked station and -. q 
azimuth that marked station to another station visible from it. The 


ordinates are usually in hundred thousands, such as X = 315 718.63 and 
= 457 245. 08, shown i in Fig. = & If the computer to such 


practice, it is customary to assume some number sufficiently 
large so there will be no minus values such as 10 000 or 50000. After com- - 
a the values of the traverse, the difference between the original co- 
_ ordinates and the starting co- ordinates should be added to the pe ere 
co-ordinates. This has been done in Fig. 1. The computations using a l 


lines | and curves, designated by S and C, will be self-evident. . 


A table of plane ‘co-ordinates of ‘minute intersections of ‘meridians ma a 


_ of latitude was prepared to enable engineers to compute the co- 
ordinates a any position by interpolating using the 
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longer ‘method involving 10-place natural or logarithmic tables. While 


- especially valuable for plotting purposes, the accuracy obtained in most cases 

_ will be sufficient for any survey, giving results checking within 0.01 ft. hetreess; 
_ The basic values for the projection in Massachusetts are the radius, in feet, ; 
from the origin of the cone of the projection, of parallels of latitude, and the 


value known as Y, in feet, of the length along the central meridian, of the % 
intercepts between minute parallels of latitude. The value, in seconds, of 0, 
the angle at the origin of the cone between the « central meridian and any other 


|THE COMMONWEALTH OF MASSACHUSETTS— —PUBLIC WORKS DEPARTMENT 
‘Computation and of Coordinates 


City or Town... 


unty...... 


0.861 9172 


_ END STATION. 
FIXED STATION... 
DISCREPANCY 


_ TOTAL TRAVERSE LENGTH 


The 


Fra. 1 


‘ Using g these basic v values, the co- ordinate values of: the intersection of every 
I 


ninute of latitude and longitude, within the State boundaries, were computed. _ 
This necessitated approximately 25. 000 separate computations for the X 
-_Y-co-ordinates of these minute intersections. These computations were some- 
_ what simplified by the fact that they were started at the 71° 30’ meridian, | 
known i in the projection system as the prime meridian, which has an . x- valueof 
— 600 000. - Thus, for about 100’ east and west of the prime ‘meridian, the co 
"puted distances from this point were added to or subtracted from 600 000— 
added when east of the prime meridian and d subtracted when west. a 
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‘SURVEYING IN MASSACHUSETTS 


ig When: all the co-ordinate values for the minute intersections we were > computed, — %, 


_— they were arranged | in a tabular form of which Fig. 2 is a sample. A range of — 


— lo 

- em ment. Each vertical « column of I’ of longitude is divided into four sections, +4 4 
— Section 1 gives the value of the co-ordinate, X, and between adjacent values, 

their increments, 4 ‘Section 2 lists the difference, 4X, ‘in the value of x 


: 4 and between these AX-values the differences, A,X, of AX between successive 
minutes of latitude given meridian progressing Sections 


Longitude in Seconds 


Y-co-ordinates. Thus, at a given la 


a differences can be found to the next larger ‘minute of latitude and longitu e. 
‘The complete table thus formed for the State of Massachusetts consisted 0 


_ approximately 270 pages similar to Fig. 2, giving X and Y-values and ae i 


To convert to grid co-ordinates a given latitude and longitude listed to 


‘wails or thousandths of a second, it is only necessary to locate the 


_ gives the X and Y-values of the intersection of the given latitude and longitude, 


rounded Off to o the next lower full minute. Then, by seconds, 


1 of latibude forms the side argument and 3’ of longitude forms the top argu- 


si required page in the table similar to Fig. 2, by use of a tabulated key, which | a : 


— 
q | 
a 
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a ‘PRACTICE IN MASSACHUSETTS 
divided by 60, into i A-values and wens increments found i in the tables, a 
line interpolation canbe made. 
‘The Y-co-ordinates, as determined from the tables, are slightly in error 
E because, between minute intersections, the parallels of latitude are assumed to 
3 be straight lines and actually they are curved. A graph was constructed — 
Fig. 3) giving corrections to compensate for this discrepancy. The values of — 
‘ X and Y as determined from the tables and the Y-correction are within 0.01 ft 


of those obtained through te use a the —— computation, using logarithms | 


Longitude 71° 03" 162660 


= 279,693,155 By, AY, = Azy, = 40.01 
-1,185.800 0,2608335/ -4546,87 (+1.19 x 0.5646167 
+3 428.962 6073.08 x 0,5646167_ 
56,141 0, 2608383[-23.55 + (40.01 x 0, 
gorrection from graph 


4 


. Also, by the use of these 
> ile, the time required to compute a grid. co-ordinate i is shortened d by 65 to a 
‘Ifthe intersection tables are used to obtain the co-ordinates when a geodetic 
"position is given for the starting station, the other computations in a traverse 
eed only 7- -place logarithms or 7- place natural function tables, which is s the 
same as required if the traverse were based on local co-ordinates. The only 
a difference i in oma traverse on the | State > system and on ona local l system is 
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THE ‘COMMONWEALTH OF MASSACHUSETTS-—PUBLIC WORKS DEPARTMENT 

Computation of Plane Coordinates on Lambert Projection 


7 


City or Town _Freeville Coun Bris Station __ SOMMINT 


> 


1927 @=__4) 46" 33.877 »=___m° 03’ _asibso a 


.of ¢) y (for min. of ¢) 30 


R’(Cor. for sec. of ¢)_| ~ 9.01 __||Cor. for sec. of 


(for min. of 
f (cor. sec. of d) —— 


computation | _ = 


63407468 


30103000-— 


_||log sin? § R sin? $- 


* 
y=the' value of y on the central meridian for the latitude of the station 
S= log of ratio for arc expressed i in seconds to sine 


y',and 6 are given in special tables 


b= Seconds of longitude bys 


Copy checked by: R.C.P. 
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SURVEYING PRACTICE IN MASSACHUSETTS: ere 


‘correction (Fig. 3) is given in Fig. The: chosen, station, Sommint, 
is located so as to be covered by the sample page illustrated in Fig. 2 2. be —wdti ail 
[lene that the numerical work will be self-evident. 


check ‘the results it in F Fie. 4 a computation of the for 


comment. ‘particular, the lose. check with. Fig. 3 is to be noted pital 


The value to all tetere land surveys of the rectangular system of plane co- f 
- ordinates will be in proportion to the local and community use made of Massa- Rs 


eS chusetts Geodetic Survey work already completed and to be accomplished. — 
i Every effort is being advanced to provide each community in the State with — 


fixed points of of horizontal | control together with the elevations: above ‘mean 
| 


Such stations are being located on individual town maps prepared for ready — 
ref reference, ‘Suitable symbols to identify the points are listed and explained 
a in an accompanying legend. At each of these horizontal control stations ‘the | e 
following data will available: (1) A description of the general 
oA (2) a diagram showing distances and directions to station reference points; (3) ~ 


a plane co-ordinates on the State system; (4) direction angles, distances, ane pi} 


_ asimuths to adjacent stations; and (5) elevation above mean sea level. id 30 


origin, the over-supply_ of level datum planes, and the varied waste of land 
er and will contribute to an enlarged 1 network of fixed points et rs 
permanence of location will rival that of the sun. It remains for the towns a a 
small communities themselves to effect this realization. _ It remains for a ie 
ee see to it that future public or private surveys are tied to and developed upon fn. mae” 
the data available at control stations; that the positions o of all ‘important 

> by and of monuments are made permanently recoverable; that old estab- 
lished Points: are co-ordinated with t the new “control points and proper recom- 


putations made; and that : 


all future. local wo ork is tied to the State aa 
mi It likewise remains for these communities to appropriate sufficient funds to 
carry on this local work and to maintain complete records of procedure and 


= is the story of “the est establishment of the system of rectangular co- 
ordinates in the State of Massachusetts and such is the path that tal be 
followed for its com aplete extension and realization. 


ay 


grid inverse, Wil give the and distance pevween Known stations. 
Tlatne thie inverse azimuth the work mav proceed as with anv othertraverse 
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‘SURVEYING PRACTICE IN 


AND ITS. ENGINEERING PROCEDURE 


aos __ The purpose of this paper is to place before the engineer the the work done “a @ 
= the Land Court; to acquaint him with it its practice : and procedure; to provide a a 7 


ee background for his examination of title deeds; and to encourage the use of ‘the o 


Massachusetts Geodetic Survey triangulation points and traverse stations in 


connection with the State-wide co-ordinate 


re Iti is hoped. that engineers connected with State and town ‘governmental — 


agencies. in Massachusetts, knowing the Present situation in ‘regard to inde 

“A pendent s surveys, will co-operate and place their survey projects on this : system, 


From its beginning the business of the Court. has increased at a 


a sag falling off slightly during the depression period. The number of registra- 


tion petitions filed is about 18 000 and certificates about 150 000. 
and subdivision plans on file number : 000 and the assessed 


The original : source of title to the soil in New ‘England, as in other parts of 


_Z United States, was in | the English Crown which claimed it by the right of _ 
discovery and possession. The King was the owner and thus all titles 


property were derived from a grant of the English Crown. F 4 
First, there the Royal Grants, among which might ‘be mentioned the 
. ‘Plymouth Company in 1606; the Massachusetts: Bay Company i in 1629; the — 
are Ferdinando Gorges grant in 1639, covering most of Maine; the River ‘Towns, 
in Connecticut, in 1662; the Province of New Hampshire i in 1679; and the P * 
Narragansett Bay settlement under Roger Williams in 1643. In 1691 the 
- Massachusetts Bay Colony received a new charter, and its s jurisdiction covered — 
what is now Maine and Massachusetts. The Plymouth settlement was 
_ included i in the Massachusetts Bay Province ‘thus reconstructed. ¢ ene 
Next came the Colonial Grants with the power vested in the General Court, 
“These grants were to individuals and groups of individuals who became known i y 


proprietors. The grants to individuals were not numerous and seldom 4 


of plantations would contain a tract about 6 miles square. 
were surveyed and divided; and at legally called proprietors 
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selections 0 of the divided parcels were made by drawing lots. Although oa 4 
deeds the title itself runs orm pers; ‘the 


‘peat recorded is a deed, which is operative record, the title 


upon the delivery of the deed and before itis recorded. 


& 
A conveyance of an estate in fee simple, fee tail or for life, or a lease tie 


_ ‘more than seven years from the making thereof, shall not be valid as against 
any person, except the grantor or lessor, his heirs and devisees and persons ~ — 
‘having actual notice of it, unless it is recorded in the Registry of Deeds for the 
county or district i in which t the land to which it relates hes.” — KapinioT aft? 


This Section although 1 revised many times still reads close to the 


original ordinance of 1640. The next paragraph, 5,5 that: 


“The record of a deed, lease ,, power of attorney or other instrument an 


4 acknowledged or A as provided in this chapter, and purporting to affect 
_ the title to land, shall be conclusive evidence of the delivery of such instrument, _ 


in favor of purchases for value without notice claiming thereunder.” ie. ‘ 


These two Sections (Sections 4 and 5) are the v very ‘basis of the eg f 


. grantes of the recorded deed, insures a safe depository by the county, and m 
possible to investigate the title to property. First used in the 


¥ Colony it in n 1634, it ‘remained i in vogue until 1898, when it 1 was modified by > 


ee — needs of the people : and ina greater part of the Commonwealth it still would ie 
t: satisfactory. However, with the passing of time, as cities became congested, 
# as the records became excvedingly complicated, and as the methods of dealing = 


- titles j in such shape that they could be transferred speedily, the same as shares os 
of stock, or other securities. For such purposes the existing system was not — 
ie: adequate. In the cities there was too much record title and in the country 

ag there was, at times, too little. Numerous other evils of the system needed a 

Title to land is : acquired in various ¥ ways, ‘such as by inheritance, by will, ie 
by mortgage, and by direct purchase. During these changes over a period of 
eh years many things might occur to invalidate a title. Thus, no prudent man 2 

will purchase land until he has had the title studied by a competent anger as ae 
as title on which money is loaned, or on which the issue of bonds is based, must me 


he valid. If ‘Tf the i land has repeatedly changed hands, i it will be found that the rs Be 


title has been examined and re-examined by many separate interests with the an 


al duplication of expense; and even then, the most exacting ‘scrutiny 
Tight fail to disclose vital defects, such as prescriptive rights. $= 


System of Recording Deeds in| America, ¥: by Joseph H. Jr. Harvard 


es 
General Laws, Tercentenary Edition, Chapter 183, | 4. nit oft 


*“Tand Registration Act of Massachusetts,” by Charles: Thornton Davis, , Judge ol of ‘Land Court. Court. te 
(Read before the New York State Bar Assoc., 1908.) 
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PRACTICE IN, MASSACHUSETTS 


and if a title could be ric 
. be accomplished. In theory, all titles come e from the State and if a a title one mi 
would stand behind the title. This is what the Land Court does. i, 0 
om To Australia—the home of that other great principle, the Australian ballot — 
ons —goes the credit for breaking the precedent in passing title to land. Sir 
ES Richard Torrens was at one time Commissioner of Customs i in South Australia. 
ss: Apparently annoyed at the delay i in transfer of | titles in land, due to the time 
consumed in the examination and re-examination of back titles, he devised a 
4 system of registration of title to land incorporated in what | became known as 
pt i “The Torrens Act.”* This furnished the idea for legislation adopted i in various a 
parts of the United States, ja os dynodiis adh 


a a The first American State to adopt s some system of conveyancing by the 


_ registration of titles, was Illinois i in 1895; then came Ohio in 1896; California i in 

‘ ae ol 1897; and Massachusetts 1 in 1898, Since then Acts have been adopted in some 

or other by Colorado,» Minnesota, New York, North Carolina, Oregon, 
| Washington, Utah, Virginia, North Dakota, South Dakota, and Georgia; also gq 
bins Hawaii and the Philippine Islands. The Act adopted by Massachusetts was a » 
distinctly local— —drawn to fit existing conditions and establishing 2 a system 


to give relief from the defects of the old method. Ponsa 
a: of In the Commonwealth of Massachusetts there are fourteen separate snd 
zs distinct counties and twenty-one Registries of Deeds. The Massachusetts Act 
_ (now the General Laws, Tercentenary Edition, Chapter 185)* provides for ea 
separate body, called the Land Court,’ having State-wide jurisdiction, with 
two associate judges, and a recorder. This new system was grafted on 
4 
The Court is situated in Boston, Mass., are out 
"recording to the Assistant Recorders. On the authority of these decrees cer- 
tifieates are issued and all subsequent transfers are made by certificate. Thus, 
be ny ‘the title is given a new lease of life and a day is set, after which an examination ed a 
tie is unnecessary. mh The Act not only provides machinery whereby ownership 4.2% 
; premises is adjudicated, but boundary lines on the earth’s surface are 4 
judicially determined, and remain definite and fixed. To register a title the 


— 


q) The petitioner files a petition and a with the recorder pays the 


> statutory fee. The petition describes the land as claimed; . states all known 3 x 
= encumbrances and adverse claimants with their addresses, whether or 


‘Prt ““The Massachusetts Land Court,” by Fred E. Crawford, 1914. 
_§“The Torrens System,” by Arnold Guyot Cameron, Houghton, Miffiin Co., Boston, Mem. 


***The Land Court: Being a of the Land Registration Act, Chapter 185, General Laws (Ter- 
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PRACTICE IN MASSACHUSETTS 


denied; gives names end of all adjoining owners. It is 
. companied by by an assessor’s certificate signed by the local assessor verifying the _ Bs. es 
adjoining owners a8 they appeared at the last assessment for municipal taxation. 
The plan is made from an actual ground survey and shows the land claimed with - * 
the location of the boundary lines. The petition is given a number, the first _ 
one filed being No. 1, and these numbers run consecutively throughout the Foe 
a State. All papers with the petition, as well as the plan itself, bear this same _ 
a case number. At the same time, a notice of the action is filed in the registry, ie 
deeds. pat oily si en 000 0082 of atavome base 
#12) The p petition is referred to a Court cmaliaie’ to report on the state of the 
title; he is allowed two weeks for this work. He must be an attorney-at-law, ar 
a appointed by the Court. - When n his report is filed, notice is given to all patios 
in interest by publication once each week for three successive weeks in a news- : a ; 


A % paper in the county where the land lies. It is expressly provided that by the | 

% description in the notice“to all w yrhom it may concern,’ ’ all the world are made 

a" parties defendant and are to be included by default, and that the registration 
_ proceeding i is in rem suam. BS The return day of the notice must not belessthan 
~ twenty n nor more than sixty days ys from the date of i issue, and within seven ¢ + 

i - the recorder sends an attested copy of the notice to each person named therein, 

3 ee registered mail. An attested copy of the notice is also posted on the land si 


_ itself by a a deputy sheriff, ‘not less than f fourteen days before the return day. a . 


ce (3) If on or before the return day no one appears to object to hid taal “fe 
_ of the title to the land in the name of the peti : er’s opinion with © 
the complete abstract of the record title is carefully read and considered by the 
a Judges. Even if no objections have been made, further service, or — 
information, or both, are many times required. ‘After all these precautions have 
a _ been taken, an order for decree of confirmation and registration of the title = 
ait 4) If on the return d day appearances and been filed 
“ in ‘part or in whole to the petitioner’s claim for registration, then, on motion, — Te - 
the matters involv ed are set down for a formal hearing before the Court. | if the i se 
objections are not disposed of in Court—by agreement, by stipulation, or by — 
withdrawals—the case is heard and a decision filed by the Judge. This decision 
ae is final | upon all questions of fact, but any questions of law arising in the Land ¥ a 
~ Court m may be taken | directly to the Supreme Judicial Court within tw enty days — . 
ae after the decision is filed. When remanded to the Land Court an order for — 
decree is entered as in an uncontested case. 


ily tol o} gaidact a at 


OST or REGISTRATION 
_ Upon filing . petition, the petitioner is required to deposit $25 plus one-tent La * 


ae of 1% ($1 per $1 000) of the last assessment for taxation; and when the ) decree ase 
_ isissued he pays the further sum of $2 for the decree and copy, and one-fourth we 


“of 1% of the assessed valuation, but not less than $10, nor more than $1 000. ce 
At the same time, the recorder’s office collects $5, which i is transmitted to the - 


istry with the deere, to pay for entering the Papers and for the 
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and owner’s duplicate. addition to these statutory the 
petitioner pays his title examiner and also his engineer for : ‘survey work and — 
plan. The $25 is for publication, sheriff’s fees, etc., and if any surplus remaing Ph] 


. _ when the case is closed, it is returned to the petitioner. — If such deposit is not 5 Me 


8 sufficient, then the: remainder is paid upon the request of ther recorder and before re 8 


Bs and when the fund amounts to $200 000, as it did in 1929, the income is usedto 
nl help defray the expense of the Court. This fund is for the purpose of reimburs- 4 ‘ 
it ing the Commonwealth for any sum its Treasurer may be » called upon to pay out = 
= because of negligence on the part of any officer under the Land Registration — ae 

ja | The man given a title under a decree of the Court obtains an indefeasible — 


, = title, o one that is settled and that remains settled. This is most important. a 


ae”. The Land Registration Act does not provide for an engineer, but Judge 


Charles Thornton Davis, who has been with the Court from 1898 to 1936, early 
re ecognized the necessity for an engineering department. x He , established it as 3 3 
an adjunct to the Recorder’s Department.© 
_ Instructions as to surveys were issued to acquaint t the “engineers with the i 

requinemnania of the Court i in regard to surveys and plans, and to standardize » 

Land Court surveys. This was necessary in order to obtain in the first instance # 


full: ao data, showing field monuments, which would enable ng 


e long since b been dead, ia ‘Iti is a case in in which the engineer considered the ‘missing - 


data asa part of his stock in trade. ‘This condition, however, should not dis- 
courage the filing of such plans, because some deeds are so ambiguous that even 


a sketch of the land sought to be described would be of f assistance. a 
What i is survey? What are the requirements for a model plan and 
data should be shown thereon? _To be of any value, a plan should show plotted — 4 

be: lines drawn to scale, distances, angles or bearings, survey notes s when 1 necessary, — 4 


ae 4 and the character of existing physical boundaries and monuments. Thus, all 


lines may be reproduced | accurately by another engineer many years hence “4 a 


In ‘making plans for the Land Court: 


= (2) The sheet may be 18 in. by 24 in., or 24 in. by 36 i in., or any convenipat 


e must state e the wide des scale, , date, name, and niidteds of the 

(4) The must ‘show the north point, town, or county lines, 
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and, at times, even distances on the property lines themselves. Plans showing 

property and subdivisions are still recorded which have little or no value because _ 
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SURVEYING PRACTIC 
alls, buildings | on or. adjacent to lines” claimed i proper c 
signs), and all other natural monuments pertinent to the 
Zz (5) The scale must be such as to show clearly all data necessary. _ 
x (6) The area may, be by calculation or r by scale; if by scale the sign, +, = 
pen (7) Such parts of buildings and other physical features on a adjoining land os 
we within 10 ft of boundary lines are shown, vitge twoDedT. 
a (8) Boundaries of the property, pertinent dimensions, | and all physical 
features are shown in black; all traverse and surveying data in red. _ 
- (9) The plan | must indicate plainly chow each corner, property line, and 
point is marked on the ground. information is essential, for the 


should be made to determine ownership of such monuments, 


a necessary & note is included describing what part of the boundary monument 


my ( 10) The parcel sought to be registered must be enclosed within blue tinting. — 


(1) The plan should be oriented so that the top is in a general northerly 


_ Engineers are always reminded that the land may be bounded on ways, that 
ae is, streets, avenues, highways, boulevards, and parkways, also on railroad loca- ie 
* tions and public lands. Such ways are monuments, possibly referred to in 1 the 
Ke a _ title deeds and as such the data are, or should be, deposited in the various = 


public offices and the county registries. ‘They are asked to examine these data 


al and to place on the plan the initial data points used in making the survey. 
argh Tegard to bearings, engineers are asked to carry forward, if possible, one 4 


bearing used in a wal urnbiy case; if not, to use a bearing found on an 


fine of the new surve 


A computation sheet is required, showing traverse on the lines claimed, or 


* on lines from which the lines claimed are located. It gives ; computed latitude. ia 4 


Re é and departures and additional data, if necessary and not shown upon the plan, 
80 that rectangular co- -ordinates of all points on the plan | can be computed. ~— 
On the. plan is the endorsement: certify that this survey was made in 
“accordance with Land Court _instruetions,” 9110 with the surveyor’s signature. 
‘Thus, the engineer must have : all these requirements in mind when ‘making <a 
7 This plan is indexed and casually examined; if any data are missing o or 
Monuments should be: set, the. attorney of record is so notified. This 


expedites matters when the case is — for decree, which may be months later ee 


Agreements; and i in still other due to and formal deci- 
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issued a plan called the decree plan is prepared in the Engineering dinate 
plans are all of one uniform’size, 10 in. by 15} in. 


decree plan is sufficient i in itself, with all survey data and monuments 


‘ghownten tt! to enable the established lines to be found on the. ground. From 
this plan the decree is drafted describing the land as registered and setting forth — 
— encumbrances, easements, or appurtenant rights, as set out in the order for a a 
decree. The Court early decided to use a bounding description rather than a 


-called running description the plan reference, to make the itself 


te plan, are to be regarded as much as shin would be if expressly recited in 

descriptions i in the e decrees, therefor ore, are > brief, u using a ‘a general 
"description, grouping together shorter lines running in the same general direc- 
7 tion, but reciting, however, the adjacent owners and natural boundaries. The a 
. 2 boundary is usually a highway; thence the description reads — a 


The plan reference most often used is asfollows: 


“All of said boundaries are determined by the Court to be looted as shown 
: _ upon plan numbered * * *, which will be filed with the original Certificate of ¥ 


_ John Doe, Engineer, dated * * *, and additional data on file in the Land e.: 
Registration all as modified and approved the Court,” 


The decree dai plan are sent to the assistant for the district within 
i which the land is situated. He transcribes this decree in a registration book - om 
4 and this entry is the original certificate which i is accompanied by the plan. The 
” assistant recorder then makes an exact copy ‘of the original certificate, adding 
to it the words, ““Owner’s Duplicate Certificate,” and delivers this to the owner. — 
“AQ _ Thus, the title to the parcel of land may be considered as being born again, | 
From this time it i is guaranteed by the State. The ~ thus : started on ane 


beginning in it has aim to all Land 
surveys made so that co-ordinate values could be computes relative to an 
assumed origin which might be one corner of the locus. The early instructions 
ee a asked to have all s surveys connected with 1 recognized triangulation points when a j 
_ within or near the locus. When not connected with any recognized origin, 5 
then an origin within the survey is assumed and contiguous surveys is con- 
nected with it. i is carried on until the group of surveys, in turn, is con- 
a nected with some local origin connected with the triangulation system, and 
7. then: when these lands are thereafter dealt with, the lines are recomputed, based 


; a on the local origin. if No request has been nade: to have local engineers use 


geodetic computations. Very few are acquainted with the formulas and they _ 


do not associate ‘values in degrees, minutes, and seconds ‘wit: small 
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m of control it must be mai 


e been ‘implied by the methods of the Massachuwetis Geodetic 
as explained in. Mr. Houdlette’s » paper. In many cases the necessary co- peat 
‘ordinates are furnished them before » they. begin : a survey, especially if it covers ae 


ply of rectangular. co-ordinates was based upon a . plane tangent to the 4 
earth’s surface at a point. The area of each district was such that no appeeds a 
able error would appear 
the State Triangulation system, , the reduction geodetic co-ordinates. 
ae plane co-ordinates was first made using the L.M.Z. formula (L.M.Z. has been ae x 
. adopted as representing latitude, longitude, and azimuth) and, later, by using Pa 
formulas in Special Publication No. 71, issued by the United States Department 
of Commerce in 1921. This system was gradually being by local 
engineers and by engineers working on the State highways. an 
April, 1933, working in conjunction: with the Department of Public 
Works a new system was adopted, as explained by Mr. Houdlette, whereby the 
State was divided into eight zones, but still using the plane rectangular system. °° 
ae The: adoption of these new zones made it easier for the State engineers in cross- 
a ing from one system to the other, as the number of origins were reduced from 
21 to 8. It was also a a step forward i in having the highway t network ona 


"hg earried forward on subsequent highway plane: they would have an economic = 
a value, appreciated by the engineer, but little realized by the owner of the land. 
‘ fe: In December, the U. S. Coast and Geodetic Survey reported that all future — a 
values for trianguistion’ stations in Massachusetts would be computed and 
_ published, as based on a new ds datum known as the North American datum, er +i 
1927. In using Government maps and geographical positions given in terms of . 4 
_ latitude and longitude, especially in research work, engineers should, therefore, _ = 4 
~ have in mind the three main projections used in Massachusetts, namely a 33 
— spheroid used pt previous to 1880; the North American datum based on 


_ In consequence, it was decided to adopt one uniform system of co-ordinates: re 
: ith values expressed in feet and fractions thereof, extending across the on ! 
ae State. The projection advised by Dr. O. 8. Adams, U. S. Coast and Geodetic eons ‘ 
= as approved by the Massachusetts Department of Public Works and Eves 
Land Court, is defined as the Lambert Conformal Conic Projection of 
at: Clarke’ s spheroid of 1866, with two standard parallels held true to scale. This eh. E 
system i is fully described by Mr. Houdlette. od oft is 
tie: diiw bali , -CapasTRAL Maps otal vd di of 
The need for key maps upon which to plot the location of registered parcels 
8 early recognized, _ All the available commercial atlases of the towns, cities, 
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but rather with the U. S. Coast and Geodetic Survey work. If they are to 
garry on this horizontal syst deeasyforthem. Thus, 
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—- erie were e outlined i in blue and the ca case number indicated. OF These atlases 


2 = «serve as & graphical index, not only for the use of the Court, but for the publie E — 


ee as well, to ascertain whether any Tegistered lands exist in any | given locality. 


* ~ In addition to these atlases, there have been made from time to time stand- 4 . h 
Poti ard base ? MAPS, called cadastral plans. The basis for these plans is the geodetic | is 

i control system and the fifty-four ‘Topographical Sheets of the U. 8. Geological B 
Survey, which include the Commonwealth of Massachusetts. 


"These 15’ quadrangle sheets have been divided into nine lettered sections of = 

_ i OE 5’ each and each section is further divided into eight numbered plans. Thus, rs 

4 there are seventy-two plans to a topographical sheet, and the area covered by 
oR on foe each plan is 2’ 30” of longitude and 1’ 15” of latitude. The scale for Sn y 
i. ve ; cer plans is 300 ft to an inch which allows the use of standard paper, 27 in. by 40 in., = a 
with about 1-in. margin. On a decree plan the reference, “52-H-6,” would 
indicate that the land as. registered is plotted on Topographical Sheet 52, 
‘These olans when first prepared show border lines of longitude ‘and latitude, 
dimensions, in feet, on each side, and the rectangular co-ordinates of each comer 4 
intersection, as well as the sheet number, town names, ‘and town boundaries. 
these data, inside construction lines are plotted and the sheet is then 
‘Plotting any parcel or lines connected with the geodetic control. Existing ari 
maps upon which the geodetic lines appear may be easily enlarged and 

a _ The Land Registration Act provides that a registered owner holding one 2 


for several distinct parcels may surrender it and take out a certificate 
each parcel; likewise, if he holds separate certificates for each parcel, he may 
3 = them and take out one certificate for all parcels or any number of =f 
| 


a 


them. The Act further provides that an owner who subdivides a tract of — 
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when applying for a new certificate; that this she shall be verified; and that 
all newly created boundaries and ways shall be distinctly and. ecoutately: 
. ae ‘The original Certificate of Title describes with a bounding description the 
a a i perimeter of the land registered, and this is true whether the decree plan shows . 
es a one parcel containing 5 000 sq ft of land or 5 acres subdivided into, say, thirty — a 
numbered parcels. In the first case, if the parcel was conveyed, the owner 


p 3 would surrender his certificate; it would be canceled and a new certificate issued — s 
to the new owner, referring to the plan filed with the first certificate. This 
might happen many times. off ea boaieb a 

- In the second case, one or all of the thirty separate parcels as shown upon os 
the decree plan might be to as many separate new owners. Each new 


referring to it by Parcel No. * Plan No. filed with Certificate of 


Title No. * * As each parcel was conveyed, a memorandum to that effect 
would be on the grantor’s 8 giving the grantee’s name, date, 
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affecting the title would be entered, so that the state of the owner’s title is always — 
obtainable by first reading the owner’s certificate and thus observing the nature 
4 of the encumbrances entered on its reverse. . & many cases where mortgages we 
_ have been registered, later discharged, and the parcels sold, the owner will 
it surrender his certificate encumbered with all these references and ask that he a 
s have a new certificate, purged of all ‘‘dead wood,” which after an examination 
by the Court is granted. ott to. add 
: = ~ When the decree } plan shows numbered parcels, or parcels and ways, separate 
. Certificates of Title may be issued without any further Court order. The ~ 
that th the divisions are on the decree plan is the Assistant Recorder’s wuthenlie, 


When, however, any parcel as registered and shown upon the decree planis 
a 


x changed by creating new interior boundary lines, a new plan is required as 
described, and, at this time, the owner files with the Engineering Department 


oof the Court his Certificate of Title, and the new plan. _ This certificate is ms, : 
d to see if it covers the land shown on the plan as filed, and the <i ; cy - §g 


sh oon with proper engineering date, the same as if a new petitioner’s plan were 3 nf 
being filed for original registration. nd new lot t or parcel 1 must be found 
in itself and the distances and angles indicated must be reasonable. If found — + a 
ie correct in all these details it is approved and a plan made from it on ‘standard- _ 
sine white paper r showing t the new divisions with data appearing on the aa 
plan, and in many cases additional data appearing on the files of the Court. 


On thi is Plan appears the legend: a hie net 


ie “Separate Certificates of Title maj may be sional for the numbered lots as aA 
hereon; or it may be for ‘certain lots, viz., Lots 24 and 25 as cows hereon’; 7. 


plan with the owner’ ’s Certificate of Title is sent to the Assistant Re- 
_ “corder for th the district i in W which the land i is situated with an order to cancel that fe 


e the Court. 7 It is handled exclusively i in the Engineering Department v where in. = 
_ Many instances complete descriptions based upon the new plan are furnished to 
ste the Assistant Recorders. . The subdividing of land, the relocation of highways, 
rat the m merging of contiguous parcels into one | ownership, the re-arrangement of 
ey lots, the call for plans showing land remaining after a large tract has been ac- 
e) tively « dealt with, and the many other activities encountered in dealing with 
# land and title create new plan work and the issuance of new Certificates of ae » : 
‘Title, This cancellation of the old or previous plans and the making of new ee 
plans i is the means of continually keeping up to date the existing state of the Aig 
zi title as well as the existing facts upon the ground, with newly acquired en > = 
It is in dealing with subdivision plan work and the calculations incident __ 
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or not, is impressed on the engineer. In many instances, the the 
2a State of one common projection to be used by all engineering agencies will 
ss prevent the duplication of survey work, which all engineers know exists at the 
—— ordinate system such as is now recommended by the U. 8S. Coast and Geodetic ; 
Survey furnishes the foundation for all local and municipal surveys; eliminates 
plans the exact value of all corners, thus making property plans more valuable; 
ss provides a method of reproducing lines in areas devastated by fires; and, finally, 


a the uncertainty of the magnetic meridian; provides a system for placing on 


‘ 4 x _ tends to reduce materially the boundary line controversies which are so detri- 


; ae to the peace of a community, as a single point on the earth’s surface 
a starting Point for all surveys. Most disputes arise from a mis- 4 
‘ cal Doubtless problems of pom general type were | in rane mind of Moses when he a 


and all the people shall say, Amen” oft 
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SURVEYING PRACTICE IN MASSACHUSETTS 


obstacles : as had beset its path, the Massachusetts Geodetic Survey not only — 
- has triumphed, but has succeeded so well that the organization deserves a 
* permanent place for the promulgation of engineering data in the —— 
a wealth of Massachusetts. Because of the haste with which the organization oa . 
was instituted and the large number of parties operating in the field, the —S 4 
Office was shortly deluged with field observations. Recalling its early 
stages, it is not only a wonder that valuable data were ere forthcoming, but it is a = 
‘marvel that the Massachusetts Geodetic Survey was able to extricate itself , 
2 Sm Massachusetts is indeed fortunate in having two excellent surveying a a 
agencies—the Massachusetts Geodetic Survey and the Land Court— —both 4 
s using the Lambert plane co-ordinates and advancing the engineering benefits — 
of such a system. 10} It is to be hoped that the Department of Public Works “han 
will be one of the first highway organizations to make widespread use of — 
* the Lambert co-ordinates. Such an application would obviate any dupliethn 
of data and would further efficient. performance in this important a PY 
aS Howe ever, the desired goal is not quite attained. © - Intelligent : surveyors are 
ie after common applications of plane co-ordinates in point descriptions—those mee 
which the layman. ‘The present problem is not one of sur- 
veying.” No overhauling of specifications ¢ or methods of. computations is 
< necessary, but rather the problem appears to be the education of the every-day oi 
surveyor in the use of geodetic. control the translation of 


ment about the condition ‘control surveys in Great Britain. Ina 
communication, the Brigadier of the Ordnance Survey states that geodetic i 
control cannot be considered limited because it covers the entire country, as ghee a 
4 do the published plans. — All the surveys of Great Britain are conducted from eo 

that office. . Its large-scale property plans are published at the scale of 25 i ‘in, 


the mile. Quoting the Brigadier: as jo one odt-os og 


be. 
a 
s 


ist “They m: may need occasional addition at and amplification by local = 
: “but they are based on geodetic control and give graphically the positions of 
3 all important buildings and everything except the most recent developments in 
correct relative position. In England, the private surveyor 


Although the United States has no surveying unit similar i in scope to Can i 
_ the Ordnance Survey of Great Britain, the calculated effect of the present 
program: should not be greatly « different. a result be obtained 

through 1 unity of purpose in the various programs sof surveying 1g and the adoption 


* Instr. in Civ. Eng., Mass. Inst. Mass. 
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uniform | surveying control. control is meant the 
of surveying data, obtained either by precise triangulation, traverse. or levels, 


servant and is often forced to deal with people having less specialized training. 
or eodetic methods of computation s should be be the foundation, because — 4 


aa 


unable to use geographic values efficiently. The impartial observer, at 
‘present, finds it difficult ‘to agree with impatient statements relative to the 
inability, of surveyors to cope with the specialized methods of geodesy. must 
. be remembered, however, that the results of surveying operations are not a 
rs—in short 

one connected with land is intimately concerned Through 
_ the winning of the layman’ 's confidence, the success of the Present program 
will be assured. : Thus, for a widespread realization of the benefits of control 
surveys, it is important to present the subject on a sound common basis rather iz 
than await the training of specialized surveyors. lo anoilts 


al plane co-ordinate system is the apparent answer to the e problem. | In oe 
evaluating the relative advantages of the various co-ordinate systems, primary 
= consideration should be given to the ease of reference to basic geodetic values, 4 
Although ‘various: systems have ‘been suggested co-ordinates to 
t plane, the Lambert 
- eonformal projection, and the transverse Mercator projection co-ordinates. — 
, & Co-ordinates on the latter two systems are’ handled much the same way, one 
7 being” adapted to States having greater east-and-west extent and the other to. a 
States having a greater north-and-south extent, respectively. 
_-'The characteristics of these systems may be compared in the following — 
a schedule, in which (a) refers to the use of the tangent oe and ot refers 3 


points are necessary (three are needed New York, N.Y, 
i: (b) The Lambert and transverse Mercator are based on two “geodetic a 
ss parallels (or a meridian). One State system covers States as large — a 
North Carolina or New Jersey. to yor ws 
(a) The tangent plane system is very easy to understand. 


ae (b) Somewhat more difficult than the tangent plane but can be grasped 4 


4 


Inn 
ae 
a 
ie vs standards of such work are considered so high that subsequent and more divided ee 
he = surveys are based upon, and adjusted to, the fixed values of the control survey. e | 7" 
There is one point in the problem of establishing control surveys that 
= 
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culty i is encountered in traverses, because of the varying scales for ae 
zag there is no definite mathematical treatment. vital 
(0) Points and traverses are computed simply. There is a definite rela-~ 
q ans tion between grid and geodetic lengths. Angles at are well ell maintained 


through the rectangular grid. aks. 


al 


State-wide; and basically national ease of transfer from 
system to another... to wo odd o beoalg 
(a) The basic tables are excellent through the, use and 


ald tis 


atk 
we 


we 
Exeellent through use of various State of men- 
af 


tion are the tables prepared i in 1937 giving the plane co-ordinates 
intersections of meridians of longitude and ‘parallels of 
Jatitude: published by the Massachusetts Geodetic ‘Survey. 


publication reduces the calculation of plane co-ordinates from 
hi Wt,  detic points to mechanical interpolation. vi i 


(a) Well adapted to but dependability of adjusted values 
varies because of poorly determined scale effect. 8 
(b) Welladapted. Adjustments may be made directly with co-ordinate 


— 


values on the grid. values are easily found. 


@) Comprehensive list may be formed, but strictly local in scope. 


(b) State-wide publication possible. wh ay 


ha < 


_ At present, one disadvantage in the education of surveyors into the use 
the Lambert and the transverse. Mercator projection co-ordinates seems 


| 


to be the necessity for the reduction of geodetic to grid lengths. 


any y such stigma as “errors,” ’ easily applied to measured “Any” 
inference of the. existence of errors in the ‘Lambert and transverse Mercator — ag dag 


had The legal aspect of geodetic control is perhaps one of the most potent 
factors in its favor. Land, certainly a common article of transfer, i is often 
- sold and bought without definite knowledge of the area, t the protection afforded, — : 
and the surety that the deed description entitles the grantee to the property : 
Sometimes so vaguely described. Without attempting to draw “hard and the Ef 
fast” lines, the types of deed descriptions of property may be classified into ale 2 
four categories (seemingly i in order of diminishing frequency); namely, ee 
if descriptions which, when without the original monuments or ties to the original he 4 
Monuments, are: (1), Not (2) replaceable ‘sufficient number 
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ON SURVEYING PI PRACTICE IN MASSACHUSETTS 
ie stale or is replaceable because of ties to some public monument; and , (4) re 
— because description gives co-ordinates of property corners in some 
comprehensive sys system based on geodetic control. ue 
——— land rights in Case (1) are based on the best evidence poate E 
and might give widely different interpretations, 
& (2) and (3) depend for their interpretation on the recognition of extant — : 
bounds. In Case (4) is simple if horizontal control points are 3 
ark < e An important benefit resulting from Case (4) would be an amelioration mot 
the ethical standards the Profeaion. Too little emphasis has" 
= _ been placed on the legal ownership of surveys, a fact considerably abused by a 
practicing surveyors. Property corners described in a co-ordinate ‘system 
a based on geodetic control would certainly leave no doubt as to the meaning of _ 
the description and should increase the confidence of the property owner in 
the ‘work of the wu survey woney islisoxal | 


have been thought to be the ultimate i in boundary 


monuments 
‘construction and natural ¢ causes is 
well-placed skepticism in the lasting properties of physical markers? With 
4 universal and comprehensive system of property description based o on the | 3 
toe required use of State-wide co-ordinates, does it not seem possible that there : 


a Wes is at last a definite goal—a surveying element “better than the monuments”? | 


’. Mr. Houdlette’ 8 paper is } noteworthy as an outline of one of the best sur- 


= ee -_-veying units of its kind. It must be regarded, therefore, as a valuable paper a 


ee _ and would serve well as a guide for similar State organizations. = = 


> 


—The importance 4 


definitely determined, mutually controlled, and permanently located 
_ boundary lines cannot be emphasized too strongly. This Symposium con- 
; —- a description of an objective which must be ultimately mobo 


throughout the United States. The advantages to be gained are obvious upon — 
g 


- ‘It is evident that no survey is of use unless its. precision ‘is determined. 


e established for even the simplest project. If, o the other hand, a 
recognized control points of unimpeachable accuracy are established once and 


this con 


ned with that of unless both ar are based on the same 


Ss a control and preferably on the same datum. It is essential, therefore, tha 
the control system, to be most effective, should be nation-wide so that i in fact RS 
all surveys become part of one great survey. y. It will be noted that in the work 
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ay 


‘ ti Unless public survey control i is available, Nereis control systems must be > 4 
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“ow. 
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. (e trol with the result that precision will be increased and survey costs — 3 
tm: 
— 


Pe “are e connected with the hetionsl level, o r triangulation net, so that the first 
‘The utilization of the Massachusetts system of plane co-ordinates is an 2 
eptionally | important part of the project Mr. Houdlette describes. Prac- 
ically all ordinary surveys are reduced to plane co-ordinates in order to deter- _ 
Ps mine their precision. It requires no more work or difficulty to use Massa- 


chusetts co-ordinates to make this reduetion; but whenever Massachusetts co- 


Property surveys are older than all others, anda large portion 
cr of the national wealth is dependent. on their accuracy and permanence. Mr. 
Humphrey | notes the set of rules” he h has worked out to be followed by | land 
surveyors in making property st surveys. _ Through these rules and by the able 
conduct of his office he has succeeded in developing a procedure and a type of 
land description which permanently locates land boundaries. only are 
Q the boundaries located definitely and permanently, but it is possible for an; 
_ surveyor to re-mark the property corners | by recourse to the description alone, < 
and entirely without knowledge of local conditions. Those who. are familiar 
With the archaic methods in common use to-day for making surveys and de- 4 


: BS. scriptions of land will recognize the singular importance of Mr. Humphrey’s — 


One of the: secrets | of the success’ of the Massachusetts Land Court i is the — 
- inistence of its engineer that durable monuments be established and that ai 
be inter-connected by surveys so that they can be replaced when destroyed. — 
Be ‘Under his direction many local plane co-ordinate systems” were developed, as 
noted by Mr. Houdlette. Quick to ‘realize the importance of a ‘universal 


i RS th ints that 
the Massachiusetts Geodetic Survey is establishing. 
this co-operation between the Land Court and the 
Geodetic Survey the cycle is complete. The Commonwealth of Massachusetts 
being prepared for every type of survey requirement. It. will be possible 
_ eventually to determine the relative position and elevation of every topographic | @ 


feature or boundary line in the entire State with very little expenditure of on 


time or money. It is evident that as these ; plans are deve veloped, every surv ey rg 


in the State will be correlated with the whole. 
The Civil Engineering Profession cannot afford to overlook the advantages oa 

offered by this plan. = the "profession is to take its p proper place in public 
affairs every effort must be made to insure the establishment of these aoe ae 


Luoyp G. Frost, 12 AM. Soc. E. (by letter) —The splendid 


' ae of the Massachusetts Geodetic Survey, so ably set forth by _ 


Bt the author, cannot be over-rated in their value to the Commonwealth of 


Massachusetts and to the field of ‘surveying and | mapping, 


a 
= 
: every other survey so connected. | 
aith av, f f 
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New Orleans, ‘tg 
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Bs 


~ gysiam of rectangular | co-ordinates thereto that every engineer and s surveyor, 


in the light of his own experience, will readily recognize the pee tap su 


2 The Louisiana System of Plane Co-ordinates. —The Louisiana Geodetic 


under like conditions. s same vicissitudes were met that visited 
on n the latter, and, in general, the details of organization and field procedure — 
_ Mr. ‘Houdlette’ 8 description of the projection frame | applies sada 


‘The difficulties encountered in securing competent personnel to perform 
on 

‘a 


: = a Coast and Geodetic Survey selected the projections and prepared th the necessary 4 


work adequately may have been somewhat t greater it in Louisiana b because of oe 


oO 


much larger area of the State, but the various obstacles were surmounted sur- 

—, risingly well in the earlier stages of organization. ' The standards of accuracy 4 ; 
maintained for the Louisiana project differ from. those in Massachusetts and 


SAD 


New Jersey," as indicated by the following comparison (in which S is the dis- 


+> The interval between stations in the Louisiana network varied Soom, 0. 5 mile 


= to 1 L mile « during the early years of the program. Experience showed that in 
: a many cases these distances were too great to permit maximum availability. to , 


a ee the local user, and the optimum interval was set at 0.25 mile except in certain 


unusual cases. herever time and permit, longer tangents 


The strength of field forces i in Louisiana varied from an average of fifteen 


_ The work accomplished by the Survey, through September, 1938, in com- ; 


‘pees with that , given by] Mr. Houdlette for Massachusetts i is as follows: s 


“Mile of traverse with final co-ordinates. 754. 72 ote 


a" 


ome ‘Extent a of second-order levels, in miles. 
Number of bench-marks 


— 
| 
I “a 
q 
i 
parties to & maximum oO! thirty during a short period in ID 
— 


of the system of field | led to the ned. The 


Each party consisted of men—a chief of party, transitman, levelman, 


the driver working as chainman; ‘and each party was provided with one transit = =—3— 
The methods of geodetic surveying necessary to insure the required stand- 

of accuracy would not doing the various s operations simultaneously 


- the project did the records of work oitaiia indicate a rate of progress — 4 
sistent with the nu number of men ¢ engaged on the e work. — a The available funds — 
‘not permit any y appreciable changes at that time, but it was decided to institute 

some investigations and experiments in anticipation of a rew appropriation. 


recorder, and two rodmen; measuremént section—transituian, recorder, 


a chainmen, and three rodmen; level section—levelman, and two rodmen; and x 


monumenting section—truckman, and two laborers. It was believed that-a 4 
yes —_ so organized could carry on the several operations simultaneously with a 
- maximum of efficiency and accuracy. _ The results obtained more than realized — 
ie expectations and all parties operating in the State (fifteen in number) w were 
fe  Teorganized on this basis. Two division engineers were appointed with head- if nm 


iS quarters in the northern and southern parts of the State and intensive super- Ag ee 

party was supplied with two transits and other necessary equipment 

_ to conduct the work with a minimum of lost motion and duplication of effort. __ 

Sh Indications are that these parties, comprising a total of a men, will perform ae 


ke reductions in the higher brackets of salaries, and in transportation costs. = & 
. _ Most important of all is the time factor—experience thus far ( 1938) leads 
to the conclusion that it will be reduced by one-half. | ad me 
fe No triangulation has been attempted by the Louisiana Geodetic saver. if 
_ The 1938 winter program of the U. S. Coast and Geodetic Survey contemplates 
. completing the Louisiana network. One panty has bein engaged in first-order — 
traverse for about one year. 
3 Publication of Geodetic Data —A constantly i ineressing station 
4 descriptions created such a burden of clerical work that it became necessary to 
establish some method of accumulated data at exe of users 


ig _ ate saving in cost is greater than indicated by the snaitin personnel, due to 


‘series of geodetic quadrangles, enclosing 0° 15’ of latitude” and longitude, eS 
- identical in geographic position, nomenclature, and scale with those of the U. 8. a 


Corps: of Engineers and the ‘U. Geological Survey. such 
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quadrangles was required to cover the State and, in a series three. 

minute quadrangles (6 in. to the mile), covering the more importens municipal 

areas, will be published. odd titafged any senile hotavaw , inegs 


Quadrangles ar are printed | in black and white with all water in blue. All 


é i control points are located and identified and sufficient topographic information, 


together v with subdivision lines of the rectangular land office surveys, are 
= @ to insure facility in selecting control points for any purpose. The reverse of = 7, 
each quadrangle bears complete geodetic data for each station. = 4 


: by The location of rectangular survey lines is from original township plats, 
adjusted to field ties made by the U. S. Geological Survey, the State Board of .. ; 
a» 3 Engineers, the U. 8. Corps of Engineers, and the Louisiana Geodetic Survey, ie 
ie and topography from controlled aerial survey data i is from the same sources. 
ae Bes In addition to the , quadrangles : an index or key map is published, bearing on its 

‘reverse side a brief explanation of the method of me the data.  Mimeo- 

or a The user thus has at hand a graphic portrayal of the available control points i in 

A a the section where he proposes to work, together with ties to facilitate locating y 
them in the field, and the data necessary for their use. mee 


Land —The — rectangular surveys in Louisiana date back as 


! 


under Spanish and Frenéhi rule. Where the “vara” obtained in early 
y Texas's surveys, the “‘arpent” was the unit of measure used in Louisiana prior as 
to the United States Land Office subdivision. 
ee. Because of the type of instruments available, and other factors, familiar to a 


= every engineer, read influenced the — of early wept the conditions 


were confusing» and discouraging until the present. co-ordinate system. was: 
ss, Wherever it is possible to locate and identify original corners s authentically, 2 
"they are tied to the control network. special marker shown in Fi ig. & 
‘7 oa is used, and at a satisfactory distance (usually between 400 ft and 500 ft) a ae 

reference marker (Fig. 6(d)) is set. The co-ordinates of all such corners are 
included with the data on the corresponding quadrangles, together v with the 
: e azimuth of the reference point. This enables the engineer or surveyor to start % 

from any such corner with a known position and a true bearing. 
Many amusing (and : at times appalling) discrepancies are encountered in 


a adjusting the original surveys to actual positions determined by geodetic = : 

aa cl, methods. There have been instances, furthermore, in which the work of the ee 


ae early” ‘surveyor stood up amazingly well. Within the life of the Survey, s all za 
= original corners that can be located will be thus included in the original network. y 
“of State Boundaries. —That part of the boundary between the Republic of 
i, ENE ‘Texas and Louisiana north of, and not formed by, the Sabine River, was sur- 4 
a 5 veyed prior to 1845. Earthen mounds about 5 ft high and 15 ft in diameter 
a _ were established at intervals of 1 mile. A traverse of this boundary has been AP 
run by the Louisiana Geodetic Survey, : and monuments bearing the names o : 


Governor of Texas or of Louisiana on traverse markers are 
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round, and marked on the east, “Louisiana”? on ‘the ‘west, “Republic of 

Texas,” The location of this boundary by plane co-ordinates is important 

not only as a State line, but as a line of demarcation across the rectangular Y aa 

subdivisions, ‘and great care is being observed to locate and connect all land» 2 


d ive 


O 


Vi 


Parr! 


on 


‘though it was well ‘monumented, ‘there were no available data on 
location of these points and their connection to the control network was im-— 
portant and necessary. . That part of the northern boundary east of the 4 
ee Mississippi River is controlled as a line of latitude and it will be run and a 
monumented assuch, |...» odd of ads 
Recognition —T Che New Jersey Legislature has enacted legislation 


the plane co-ordinate system in that State as the base of allsurveys. 


FF 
7 — 
— 
— 
— 
a 


— = lature, incorporating provisions to guarantee work ability and penalties for 


AM & located on individual town maps, together with available data. It is the | 


BOWIE ON SURVEYING ™ MASSACHUSETTS = 


Pee an cule was for | presentation to the 1939 session of the Louisiana Legis- 


-non-observance. The legislature of 1918 enacted legislation which is applicable 

to field operations of the Louisiana Geodetic Survey in granting rights of — 
affording protection of monuments and structures. # ke 
Use of Information.—In Massachusetts, New Jersey, and elsewhere keen 
oe a. appreciation has been evidenced of the vital importance of making all accumu 
lated data easily accessible so that its application can be made universal. he 


conclusion Mr. Houdlette states that in Massachusetts the control stations 


understanding that the Commonwealth of Massachusetts i is divided 
lege about 300 “tow ns”; ; Louisiana, with its much greater area, is | divided into 
64 “Parishes.” Plotting of control data to a suitable scale on Parish maps 
would have | resulted in such maps being too cumbersome for convenient = 


irregular in size no relation to other compilations of 


Lay 


town ‘gystem, in one particular, which is of 
tance in Louisiana. Exploration for oil and minerals has extended into all 
parts of the State, as well as large-scale surveys f for other purposes. In nearly 


all these operations, 3, engineers are dependent upon the « quadrangles of the U. a Pee: 
Engineer Corps and the U. S. Geological Survey for topographical and cultural — wee 
ae and upon the e control o of the U. 8. Coast and d Geodetic Survey and d the E Be 
Louisiana Geodetic Survey. The compilation of geodetic information 

identical quadrangles achieves a uniformity in size, location, seale , and area 
of base maps th that i is 0 of considerable value to the user. 
eal a A “consummation devoutly to be wished” is the publication, by every State, ve 

v oq of a uniform series of maps bearing geodetic information based on plane co- i 


we 
at 


a ordinate systems such as Mr. Houdlette describes, the whole to form the base a 


for a series of topographic and cadastral ‘maps on a nation-wide scale. Pr 
y 4 To this end Mr. Houdlette’s paper, in recounting the accomplishments ty) 
; Massachusetts, may prove to be of no small value in arousing Tealization of 3 
ai need for such a program s and in helping to to point | the way. iS Pas: ie a 
‘The Louisiana Geodetic Survey is sponsored by the Louisiana Highway f 
_ Commission (Harry B. Henderlite, M. Am. Soc. C. E., State » Highway Engineer) 
ith the assistence and co-operation of the State Department of Conservation, a: 
State Board of and the Orleans Levee Board of the City. of & 


include the advancement of the welfare of their citizens. 
se effort on the part of a few engineers and planners to arouse the governing boils 
tn of the United States to the desperate mapping and surveying situation, at 


Hydrographic and Geodetic Engr., U. Coast and Geodetic Survey (Retired). 
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4 Houdlette should be given thoughtiul consideration by all engineers and oer 
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ast something is being done about it in at least a ‘hie States and political a 

The opportunity came when the Administration, late in 1933, sought work 

hat could be done by engineers and others who were unemployed. _ Geodetic is ae 


surveys s were suggested as professional pr projects that would provide jobs for r 
ound of idle engineers. Work was organized in all of the States by the 
officials of the U. S. Coast and Geodetic Survey, with a local director in each as 
Bi State. Within less than two months after the start, more than 10 000 persons ~ a ‘ 
had been employed, and of these, mare than 8 000 were engineers and other 
2 State directors were given wide | authority as to who should be employed, and 


were authorized to discharge any one who could not, or would not, perform - as 


services that met their requirements. After a few months the project ceased |to 
be under the F ederal jurisdiction, and was turned over to the States, cities, and 


_ projects that they carried on in the. face ‘of great difficulties and discourage- 


Saas 
ments. In several States and counties comprehensive geodetic surveys have 
been made, Massachusetts is one of the outstanding ones. 


‘The | U. . Coast and Geodetic | Survey prescribed specifications for ‘the geo- 


detic surveys that w would give to the results an accuracy needed fo or r all except the 


most accurate surve ing that might be based on them. It was required that 


- the error of closing of a s line of traverse should not be § greater than —— 10 000° This ie 


is a greater accuracy than i is obtained on most local alignment surveys made = 
construction and land boundary. emergency geodetic surveys Broved 


that this accuracy could be obtained with the equipment in common use by 
a In Massachusetts Mr. Houdlette required a greater accuracy than 
that prescribed by the U. S. Coast and Geodetic Survey. This led to his secur- 


ing an average closing error of only =-——— 35 700 - for his — _ The extra effort Ps 


expended i in improving the closures was more than justified. The work will * 
not have to be » repeated i in the f uture, ‘and the results will meet the most exacting 


_ The minimum limit a closure wa was set at - 0 000 because it was felt that in o 


some States it would be difficult to find engineers who could begin immediately y 
to produce surveys of higher a _ Even the ——— T0000 survey was severe 
44 problem : for some of the directors. : One of t them reported that he could not find 


a a single engineer in his State, eligible for relief employment, who, could run - > 


“the work in a satisfactory manner, and then used to train others. - ‘The writer 


iy - cites this to show to what a low ebb the surveying 0 of this country had fallen. — 
veral millions of dollars: have been spent on the relief geodetic surveys and — 


Valuable results have been secured i in several States. The unit costs have been 4 


college and university men and women. The project was a Federal one. ‘The 3 
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OWIE on SURVEYING PRACTICE IN uf 
ees but the educational value alone of the ¢ emergency geodetic. surveys more than } a 
justified the expenditure. picts ce woe 


cannot be expected that the States and their political subdivisions will 
ontinue indefinitely to receive relief funds for making geodetic surveys; but 
those surveys ys should be continued until | there is a traverse or 
“oa a _ station within easy reach of the engineer or surveyor who may wish to have ie 
work -ordinated with surveys made by others in the same region. This 

3 = means that in each State there should be an ‘agency charged with the Tis 
oS — making geodetic surveys, and furnishing information to those needing ni 
ia Such an agency should have authority to set minimum limits of accuracy for 

e all agencies of the State Government that make surveys for engineering opera=- 
_ tions, and for the location or re- -running of the boundaries of public and private 


4 property. Ifa few traverse parties in a State should operate continuously | for 


ta five or ten years much could be accomplished. es So many uses would be found Se Sy 
= for the results that there would be no difficulty i in finding support for the com- es a 
pletion of the work for the State. 2 
Bt, One of the urgent needs of most of the States i is the establishment of Land i: ia 


Courts. Ina most interesting manner, Mr. ‘Humphrey has described | the Court 
2 dealing with title to land in Massachusetts, and the surveying that i is done for , 


the Court. ~ Each State may w well create a Land Court after the Massachusetts a 3 
a, pattern. it would be a boon to engineers who have as their primary function = 
on the placing of valuable structures on the land. They should be sure thatthey 
_ have the boundaries accurately defined and located before starting their work, — : 
aa Massachusetts i is to be commended and congratulated for having sensed ‘the oe 
importance ¢ of good land surveys, and for giving the effort necessary to make 


iy 


Aa In recent years, the AES ET published a number of papers that have told 

‘a the chaotic condition of land boundary surveys in such States as North 
= Carolina Florida, 16 Massachusetts,” and Texas.'* No doubt the conditions 
“portray are ther as in the other States. The writer, knows ‘of no 
- Statei in which satisf actory surveys | have been made on any comprehensive plan. §f 
a8 Mr. Houdlette has justly stressed the difficulty. of using the national tri- 3 


angulation net as the base for local surveys on the system of spherical co- F 


ordinates; but that difficulty has been overcome by devising ‘State Plane 


Co- ondinate Systems, engineer er engaged on local s surveys can use the » plane 


co-ordinates of the triangulation and traverse stations, and needs to pay no a : 


Lie attention to the computations that are involved in the transfer of spherical to to 
az me ne plane co-ordinates. That work is done for him by the mathematicians of the 7 
Coast and Geodetic Survey or agencies like the Geodetic Survey of Massa- 
chusetts. There i is really no excuse on the part of responsible officials of 
- State for delaying the adoption of plane co-ordinates, and the private engineer — y 


doing himself a disservice if he does not use them. tadw 


£7 


% Loc. cit., July, 1938, p. 451; June, 1938, p. 386; and May, 1938, p. 331. 


ott., November, 1938, p. 722 July, 1981, D. ‘507. 


&§ 
a 
| 
4 
as 
- 
|) 

H 

q 

= 


PRACTICE IN MASSACHUSETTS 


a : this sentiment will soon be translated into action. One of the first steps to ~<e 

taken | to bring better conditions into being should be the completion of the — 

. National Triangulation net. In the past, the triangulation has been considered _ 

by some as merely the frame for the topographic mapping; but the triangulation 

4 has so many other uses that it should be finished as soon as possible and not 4 a 

4 ‘merely meet the demands of the topographic engineers of the Federal Govern- GS 4 
_ ‘Mnent. _ The plan for the triangulation calls for the spacing of the arcs of tri- 

; angulation at intervals of about 25 miles. This is th the immediate objective, 

— but the ultimate one is that eventually there will be no place east of the Rocky ee 


Mountains more than 6 miles from a station, whereas this distance i is increased ee 


es & the air. Such spacing of the triangulation stations will make it possible for ie 


engineers of the State Governments to have traverses run n between pairs » 
an stations, along railroads and highways, for the purpose of setting many stations | aa 
ee a) along the routes for use by engineers and surveyors engaged on local surveying _ 
for engineering and land boundary work. som t 
ee: Perhaps no one is to blame for the slip-shod s surveying that has been done i in i as 
the United States during the past hundred years, but the bad practice should 3 
be continued. The Corps of Engineers of the U. 8. Army has been ‘making 
surveys for river and harbor improvement and flood protection for many years, ie 
and, although the surveys have met their immediate needs, in most cases they a 
were of a low order of accuracy, and in most instances no permanent monu- = a 
ments were left on the ground. e This triangulation or traverse cannot add much 
to the national horizontal control system of the country. = | 


; _ The Topographic Branch of the U. 8. Geological Survey | has done an enor- % 
. mous amount of control surveying for its topographic r mapping; yet only a very 


5 4 small percentage of this has been of such a standard as to make the results of bs ; 


land boundaries. their old work they left few or no permanent monu- 
ments. They should not be blamed for doing work with no more accuracy than ~ j 
just: sufficient for their small-scale “Mapping. They received a pitifully 
oe small sum of money for their ma) mapping, so they could not divert much of it to eC oe. 
i: control surveying. Since there are so many needs for the results of the 
_ control surveys, however, , the Geological Survey should strengthen its workin 
2 Tespect. This applies also to the control surveys made by the Corps of a a 


4 ached in each of the States, all State agineies) such as the Highway Depart- 2 2 i 
‘ment, should make their control ol surveys: with the accuracy needed to meet 
- future use of the data secured. To do this would cost the State very little i 
additional. _ The first step would be to purchase good instruments. The day 
_ of the 1- -min transit, the non-standardized tape, the old-fashioned level, and the Fe 
et Wooden leveling tod, has passed just as the day of the wheelbarrow and the ox _ 
7, cart has passed. Po continue to use the old types of instruments is bad aie 
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SS ae veying and mapping the best available instruments, machines, and equipment _ 
are bought | and used. It is costing money to continue the use of 
instruments that were scarcely up to date even two generations ago. lanotay 
Although standards of surveying have been is cause to hen 


o methods into practice, whereas: until quite recently there were few who even za 
7... knew there were problems t to be solved. This Symposium i is an indication of — 
pee awakening interest in about the oldest and the most neglected branch of 


States these fell upon. fertile soil, as did i in 
sprouted and were carefully cultivated, even without the continued 
AS support of funds from the Civil Works Administration, and they have lived to _ 


Fs ‘The Massachusetts Geodetic Survey is a credit to those who have supported k 
and administered it not only because of its success as a relief project but also 4 
= because of the quantity and high quality of the work done. The supple- 
mentary control surveys that have been completed will surely repay the po 


of Massachusetts for its support of the project. rf The uses of the new geodeti 


; — scribed by both authors of the Symposium; much of the valuable ha vest that 
State will r reap will be through these uses. (av ttre 


"operation with the State of Massachusetts for the’ purpose of making, 


 : are needed for this new mapping, and ordinarily it would be necessary for the 
Geological Survey to spend considerable sums of ‘money for 
_ preliminary surveys. before the actual mapping could begin; but with the 
a results: of adequate control surveys made by the Massachusetts Geodetic 
ai ‘Survey already available, a a larger proportion of the funds appropriated for 7 
4 _ mapping can be applied toward the primary purpose of the program. In this 
way, also, the State is reaping a genuine harvest because it cultivated the — 
project that has become the Massachusetts Geodetic Survey. » doa 10 
In his historical sketch of early surveys in Massachusetts, Mr. Houdlette 


i 


facts. In his reference to the mapping authorized in 1884, he conveys 
the i impression that the co-operative agreement was between the State and the i 
. 8. Coast and Geodetic Survey, then a bureau of the U. 8. Treasury Depart- i j 


% ment; but. ; Chapter 72 of the Acts of 1884 of the Massachusetts Legislature 
“taka, Chf., Section Computing, U. 8. Geo 
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ROBERTS ON SURVEYING PRACTICE 


> 


provided for the m mapping of the State in with the v. 
te logical Survey, not the U. 8S. Coast and Geodetic Survey, = 
‘That agreement, made in 1884, produced the original topographic “quad- 
% rangle’ maps of Massachusetts which were published by the Geological -V 
_ Survey. _ They are known to all map users in the State, and their popularity tas 
is attested by the large number of copies that have been distributed since _ 
& they first became available, shortly after the completion of the field surveys 
iow The co-operative agreement, defined by Chapter 72 of the Acts, is an 
= important one in the history of the U. S. Geological Survey. It was the 
first of the agreements of its kind made with States wishing to expedite topo- ea 
graphic mapping within their borders. The success of the program established 
2 it as a model for co-operative agreements with other States, and many similar 7 — 
agreements | have since been made. At present the U. S. Geological Survey 
. has co-operative agreements for the making of topographic maps with 17 _ : 
a States and with Puerto Rico. One of these has resulted in the new co-operative PRS ia : 
mapping program previously mentioned. © 
‘The new program in Massachusetts has been undertaken because the 
existing maps on a scale of about 1 mile to the inch, which were made between 
1884 and 1888, do not meet the exacting modern requirements. The new 
"maps, published. on larger scales with smaller contour intervals, ‘permit 
es showing of greater detail and are up to date in showing developments in the 
works of Man. ‘Thus, they are more nearly consistent with the —— 
Rr economic importance of the areas they represent. ‘The 192 separate sheets, : 
a: _ whole and fractional, that will be required to show the entire State, are first — 
ce reproduced as lithographs on a scale of 1: 24000. To the present time, a ee 


have been reproduced as unedited advance sheets in two colors. ~ Beginning — fa 
now (1939), however, the advance sheets will be edited and reproduced red 


7 


B. ‘Rosents,” M. Am. Soc. C. E. (by letter)—Added emphasis 
may well be | given one aspect of the subject treated by Mr. Houdlette. Refer- z=. 

ence is made to the difficulties experienced in the past by those who have — as 

tried to popularize the use of geodetic control for the correlation of local moe 


"surveys; namely (1) inadequate distribution of geodetic control points, and 
(2) a widespread reluctance of surveyors to undertake the somewhat specialised 
Computation necessary in adapting geographic position data 

Mr. Houdlette’s organization has gone far to remove e the first these 
ae ei in Massachusetts, and a few more years of such work may well see | 


the State so well supplied with control points that few, if any, surveyors could 
a “conscientiously avoid controlling their work by t use of the national geodetic 
datum, The U. 8. Coast and Geodetic Survey, in designing adequate plane 
ag ‘co-ordinate projections for the States, and publishing tables relating thereto ee = a = 
has largely resolved the second difficulty. When that Bureau completes. sits 


intended publication of the plane co-ordinates of all its triangulation stations he 
_ ™ Hydrographic and Engr., U. 8S. Coast ond D. 
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it will. done completely. Naturally the well- known | operations of so 


diligent an organization as the Massachusetts Geodetic Survey are a ‘tre 
mendous added force in popularizing the plane co-ordinate projection in 


emphasis intended: to be given by this discussion i is to the fact advanced 


os sonndionton, 4 the local surveyor, to use them, has no specialized computations 
et, ., to make, no new surveying process to learn, and nothing unusual to do but to e 
from the nearest control points instead of at random. From there on 


2 : ventional manner, and adjusting for the closure errors as he has alw ays done. 
. _ He may make a perfectly traditional plane survey; yet there is the tremendously _ 
Bes ax. important difference that his work is on a standard grid rather than an arbi- 
is trary local one. His work is based on the national datum, and is therefore 
f correlated with every other such controlled survey throughout the entire 
= country. . This simple innovation, therefore, can eliminate the multiplicity of 4 
origins, mostly unrelated, the over-supply of height datums, and the economic 4 
jams of thousands of uncontrolled surveys of only momentary wee t 
The writer 
observed, that many engineers are preoccupied ‘with. 
iz and fail to “‘_pound home”’ the simple fundamentals necessary to impress others. - 
The — fundamental here i Is that by a and co- 


instead of at cross weno add en q 
-— _ Mr. Houdlette is to be congratulated for the untiring productive work he 
has done, and for his. excellent presentation of the subject. It is to be hoped 
that similar programs may be adopted in all the States. Massachus etts 

learning that yore, in surveying as well as thei, and alt 
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BY IRVING B. AFFILIATE, 


ory 


None of the varied f large d 
None of the varied types | of foundation cond litions of large 
more difficult problems than those of dams on uncemented shale or siltstone, 
and perhaps in no other branch of Engineering Geology is there more need — 
eg additional research. _ The principal purpose of this ‘paper is to describ 
some of these problems, using Conchas Dam as an . example, to explain how rou: 
_ they were investigated and met in this particular instance, and to outline the 7 
. 7 research necessary to solve similar | problems more adequately i in the future. Se 
a addition, this paper outlines some of the problems “encountered with high ‘ 


on sandstone containing water ‘under artesian pressure, since Conchas 


Dam rests on n both shale and sandstone. 


is a project f the United States Army on the 
‘South Cs Canadian River 30 miles northwest of 3. N. ‘Mex., , designed to 
“regulate and utilize the flood waters of the river. The dam is nearly a quarter 
: of a mile below the mouth of the Conchas River, at a point where the South 
Canadian River turns from a southerly to an easterly co course. The length of 
the river above its junction with the North Canadian River is 700 
= _ of which only 150 miles are in New Mexico. Its basin is wider in the upper a. 
part, however, with the result th that 51% of the e drainage are area and all the } major We 
Stibutaries are in New Mexico. Flash floods of great magnitude are common, 
but during much of the year the river is nearly dry. The greatest recorded — ioe , 
flood had a peak | flow of 279 000 cu ft per sec at the dam site. . The climate is 
_ semi-arid, the annual rainfall being less than 15 i in., but the river has its sor sources . 
_ in high mountains where the precipitation is somewhat greater, = | 
_ The main dam is a gravity, concrete structure 240 ft high and 1250 2 


long with the crest of the at Elevation 4 240, and an uncontrolled 


ENGINEERING GEOLOGY. PROBLEMS AT 
DISCUsstoN BY MESSI >» InvinG B. Crospy. 
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a connect with both ends of the main dam and the South Dike pes. = . 
6 400 ft from the South Wing-Dam (see Fig. 1). In 


3 
wale 1.—Concuas I Dam AND Dies 


Main Dam there i is concrete Emergency Spillway 3 000 ft with earth 
dikes at either end. _ At the. south end of the South Dike are the Irrigation 
ie and beyond i is a small dike in a saddle. The earth ie a 
ee and dikes, the highest of which will be 96 ft, total 3 miles i in length. ett 
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oS Fic. 2.—Vrew or Mar Dam, Factna Up Srream, Decempzr 24, 1937 


main concrete the canyon of river and rises es above 
“6 ‘the walls of the canyon, the wing-dams extending to higher ground on either — 
ie side (see Figs. 2 and 3). _ The main dam contains approximately 750 000 cu yd 
concrete and the “emergency spillway and irrigation headworks contain 
Fe nearly 80 000 cu yd of additional concrete, making a total of 830 000 cu yd. 2 


The wing-dams and dikes contain approximately 2 900 000 cu yd of earth-fill ily 


ba. 


When full, the reservoir extends about 14 miles up ‘the South ‘Cencdian if 
me River and 11 miles up the Conchas River, but ¢ the valley of the Conchas ee iy 
i provides the greater part of the storage capacity due to its greater width. 
+‘ Above the dam site the South Canadian River is generally in a narrow aa 3 
from 100 to 200 ft deep. The total storage capacity will be approximately — 
— 600 000 acre-ft. Of this, 100 000 acre-ft is dead storage, 300 000 acre-ft is 
irrigation storage, and 200 000 acre-ft, Sood control storage. 
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A Preliminary work was begun with Government forces in August, 1935, 
and a contract was let for the main dam and wing-dams on October 6, 1936. 
Katona information about the purpose of the project, its history, the iad 
a oa engineering and construction features, and the hydrology can be found in a mi 
= papers by John R. Noyes,? Assoc. M. Am. Soc. C. E., and by Gerard H. a 
 Matthes,* M. Am. Soc. C. Bi io traq 190! alot ehidy to 
a The project has been in n charge ¢ of Hans Kramer, M. Am. Soe. C. E., District ne ‘ 
= Conchas District. James H. Stratton, Assoc. M. Am. Soc. C. on 
a8 ‘Chief of the Engineering Division until May 15, 1937, when he was 
succeeded by Captain L. H. Foote. J.B. Alexander, Assoc. M. Am. Soc. C. E., 
has been Planning Chief and H. V. Pittman, M. Am. Soc. C. E. ‘Okadtilectien! 
Chief. Joel D. Justin, W. H. McAlpine, William Gerig, H. T. Cory, Gerard ie hal 
- Soc. C. E. »and the Louis C. Hill, 


#“Conchas Dam and Reservoir by John R. Noyes, Engineering News-Record, April 


% Ee *“Problems at Conchas Dam,” by Gerard H. Matthes, Civil Engineering, July, 1936, pp. 437-441, 
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Conchas Dam is in an extensive area of fiat-lyi 
ie 4 a 


= with the youngest and highest: 
(1) Tow nsite Formation (sandstones and shales about 450 ft thick); 


Q) Variegated Formation (shales with some sandstone about 300 ft 
6) ‘Canyon Sandstone (about 100 ft thick where not eroded); 
38 Upper Red Shale (average thickness, 64 ft); : 
Pink Shaly Sandstone (average thickness, 25 ft); ras 
6) Upper Artesian Sandstone (average thickness, 64 ft); ; ay rok 
2) Lower ‘Red Shale (average thickness, 30 ft); and, Lai 


formation at the ‘site “were ven which are, 


- ats the main dam site, and the upper artesian sandstone was uncovered in a % 
= The lower red shale and the lower artesian 


_ The canyon sandstone is the rim rock of the canyon and, in ae is ne 
Pi grayish to brownish, massive sandstone; some parts of it, ‘however, _ 
_ thin bedded and softer. Where not fractured, it is a strong foundation rock _ 
ee the practical problems concerning it have to do with the cracks which 7 
t, and with the fact that it rests upon a weak formation. _ ee 4 
‘The upper red shale is almost entirely devoid of the laminations typica os 
om shale and, except for a few green strata, it appears unstratified. It consists, 


on the a average, of 35% clay sizes (less than 0.005 ) mm), 45% silt sizes (0. 005 


= 0.05 mm), and 20% sand. Siltstone would be a more appropriate name _ 
ies than ‘shale. The proportions of grain sizes vary considerably from place to 
place a as do other characteristics of the shale. a The percentage of clay sizes 4 
_ greater in the south abutment than in the north abutment. The percentage 
, voids (that is, the ratio of the volume of voids to the total volume of of the | a 


aa sample) varies both horizontally and ¥ pra and is higher in the so south 


a percentage of voids to be less in the lower part of the shale, but this character- : 
istic is ‘irregular in its distribution. ‘average percentage of voids in 
twenty-two samples of shale in the south abutment is 25.5; the maximum is 


condition. The average “percentage of voids of forty-five. samples” 
from the north abutment is 17.6, the maximum being 26.0 and the minimum, — 
2 5. The specific gravity of the mineral grains averages 2.76. All the tests 

" pee? indiiastn- that the shale is saturated with water. The red shale cracks upon 

fat, a = to air and crumbles to pieces. When re-wet, it breaks down to silt. 


iti is s immersed i in water in its natural condition = withost devia 


E 


a — -* and the minimum, 12. 6. The unit weight is 147 lb per cu ft in the | ad = 
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a | The pink shaly sandstone is an extremely variable formation ranging from 
Sand’ ‘shaalle toa fairly massive sandstone. It changes rapidly, both vertically 
cae ee and horizontally. Some parts disintegrate when dried and wet again, and .—CcrvK 
other parts remain sound under such treatment. The practical problems are 


itty sandstone with occasional flat shaly seams; but it is generally 4 
_— bedded. Shaly” beds are more numerous in the upp upper ‘part. of the formation 
; where they were a foundation problem. It was given its name because water — 5 


under ar artesian pressure was encountered i in the borings. _ This fact necessitated 
ae The lower red shale is similar to the upper red shale, and the lower artesian 7 
; _ sandstone is similar to the upper artesian sandstone. The total thickness of 
_ this sandstone is unknown because none of the borings reached the bottom of — 
it. Both these formations are at such depth that they cause no practical e 
problems. olada taniong od baa oft ted 
South and southeast of Conchas Dam the lower part of the Dockum ee a 
and certain other formations no ‘beds of gypsum were 
dam at great depth. deepest boring reached 240 ft beneath the river 
aa without encountering gypsum, and it is certain that if any exists beneath the : = 
it is so deep that it will be harmless. to ve a 
The at Conchas Dam were laid down flat in n water 


of the Conchas with the result that this valley is wider than the 
canyon of the Canadian River. No evidence of faulting was found near the 


dam site or in the reservoir basin, and the nearest known fault is 34 miles _ 4 . 


The rocks at the dam site are intersected by fractures or joints 
‘iny various directions. ‘These cracks are most numerous in the ‘canyon sand- 
tone and artesian sandatone and least developed in the red shale. The 
_ joints are most numerous in the directions N 50° W and N 40° E, and they 4 
are in general nearly vertical. The joints show ¢ every gradation from incipient 
Planes of weakness to open cracks. In the canyon sandstone near the canyon he ¥ 
wall: where blocks of | sandstone could move toward the _unsupported edge, 
_ There are comparatively few joints in the 1 red shale, but there are a +5 
other fractures in various directions, and dipping at various angles. 
ocr fracture of the red shale is a short, curved, striated or slickensided 
fracture running in any direction and di ipping at any angle. These fractures 
are generally from 1 in. to a few inches in length with a maximum length a 
a foot. Similar slickensided fractures produced in the Soils 
ene Laboratory at Conchas brs by shearing a specimen of the red shale under re 


heavy transverse load. These fractures are evidently caused by very sn sma 
_ The formations at the dam | site were formerly buried by younger formations 
- to a depth of at least 1 200 ft. 0 Remnants of these younger and higher forma-_ 7 


tions can be seen in the near-by mesas. Between the mesas is a broad undu- 


| due to this variability. The shaly parts of it present problems similar to those iia 
picallaminsted shales 
4 
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. dip of about 2° to the southeast upon which have been superimposed gentle 4 
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; 
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= Mating valley in which the river is satentnchedi in a ‘canyon. if Old river gravels 
give evidence that the river formerly flowed at the level of this old valley. i a 
‘The dam crosses the canyon, rises above the canyon walls, and extends on di = 
Sy a the cap | rock on either side, as shown in Fig. 3. The central section of the _ a 
mas high part of the dam is founded upon the ‘upper al artesian sandstone, but the 
sue _ two ends of the high section rest upon the pink shaly sandstone. The high 3 
es section 1 abuts against the canyon walls of red shale on either side of the canyon. Bes , 
a oe The two ends of the dam which extend wu; upon | the cap rock will rest upon the % 4s 
ae = sandstone which overlies the red shale. From either end of ithe 
oy concrete dam, earth wing-dams extend to high land. The South Wing- Dam j 
is on shale and sandstone of the variegated formation except for the northern — ‘ 
end which rests upon the canyon sandstone. The North Wing-Dam is on = 
: ~ the canyon sandstone, but the northern end will be against shale of the varie- — ss 
ee _ The main part of the South Dike rests upon shale and saindstone of the 
. variegated formation which provides : a tight, satisfactory foundation for this _ x 
structure. The southeasterly dip causes the top of the variegated formation £4 Ff 
5 to be lower at the south end of the South Dike, with the result that here the — 
id oR top is below the level of the crest of the dike and the south end of the dik 


, oe rests 1 upon sandstone of the townsite formation. The tunnel for the ‘irrigation 


on 


ri 4 5 a bai: outlet is in shale of the variegated formation which is here overlain by a cap 8 : 
The Emergency Spillway rests upon the “variegated shale and sandstone, 
ss butt in places this is only a thin layer on the canyon sandstone and the senile « ae 
excavation was extended down to this sandstone. Where the spillway 
RS oe, structure rests on shale the foundations were excavated to sufficient depth to a 2 ae 
4 remove the possibility of sliding of this low structure. These structures will 
not be discussed. further since there are no 


at: ber, edt... at PRACTICAL PROBLEMS bar 


” ‘The most important practical problems at the site of the main concrete ia vt 


7 


- (a) The upper red shale as a foundation formation (its competency to — - 
‘support the design load, settlement of structures upon it, and the protection i - 

the shale from disintegration); ad? gi woh: 
Seepage under the dam through ‘the artesian sandstone, uplift 


on the foundations ef the dam from artesian water in this formation, and = 


meeting these conditions by grouting and drainage; and the selection 


5, 


the stability of structures resting uponthem;and, 


(c) Seepage under and around the dam through the canyon sandstone, +4 ; 

ee and its prevention . Effect of the cracks in this formation on the stability of a —_ 
= _ Problems Connected with the Red Shale—The red shale presented the most i : 
= oe. serious problems. It is an unlaminated siltstone which was deposited as a - 
silty mud. Its consolidated condition i is due to compaction and not commenter! 


‘ 
q 
‘ 
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— 
— 
— 
— 


jt, and their weight compacted the mud, slowly squeezing the water out of 


= the pores. As the compaction of the mud continued it became hard, silty ‘3 a 4 
4 clay and finally | siltstone or shale. Erosion subsequently removed much of = 


_ the load and the shale expanded somewhat but did ‘not reach its original 
porosity. if When load i is again placed ‘upon | it there w will | be ¢ a a renewal a com- 


a part of of the dam resting upon the shale will cause some cctnpnction of the 
shale, with resultant slight settlement of the dam, even though the weight of 
the dam is much less than the weight of the. overlying formations that have 


estimates 0 of settlement had been ‘made, but there was some » question as to the’ 7 
accuracy of these methods when applied to shale instead of to clay for oer coli 
tests had been designed ; and it was desired to check the results. AS 


toe and uncemented shale it was epeniaia to apply this method to this on a 
_ In this case it was also possible to make an approximate estimate of the former — 


i Toad on the shale from field observations. Therefore, if these two estimates Ry 2 
us 
= consolidation ‘tests had been conducted with ; a maximum pressure of 25 tons a 
ae: per sq ft, and it was not possible to use higher pressures with the << ie 
fr apparatus. It was evident that the original pressures were much higher and *.: 


apparsina Was designed eapable of testing the sample under a pressure 
a greater than 100 tons per sq ft. The most reliable tests made with this 
: apparatus : indicated a former | load of 64 to 70 tons per sq ft. ‘Several miles 
of south of the dam, Mesa Rica rises more than 1 200 ft above the river. The a 
ae Ogallala Formation, the youngest known in this region, caps the highest part : 
ce _ of the mesa. It is known that this high formation once extended unbroken aaa 
i to the ties Estacado, about 15 miles to the ‘south, and to the Canadian i 
ay Escarpment 30 miles to the north. This high formation thus once overlay — a> 
_ the dam site and it is possible to make an approximate estimate of the load 2 ee 
% that once rested upon the red shale. The difference of elevation between the ale 
_ Summit of the mesa and the shale at the dam site is 1 250 ft, and this i is th 
-burden on the red shale. Due to 0 dip of the strate as and other 


* - at that time are unknown, the weight of this over-burden i is not exactly known; 
Le but, using extreme , sesumniitions. gives 1 values of 50 and 94 tons per st sq ft for 
the two extreme conditions, with the most probable range between 60 pre 
we 70 ) tons per sq ft which checks w with the laboratory estimate of 64 to 70 tons 
per sq ft and indicates that the laboratory tests are at least nae 


Ht ge ols Estimates of probable settlement of that part of the dam underlain + 
4 red | shale were made by applying the laboratory results to the geological a 


2 oo Structure of Clay and Ite Importance in Foundation VET Ne by Arthur Casagrande, 
_ Amsoc. M. A: Am. Soc. - E., Journal, Boston Soc. C. E., April, 1932, Vol. 19, No. 4, PP. 176-179. Uy PEO 
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settlement, sherefere; between the. parts of the ‘dam underlain. by the r 


shale and those parts resting directly upon the artesian sandstone. The 


condition being known, the dam was designed to meet them, and a special 
joint was devised between the. different parts of the dam.* Differential 
ou am between the monoliths underlain by the red shale and those ee 


an The strength of the shale—that i is, its competency to 0 support the load it 
will be required to carry—was s studied by geological observations in the field 
and the conelusions were checked by laboratory tests and by computations. — fi t 


= In the north abutment the red shale is about 70 ft thick, the sandstone cap _ 


. _ rock averages 20 ft thick, and the dam rises 95 ft above this :. Therefore, the 
on the shale is 20 ft of sandstone and 95ftofdam. = = | 
a a Tees ‘The canyon walls were studied for miles above the dam and places were 
S found where the sandstone overlying the shale is more than 100 ft thick. 
Thus, there is proof that the shale is sustaining a load as great as, or greater a “4 
than, that of the dam, without failure. The canyon walls generally break 


down by weathering of the shale. The shale cracks and disintegrates upon 
> exposure ‘to air, , the sandstone is undermined, and large blocks tip and 


4 due to failure of the shinte were where the stream had the cliff 


q 


stresses greater than any 
"The field observations thus indicated that the red shale is strong enough “— 
support: the dam. This conclusion was checked by laboratory tests. 


series of shear tests and of unconfined compression ‘tests on samples 
7 = the shale were made in the Soils Laboratory at the dam, with the results shown og 


in Table 1. Compression tests were made on 2-in. cubes. The 3 


“TABLE RESISTANCE, SAMPLES ‘OF RED 
at 


(All Units Are Pounds per Square | Inch) | oft 


feet, 
mean sea lev 
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| 
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samples from different elev vations, i in both the north and south abutments; 


< 


» et  Astudy was | made of the stresses in in the soll shale under the action of the 
dam. The assumptions and constants were used: ede 


Le 


4 


d 


— 
— 
— 
Ay 
— 
— 
— 
ae 
= — 
— 
— 
q 
a 


top of the canyon sandstone; ; and the bottom of shadibead wel taken at 

~ Blevation 4 120, and the bottom of red clay shale at Elevation 4 050; boat ae 

5 (6) The foundation materials were considered as homogeneous an 

acting in agreement with Hooke’s law; 
a (ce) Five different classes of assumptions as to the distribution of stress at 
’ F Elevation 4 140, and the effect of the sandstone in distributing the load at oe 
Elevation 4 120, were studied (see Cases I, II, III(a), III(b), and IV); ine 
= 38 _(d) The modulus of elasticity of the concrete, sandstone, and shale was a 


Ree assumed equal in Cases I, II, and III(6); and the modulus of elasticity of the 
= shale was assumed to be one-third of the modulus of the sandstone or concrete i 


» TABLE 2.—CoMPRESSIVE SrRENGTH OF RED 


edT aia Pounps PER Square IncH 


an 2 of if 6 | 7 Gas “10 | average 


650 | 1300* 
565 
350 | 300 
Sours Asurmenr (Priasrer SHArrs) snvawon 


4 
525 ae 4 


© A cross-section of the dam’ and foundation’ w was studied in each case, ak 


‘aa no forces acting ba right angles with the plane of the section were — 


Uplift and internal pore pressure were neglected; oft 


per cu ft for concrete, sandstone, and shale: and, & 


(bh) The reservoir was assumed “permanently filled to Elevation 4 230 for 


The ‘following possible 
I Straight line distribution of stress at Elevation 4 140 was assumed 
; and the sandstone was considered effective in spreading the load. This case 
e represents the minimum stress concentration that can exist in the shale 
foundation. is oval. 2 lo gaitins ad} 
II —Non- linear idistsibution: of stress at Elevation 4 140 was assumed 


and the sandstone was ss considered effective i in spreading the load. This case 
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gives stress concentration at the toe and heel in of the base , but 
> considerable distribution before the load is transmitted to the shale. has 
ITI(a) —Non-linear distribution of stress at Elevation 4 120° was 
=a assumed. The sandstone above Elevation 4 120 was assumed to act with the 7a 
but to be ineffective in spreading the load on to the shale. sok 
Case III(b).—All assumptions were the same as in Case III (a), except for 
the substitution of linear distribution for non-linear at Elevation 4120. 
Case IV.—In this case, non-linear distribution of stress at Elevation 4120 
was assumed. The sandstone above Elevation 4 120 assumed to 
the dam, and was considered to be effective in the load at 45° 
_ Stresses were computed for all these cases. _ Case I is less severe than 
- actual conditions; the assumptions i in Cases II and IV may closely ‘approximate 
ae actual conditions; but Case III(a) is the most severe condition possible. The 
peo obtained are e conservative and are the ones given herein. ' . The a 
‘computed shear stress in the shale at Elevation 4 120 is 138 lb p per sq in. The 
_ average shearing strength as computed from unconfined compression tests on 
? twenty 2-in. cubes was 266 Ib per sq in. This i is for material unconfined, but at 
ae & point of maximum stress the shale will be confined by a monolith which 
rise from the sandstone below the shale. The maximum stress for this 


condition will be about 35 Ib per sq in., , giving a factor of safety of about 

“Laboratory t tests and thus confirm the conclusions 
as to the competency of the shale to support the load of the dam. Thereare 
“factors, however, which the laboratory tests and computations cannot take 
into consideration but which are included in the demonstration given by the 

canyon walls. 8. The shale is intersected cracks and planes of weakness along 

which the resistance to. shearing i is less. If o nly the laboratory results were = 


? considered there would Temain the possibility that these fractures might so 


"greater load without evidence of failure. "Therefore, the field and 


a methods: together give greater assurance than either alone. The laboratory — 


zs aed gives definite values for certain cases and the field observations | take 2 
i into consideration factors that cannot be provided for in the laboratory, The _ 
conclusion must be, therefore, that the shale will not fail under the additional 
_ Another problem is caused by ‘the cracking of the shale upon drying and its st : 
disintegration when wet again. Drying and disintegration of the sliale proceed 
a = - rapidly. _ Exposure of a few hours causes the formation of cracks, and every ie 
me ~ erack expedites drying by letting air into the mass of the shale. When the 
a shale is again exposed to water it slakes and disintegrates rapidly to mud. 
a i ne As a result there are no natural exposures of shale, unless they have been formed _ 
cS’ bi very recently by the cutting of a stream, or otherwise. Where the red shale . 
im — in the canyon wall the solid shale i is concealed by: many feet of eracked 
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GEOLOGY 


‘iho until anal to pour concrete e and then making the final excavation and = 
placing concrete rapidly, or by painting the surface of the shale with an asphaltic 4 
or other protective preparation. The or nly places where this problem is im- _ 
e portant are at the two abutments where concrete is poured against vertical rue 
faces of shale, and the dam i is stepped up from the lower sandstone to the ic’ 
Inorder to avoid having : any part of the dam; rest shale it 
was necessary to cut vertical faces in the shale which is 70 ft thick on the north > 
vi side and 50 ft thick on the south side . On the south side the shale supports a q 


Bee of cap rock 80 ft thick but on the north side the cap rock is only 20 ft thick. 


 aees from the sandstone below the shale to the canyon sandstone above. 
the shale. These columns were designed to act as beams to give lateral support — 


‘insole. wen poured hall these shaf ts. Before the shale was excavated, a 


4 monolith 54 ft away had been brought 1 up to the level of the top > of the shale 
and then the columns were braced against it. The shale was then excavated 
_ without ‘difficulty, concrete panels were placed between the columns, and the ig es 
- monolith was poured® (see Fig. 4). This method was adopted before the — - 
J _ *For more complete description see “‘Dam Building on Difficult Rock,” Engineering News-Record, 
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difficulties at the north abutment were encountered. This procedure was cat 


~ considered feasible s at the north abutment on account of the thinness and broken er 
me a character of the cap rock. Since the load on the shale was much less here, an AG 
Hedger ae attempt was made to excavate a vertical face 


= eau Without any support and to pour the concrete __ 

against the‘shale; but when the face was about — 
Hem 


poereee 50 ft high pieces of shale began to spall off and 3 
was not safe to proceed. Spalling continued 
geld ae of a few feet, with a maximum of 7 ft as de 
aw ‘Face, Betore 
Spalling abis a termined by actisal measurements from a skip 
suspended from the cableway. (See Figs. 5, 6, 
7.) The cap rock did not collapse and was, 


ve De which not only removed all question as to the 


has Wot ae stability of the shale face but solved other diffi- 
red shale to the pink shaly and a 


monolith was poured in this trench. _ The trench 
“Scale in Feet 


was dug in sections and braced and the monolith 


Fig. 5.—Secrion or Norra: was poured in sections. There was no difficulty 


or SHALE with the shale during excavation of the trench, 

pet When the monolith was complete, the shale be- 
itween it and the exposed face was ‘excavated and the intervening monoliths 
2 


ha 


is a rock for this pu: purpose. Iti is ‘moderately. its compres- 
4 sive strength s as shown by eight tests ranging from 6 500 to more than 106 ; 
per sq in. ‘There are problems, however, due 2 to the fact that it is porous, 

is intersected. by joint cracks, and contains water under artesian 


‘The artesian sandstone was not exposed before excavations were begun, 
se ‘a bat it was investigated by numerous core borings and by two 30-in. borings, ‘ 


8, 


= 


. me 76 and 81 ft deep, , respectively, into which it was ] possible to descend and inspect = 4 
yy se 8 the rock. Such large borings are the most satisfactory means of investigating 

foundation rocks. The smoothly cut surface of the holes shows up cracks, 

Ba Be. seams, and soft layers to much better advantage than the rough sides of shafts. d ‘ 

the first holes were drilled into the artesian sandstone water flowed 

4 a = from them, — _ The largest a artesian flows were from the middle part of the upper on 

sandstone and from the lower artesian n sandstone. static head 

er Sau oe of water in the various holes was measured. The elevation of the river at the — 4 

dam site is approximately 4 ( 4050 ft and the highest static ¢ head o of water 
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6.—Norre ABUTMENT BEFORE SPALLING oF SHALE, ‘SHOWING ASPHALTIC 
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GEOLOGY 

which penetrated the upper xr artesian sandstone only was 4 065 ft tt. 

pp per artesian sandstone outcrops in the South Canadian wea two ‘miles up 


e tesian sandstone outerops farther up the river at at a somewhat b higher devia. 
meee Sy and | the highest static head of artesian water in holes penetrating the lower __ 
ae sandstone i is 4082 ft. Both these static heads agree with the elevations of the = 
probable intake areas of the u ‘upper and lower artesian sandstones. 


am 


and for the lower part, next to the lower red shale, it is also low. ‘The perme- $ " 

ability of the sandstone was tested both parallel and perpendicular to the bed- : 
ray ding. The ‘permeability parallel to the bedding i is greater than it is perpendicu- 


lar to the bedding, but even so it is low. The highest coefficient of permeability 
; ‘measured was 1.2 by 10-* em per sec. At this permeability water would flow 
By. through the sandstone under unit hydraulic gradient at the rate of 0.000024 


a s ft per min. This is only 0.037 ft per day, an extremely slow flow, which — if iB: 
. not account for a flow of 121 gal per min from some of the holes. _ This fact 2 * 
and others indicate that the artesian water moves p: principally through cracks Ra ne 

rather than through the pores of the rock. Observations in the two 30-in. 


borings ‘support this conclusion. Since the rock is. porous and permeable, 
artesian pressure under static conditions will be equalized throughout it (eed ‘ 
ie) If the dam were built on this sandstone without s a | grout cu curtain and without _ 
 (eaeeee, ‘the base would be subject to uplift pressure decreasing from the hel bi 
to the | toe and the pressure would permeate the entire f oundation rock . ‘There : 
might also be an undesirable seepage under the dam through the cracks in the C = 
a ‘aaditone! _ Seepage is reduced by a grout curtain extending down to the lower 
shale, and uplift pressure i is reduced by drainage. The conditions at this 
a dam | site are excellent for an effective grout curtain since the seepage will be 
principally through cracks, and the grout holes can reach an impervious layer 
at a moderate depth. Since see seepage will be through cracks which are generally 
vertical, inclined are more emeotive in intersecting the greatest number of : 


‘The grout curtain consists of on 4-ft centers at ‘the heel of the dam, 
dipping 75° S—that is, inclined 15° from the vertical. Every other hole ex- 
tends down into the lower 1 red shale and the alternate holes.reach vertical 
= depth of 20 ft. Provision was made for closer grouting where necessary. . 
— 3 In rock with flat bedding seams, , there is danger of opening the seams and i 
the rock by excessive grout pressure. Such uplift has been ‘observed 
‘in some cases and since open bedding cracks were seen in the two large borings — 4 
ay the possibility of this uplift was eliminated by restricting the p pressure to a. 


; weight of the overlying material. ‘Grouting was done after considerable con- 
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overlying rock and cbndiete. In to use pressures in n the lower part = 
& " the holes they were grouted in stages using stops at a vertical depth of 20 ft. Bi ArT 
_ The average grout consumption of 122 deep holes was 62.9 sacks, the ae a 
minimum, 0 1 sack, and the maximum, 3 683 sacks. The average per foot of os oa 
~ hole was 1.05 sack. Omitting the 2 holes that required more than 600 oe 
each the average is 24.9 sacks per hole, or 0.42 sack per ft of hole. Theaverage — 
grout consumption of of 111 shallow holes was 15.5: sacks, the minimum was 0. . 3 
y sack, and the maximum w: as 433, 2 sacks. The average per foot. of hole was 
- es 0.78 sack. - Subsequent boring has produced cores with cracks thoroughly filled a 
= and. two parts of the core firmly cemented together. In addition to the line of ae} 
aes grout holes at the heel of the dam, | provision is made for a line of holes from me ly 
es. gallery i in the dam.. - These holes can be grouted at higher pressures after the 
dam is completed. At the abutments where the foundation is stepped up to -, 
ie ebay sandstone the grout holes were inclined under the cliff and higher i 
Relief o: of uplift pressure is provided by a. line of _ drain holes from a 
gallery down stream from the grouting gallery. i The average spacing of drain 
holes approximated 15 ft on centers. — _ They were drilled to the red shale after 
all grouting had been completed. This program of. grouting | and drainage 
should. solve the practical problenis of the. artesian sandstone. The drain 
holes will relieve uplift pressure and the grout curtain will | preyent undesirable oe 


= on Artesian aquifers similar to this sandstone are believed to be subject to. 


4 


pressure.” Since the artesian sandstone will be exposed. to reservoir water 
will be subject to the fluctuating. head of the reservoir and, theoretically, ire 
- it should expand and contract. It is not known that any such movement has a ce 
ee, been recognized at any existing dam and it would probably affect a considerable i a 
area ‘uniformly and be harmless. F urther research on this point is desirable. ee 
_ As has been mentioned there are lenticular shaly beds in the upper part of = = Nt ; 
a the upper artesian sandstone. These beds are not continuous and, therefore, 
the foundations of the different monoliths were excavated to different 
inorder to reach beds of massive sandstone. # || 
On either side of the Tiver n near the abutments i it was not considered neces- ae 
: y to go down to the artesian sandstone and the foundations were placed on wt 
massive beds in the pink shaly sandstone formation. The only possible a 4 a 
- from this rock is in regard to sliding on some of the shaly bedding seams, but md 
the excavations were carried down to such depth that sliding would involve 


shearing overlying beds of massive sandstone, which would be = F 


ire 


‘impossible. _ Unconfined compressive tests on the pink shal ily sandstone showed 
a minimum strength 0 of 2 240 lb per sq in. when | wet, and a maximum of 6 940 
when dry. Shear tests parallel to the bedding on typical samples in natural a 
condition under a transverse load of 100 Ib per sqin. gaveaminimumstrength 
b. of 441 Ib per sq in., a maximum of 2 035 Ib, and an average of 971 lb persqin. _ 


*“Compressibility and Elasticity of Artesian Aquifers,” by Oscar Edward Meinzer, Economic Gesleay, 


is believed that the foundation i in the sandstone 
and the pink shaly sandstone are thoroughly competent t to support the loads 7 


onde ‘STABILITY AND TIGHTNESS OF THE Canron SANDSTONE 

The canyon sandstone at the north abutement was cut many 


eracks, and large blocks near the edge a appeared to have moved. Therefore, 
questions were put to the geologist as to the cause of these cracks and their 


at oan = ‘open condition, as to the cause of the movement of large b blocks of sandstone, B 
Ye whether this movement would continue after the dam was built, and as to 


; gl whether this rock was a satisfactory foundation for a dam 100 ft high. Fur — 


 * __ thermore, there was the problem of preventing seepage through cracks in the 


he 


wr 


of the cracks in the sandstone are clearly joint cracks such as 
sect the sandstones throughout this region. The two possible causes of open- 

; ing of the cracks are solution and movement of the blocks. This sandstone ei 
bie =) — is somewhat calcareous and in places shows signs of solution , but most of the 
cracks are free from such evidence. Ont the other hand it is obvious that many 

a. of the blocks near the canyon wall have moved, and since open cracks are 
mg a ey ¥ restricted to the vicinity of the canyon, movement of the blocks is obviously the EA 

explanation. The cause of this movement is due partly to undermining by 
i _ weathering and disintegration of the shale and partly to frost action and ex- _ 
a pansion from temperature changes. — _ The blocks would move easily toward the 
wall and there would be little tendency for for t them to move | back. 
. The high part of the dam is extended back some distance from the canyon — 
wal at the north abutment, resulting in the removal of the sandstone cap near 
the canyon with the consequent removal of all blocks that have moved. — The . 
; = problem, therefore, is to prevent future movement. When the dam is com- _ 

’ a i pleted the outcrop of red shale in the canyon walls will be covered by an earth 
ae enbankment which will effectively prevent weathering © of the shale near the “ 
2% - dam and will thus prevent undermining of the sandstone. The eart hembank- — 

met > ment of the wing-dams will cover the surface of the sandstone to the canyon — 

es eS mall and = thus protect the sandstone from frost action and temperature j 
changes. Therefore, the causes 0 of movement of sandstone blocks will have 
is = ‘removed when the dam is completed, and there should be no future % 
=e for the blocks of the cap rock under or near the dam to: move. Thus, * 
by analysis of the causes of the unfavorable conditions, it was possible to 4 
these conditions, prevent their future recurrence obtain assurance 

sar ‘The canyon . sandstone is a ‘moderately strong ng rock, as is nee by the un- ¥ 

confined compression tests on six samples under different conditions, presented a 

in Table 3. This formation varies from a hard “massive sandstone to a softer 

} _ thin-bedded sandstone, and the lower values were from samples of the softer 


A 


4 


. 


igh 


4 
— 
— 


From & foundation the cannot be considered alone nes 

‘ - because it rests upon the red shale which is a much weaker rock. It wom est 

a shown that the red shale is strong enough to support the load of the dam ee Bs 
that there may be a | total ‘maximum settlement of 4 in. over & period of years. re 

q ‘There may also be some adjustment due to plastic flow of the shale. mS 
Speman of settlement is not as important as its character (that is, whether it is we , we 


irregular or even), and the way i it is transmitted d by the to dam. 


2 590 | 8 500 | 78: 
2 150 | 7 670 | 6 410 | 8 120 | 6 020 | 3 280 
3 470 | 8 210 | 4 150 F 
If ‘the sandstone were a continuous, | unbroken bed it would distribute any 4 Bi 
- settlement effectively, but actually it consists of several beds intersected by “= Sy " 
numerous joint cracks. Since the cracks are offset from bed to bed, it may be ze 
_— to a mass of dry masonry with offset joints. It will thus be more _ 
rt effective in spreading the load than if the joints continued directly through a 
hae the beds, but less effective than an unbroken bed. _ The sandstone cap in the 2 
_ north abutment is only about 20 ft thick whereas at the south abutment it is - 
about 80 ft. thick, and, therefore, will spread t the load much more effectively .m 
fe than at the north abutment. esi This was one reason for - extending the high part 7 
4 will probably be s some small uneven settlement of the different 
ei beg "the dam at the north abutment but provision has been made for it. #103, ‘The con- Pe 
clusion reached was that the canyon | sandstone would -provide satisfactory 
_ There remains the problem of preventing seepage through the cracks of _ ee 
the sandstone. This is especially important because such seepage might tend — ~ip 
i to erode the top of the red shale. Consolidation grouting of the anyon 
sandstone to fill the cracks was required for the entire area of the =. - 
P and earth dams; then a grout curtain was formed at the heel of the concrete “= 
5 dam by a line of inclined holes extending down to the red shale. . This titi _ -- 
was done after at least 25 ft of concrete had been placed, and grout pressures _ 
Were restricted to 1 Ib per sq in. per ft of overlying materials. Fifty-four shal- =. 
ah. low holes, each 20 ft deep, required 2.32 sacks of cement per | foot, an average a 
6.4 sacks per hole. _ The maximum was 935 sacks and the minimum was 0. ee 
sacks per hole. Twenty-six deep holes, averaging 7 ft, required 1.99 sacks 
mM foot of hole or 77.4 sacks per hole. A comparison of inclined and vertical . 
holes proves the greater effectiveness of the former. Thirteen deep inclined 
holes averaged 3,84 sacks per foot of vertienl 
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0.31 sack per foot of hole. is very, 
the highest coefficient of found being 2.8 by. er cm per sec, 
or 0.000056 ft per min. This is comparable with the artesian sandstone, and 


seepage through the unfractured rock will be negligible. Since seepage will 7 


ea be through cracks and not through the pores, grouting should prevent seepage, z 


effectively, through the the canyon sandstone under ‘the dam. Naa 


foregoing deséription of Conchas Dam illustrates the proble ems of con- 


are common in the Southwest and similar problems cena in other regions; but 4 
high concrete gravity dams on such foundations are rare. There are certain — 
similarities between the foundation problems of Conchas Dam and Tygart fo 


Dam. on the Tygart River, near Grafton, W. Va. The fire-clay shale, or 


indurated clay at Tygart Dam, is not laminated and is pale 8 similar to the _ 
ae red shale at Conchas Dam; but it occurs in thinner beds separated by beds of — 
strong ‘sandstone, and the practical problems | are Tess serious. The same is 2 
_ true of the State Line or Lake Lynn Dam, on the Cheat River, in West est Virginia, 
has been in use for more than ten years. 


4 The investigation of the foundations of Conchas Dam has involv ed . 


solve geological problems. Where precise inethods could be 
tw was necessary to apply their results’ to the conditions in the ground, and it 
was realized that conclusions from the precise tests could be no more accurate — 
than the geological interpretation of conditions in the ‘ground to which they — 
oud applied. The application of precise methods to geological data, which — 
@ from their very nature cannot be expressed i in terms of precise messdrecneils at 
involves the exercise of judgment lest the seemingly precise solution by labora- 


__ tory methods of parts of the Pr roblem may seem to indicate that the solution whe y 


Since at practically no dam site is sossible to all the desirable i 
formation, the importance of geological judgment and familiarity with similar — & 
sites becomes clear. Great care must be exercised, however, so that “judge < 
Ps ment! 1t”” will not be carried to the dangerous extreme of : assuming that, because s 
‘site is ‘similar to another site, a similar dam will result in similar satisfactory 
results. The only safe course, therefore, is to obtain all the information poe — 


a sible, use the best precise methods applicable, compare details with similar a 


x details elsewhere, use the best geological judgment, and then provide for the | g 
worst possible conditions. The last provision will ll take care of the impossibility 


obtaining all desirable information and the us use of judgment based on 
‘The of Conchas Dam site has the need a 
several ‘pro problems. A better 
4 
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| tensive drilling program, large dru holes, tunnels and test shalts, physica 
aul d chemical tests, and tests adapted from soil mechanics; but, nevertheless, it — 
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“desirable of the compaction of shale, and additional high- -pressure “consolida- 
tion” tests on shales where the former load on them can be estimated — a ae 
—__. Little is known about the slow plastic flow or creep of shale under pressures . 
f iB less than its shearing strength over a period of years, although there are many 
indications that such movement does take place. Laboratory tests, field tests 
construction jobs, and systematic observations over. period of years on 


completed s structures should give important information... Laboratory tests 
strength for months, and having provision for measuring ‘shortening and lateral 


expansion of the specimen, should prove whether there is a slow deformation = ; a 
r moderate load. essential, however, to protect the specimen from 
= during testing. If the ‘elevation of a dam on uncemented shale — 


ig 


_ checked for a period of years against a datum well removed from the influence © 
of the dam, and settlement of the dam were checked against the expected 
settlement as computed. from consolidation tests, there would be an indication 
.* to whether movement other than compaction were taking place in the shale. 2 
_ It is known that artesian aquifers will expand when subject to artesian 
— and contract when that pressure is removed, but there is practically o 
no information as to whether dams underlain by an artesian aquifer are = igh 
to appreciable movement. ontinued observations on dams, such 


- Conchas Dam, which rest upon an artesian aquifer that will be exposed to the 


fluctuating head of a flood control reservoir, should give valuable information. 
ria it would be necessary to refer the observations to a datum well down stream 
of Dam are typical of those to be with 
sites on the extensive red beds and similar formations. Since the most diffi- — 
cult problems—those ‘concerned with settlement and plastic flow—may occur 
ie. wherever uncemented shales occur, and since such formations are found through- — 4 
out a vast area of the Southwestern, Western, _ Northwestern plains, 


Conchas Dam illustrates some of the most important foundation problems =e 
innumerable dam sites. entl yas done omnis 


= 


_ 
wk 
nd 
il) 
me 
art 
he i 
— 
1a, 
an 
lit 
ate 
ey 
ich 
mt, 
ted 
ais 
ilar 
dg- 
g 
ea 4 
ory a 
‘Si 
ilar 
the 
ex a 
sot 
— 
a 
— 
J 


Jonnson,® Esa. | (by letter). —The geological conditions at Conchas q 
Dam and the major problems resulting from them, are presented in this excel- 
lent p: paper. The author demonstrates the application of geological knowledge 
2 i to foundation and allied engineering problems. Mr. Crosby states (see heading 
“Geology of the Dam Site”) that, in the upper red shale, the percentage of clay 
E _ sizes and voids is higher i in the south abutment than in the north abutment. ie 
This condition was indicated by the initial and incomplete tests run on the 
ea shales from both abutments; but a study of the complete data from all tests a 
run on the shales indicates that the average composition and physical charac acter- 
istics of the red shale in the north and in the south abutments are identical for oy 
alll practical purposes. The average results for voids and density on a total of — 
a 4 samples are presented as Items 1 and 2i in Table = The voidsinallsamples — 
ae "were >completely saturated. The average results of grain size determinations on 
 @ total of fifty-eight samples, with respect to clay sizes, are given in Item 3, __ 
TABLE _4.—CHARACTERISTICS or Rep SHALE 


Percentage of voids 
Density, in pounds per cubic foot x 
_ Clay sizes (percentages)............ 87.04 


the proportions of grain sizes vary considerably from place to place, as do other — 
_ characteristics of the shale. — It is important to note that this variation is not : 
A 7 regular, either horizontally or vertically, but is erratic in all directions. Thus, 
; 2 _ instead of regular zones , layers, or lenses of material having definite character- ss 
Re * istics, the shale consists of irregular interlocked areas of varying characteristics 
a “ which grade into each other without any definite line of demarcation other than — Me zt 
i: The shear and compression values, used and cited by the ‘author a as & bests > 
hee for determining the competency of the red shale, are confined to those obtained — 
: Pa from two and three definite horizons in the south and north abutments, re- 
os spectively. c However, values actually y used in determining the competency of = 
Es the shale were representative of the full vertical and horizontal range of the ~ 4 
shale at the abutments. — In excavating the south anc and north abutments shale 
samples w were taken, in 80 far as construction progress and facilities 2s permitted, — 
_ throughout the red shale exposed at the abutments so that the average charac- 
es teristics could be determined for the full range of the material in question. a 
all, fifty- three shear tests ‘and more than two hundred com compression tests were 
made. In connection with the author’s statement that, “The average 
ras _ strength as s computed from unconfined compression tests on twenty : 2-in. cubes 
: was 266 Ib per : per sq in.” sie ’ (see heading “Practical Problems,” | following Case Mv) 
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it should be pointed out that all shear values entering into the design a 
stability ¢ computations were derived ed from direct shear tests on of 


i In the discussion of problems connected with the red shale Mr. Crosby refers 

tot that part of the dam “resting upon the shale” and the parts of the dam 

, 8 ‘underlain by red shale.” It should be made clear that no part of the aa 4 

Dam is founded directly on shale and that the entire dam is underlain by a Ta 

* strata at depths of from 20 ft to 80 ft below the foundation sandstones. The = . ae 


terminal monoliths founded on the canyon sandstone are underlain by both the 
. upper and lower red shales whereas the central monoliths, founded on ‘pink © -: “a 


7 


ghaly and arte: artesian sandstone, are underlain by only the lower red shale. i 
That some settlement will occur because of the load of the dam and the 
* ff presence of the underlying shales has been an accepted fact since the inception a 

} 4 . Ds of the project. That there may be some differential settlement between those aa 
4 e iy parts of the dam founded on the canyon sandstone and those founded on ie ‘= 4 
a - artesian sandstone has been recognized and provided for in the design of the * é 3 


~ abutment monoliths s. However, it i is doubtful that the settlement differential a ve 
“will approach the 4 in. indicated by the author, whose computation is apparently — an 
based on the omission of the lower red shale from consideration or on the assump-— 


in the canyon being unloaded to a greater ane than those underlying the = s 


(and, therefore, degree of reconsolidation possible in the 
lower red shale under the load imposed by the dam) must be greater in the — oa 7 a 
= area than in the area underlying the canyon walls or abutments. a 
De spemrea the reconsolidation load imposed by the dam on the lower red an 
ie will be much greater under the monoliths between the abutments, 200 to Ee he, 
985 ft high, than under the monoliths, 40 to 95 ft high, on top of the abutments. _ oe fy a 
¥ = It is evident, therefore, that although the total thickness of shale underlying _ ae 
high monoliths is only slightly more than one-third of the total that under- 
Ties the abutments it will unquestionably undergo materially greater recon- a 
‘a 2 solidation. Thus the lower red shale is an important factor because it will tend je 
 toact as an equalizer of settlement between the high and low parts of the dam. a, 4 
aa addition to the construction problems involved in excavating the abut- _ at 


faces in the upper red shale and constructing the abutting monoliths, there 


ie was also the problem of insuring a water-tight joint between the upper red shale Se a = 


be and the adjacent monoliths. This problem arises from the fact that the shale + 
3 _ shrinks appreciably upon exposure to air, with a resultant loss of moisture con- “a 

if tent. This drying and shrinking produces innumerable hair cracks and causes _ 
opening of the old planes of movement (slickensided fracture planes) which 
_ traverse the shale in all directions and frequently are of considerable extent. es 

ee Every effort was made to prevent drying of the shale by spraying it with a 
bituminous sealing compound as soon as possible after exposure. However, 
A experience has: shown that this treatment is not wholly effective and some a a 


| 

— 

1. 

t 

= 
é 

is 

e 

» 

)» = 

is unavoidable. These cracks, especially thos 


waterstops, 


ms 


pumped cold. This material p 


built on this sandstone without 


a 
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combats of old fracture planes, are more or less inter-connected and ptovids 7 


which would remain mo and have the he ability to come and go 
2 with any movement between the abutments and abutting monoliths. Three 
ee vertical sealing wells were installed, therefore, along and astraddle of each 
i abutment joint. They were 15 in. in diameter, the two outside wells at each 
_ abutment being filled with an internal set-up bituminous material whereas the 
enter. well was filled with a mixture of sand and bentonite. 
Ee abutment the vertical joint between the shale and concrete, as well as the shale 
ee - itself, was grouted with an internal set bituminous material that was mixed and — 


= “possible path of leakage around the abutments. In addition to the shale prob- 
_ lem there was also the possibility that some differential settlement would oceur 
‘between the abutments and the abutting monoliths and that shrinkage in the — 
seer of the abutting monoliths would tend to open the abutment joints, 


grou 


a on curtain along the heel of the dam is 
artesian pressure is and (2) without artificial drainage of the artesian 
aquifer at the dam, in the of a natural outlet, the artesian 


ossesses the property of setting up internally, — 
im several hours after mixing and injecting, to produce a plastic rubbery product. — 
‘The shale was grouted with bitumen after the abutting monolith was con-— q 
es structed, the grout being injected by means of a system of piping embedded i in . 
the abutting monoliths during construction. Provision has been made for 

similar grouting at the north abutment should it become necessary. 


discussing the problems of the artesian sandstone upon which most of the 
a high monoliths between the abutments are founded and which underlies the __ 
yl remainder of the dam at varying depths, the author states: “If the dam were 


t curtain and without drainage, the base — 


‘ _ would be subject to uplift pressure decreasing from the heel to the toe ** ” 
‘ _ (see heading ‘‘Practical Problems of the Artesian Sandstone and the Pink Shaly = 
a 4 Sandstone”). This statement is obviously true of any gravity dam regardless 4 
as _ of the kind and type of foundation material, unless the foundation materials 
: were absolutely impermeable. The presence in the foundation of an artesian — ; 
. 5 _ sandstone which outcrops or has intakes within the reservoir does give rise to 
= an unusual uplift problem. With geological conditions, those of 


wholly inefiieetive so far as uplite due to 


equal to the head level and foundation level. To 
4 relieve artesian uplift throughout the foundation area sixty-six 8-in. drain holes ~ 
were drilled into the foundation, as mentioned by the author, at approximately 
oS 15-ft centers along the center line of the operating gallery, which is situated — 
approximately 50 ft down stream of the grout curtain at the heel. . These holes — 
ae penetrate the upper artesian sandstone to within 2 to 5 ft of the underlying | 
lower red shale. These drain holes and an inter-connecting tile and gravel 
a8 drain laid upon the foundation will also serve to dispose of reservoir water — = 


Se passing the grout curtain at the heel of the dam, and will reduce uplift pressure — 


At the south — 
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AS meters, plumb-bobs, underground bench-marks, and triangulation stations are 


‘That artesian aquifers are compressible and elastic to to varying 
~ dependent on the | kind of rock or material comprising the aquifer, is ee 
- and generally accepted by authorities on ground water.? However, the nature. 4 
_ of this phenomenon is such that any expansion or contraction, due to — 
% - tions in the artesian head resulting from variations in pool lev level i in the artesian # 
& sandstone underlying Conchas Dam, should be fairly uniform : throughout the 
area ofthedam. The drainage system previously discussed will also be instru- 
vy mental in reducing (if ‘it does not wholly prevent) any tendency of the artesian i 
. a aquifer to expand or contract by maintaining the artesian. pressure under the Pl eae 
dam ata uniform head. edt so tottabayol ec sad - 
ey In addition to the grout curtain which is continuous from the southeast od 
end of the South Wing Dam, through the Main Dam, to the north end of the ; 
_ North Wing Dam, there was an extensive program of consolidation grouting in 
‘the canyon sandstone abutments. In this program every joint or crack of any a 
appreciable size, - exposed in the foundations or abutments, was cleaned out by ie 
e _ washing and tapped with pipes to permit consolidation grouting after sufficient ee. 

- concrete or fill had been placed to permit the use of effective grouting pressures. hen 
Consolidation grouting was performed, whenever possible, i in advance of -_ 
drilling and grouting of the grout curtain, in order that the cores obtained from 

the holes of the grout curtain might serve as a check on the effectiveness of the | 
grouting. addition to the consolidation grouting at the south abutment 
= _ the vertical face of the canyon sandstone receives a protective coating of gunite og 
fora distance of f approximately 125 ft up stream from the d dam. _ ‘This i is the or 
only : area adjacent to the dam where the highly canyon sandstone 
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and the path of any possible seepage is lengthened in a somewhat unusual — 
‘ _ manner by virtue of extensive impervious back-fills. These back-fills extend y 
£3 approximately 160 ft up stream along the ‘abutments from the dam and are _ 
oy themselves protected by pervious and rock-fill blankets§ $= 
In addition to ‘past investigations of foundation ‘conditions and allied 
problems, extensive preparations are being made to investigate: (1) ‘The rate 
be and distribution, as well as the ultimate future, of foundation settlement; (2) ae 
oo the quantitative effects of compressibility and elasticity of the artesian aquifer tak 
under operating conditions; (8) the deflection and tilting that will, occur, and 
_Telation to settlement; and (4), the effect of a full reservoir on artesian and a Wy 
ground-water conditions, To this end special equipment consisting of ‘tilt- 


canyon and the t upper red shale, are e protected from 


installed in the Main Dam, and observations are made of artesian head at ‘ 
Various core holes. The physical characteristics of the lower red shale are in- 
ah vestigated by means of virgin samples obtained from several 8-in. drain holes 
which are extended into it. _ An extensive program of differential leveling and i 
_ observing reference points set at the heel and toe of the various monoliths has — , 
conducted continuously from October, 1937, to order to ig 
obtain foundation settlement data during construction. = = 


and Hlasticity of Artesian Aquifers,” by O. 


Geology, Vol. 28, No. 8, May, 1938, 
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_ CROSBY ON ENGINEERING GEOLOGY 
In this on writer wishes to the fact that the 
difficulties and problems at Conchas Dam due to geological conditions were 7 


ae _ clearly recognized from the inception of the project and have been met by the 


the period of initial Cc. B. Theis, Associate 


_ Geological Survey, Ground Water Division; W. M. aan, Associate Geologist, sc 


writer has served as » Foundation Engineer o on n the project 4 since nce November, 1936. 
Trvine B. Crossr,”° ArriuiaTE, Am. Soc. C. E. (by letter) . Johnson. 
ert has presented s some additional data on the geological and foundation problem 
co at Conchas Dam. He states that the conclusion that the percentage of voids __ 
a was higher i in | the south abutment than in the north abutment was based upon = % 
e tests and that the complete data later available indicate 
that the physical characteristics of the shale in the south and north abutments 
are practically identical. However, the original tests cited in the paper were » % & 


sa all that were available after investigation of the foundations had been “a 


; _ The writer stated, as information from official sources, that the pets. bs 


eA shearing ——s the red shale was determined from compression tests | on 


eter. __ Since it is known that direct shear tests. 


* pression tests, the writer did not suppose that the results of the compression : 
_ tests would be discarded at a late date in favor of results obtained by a less 4 
peliable method. The most accurate method of determining the shearing 
-Tesistance of this shale would be by the triaxial compression tests. 4 
; ei In ‘Tegard to possible settlement of that part of the dam underlain by red 
i, ‘settlement under extreme conditions would be about 4 in. after a period as 
years. Mr. Johnson states: “However, it is doubtful that the settlement 
differential will approach the 4 in. indicated by the author, whose computation _ 
is apparently based on the omission of the lower red shale from Mer 9 4 
ted 


but the is extremely complicated. Certain facts essen-— 
tial for a rigorous solution were obtainable, and simplification of the 
sal The formations at the dam site were laid down as flat beds in water and were q 


on on top of the upper red shale. The lower red shale was buried approximately | 4 


; 150 ft — and had 1 400 ft of sediment on top of it. Therefore, other paces 
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- upper red shale on the north abutment, reducing the load by 98% and allowing _ 
_ expansion of the shale . The dam on the north abutment will restore approxi- 


8% of this load and will cause some of the shale. In 


was oxim 
some “restraining effect. ing had 
_ preciably, it should have uplifted she shy eo with a tendency to open cracks 
in it. . The fact that the sandstone contains | water under artesian pressure 
indicates that the cracks have not been opened appreciably. Therefore, the 
amount of expansion and, consequently, the amount of possible recompaction 
of the lower red shale is uncertain. Since this shale is less than half as thick as — 
s “the upper red shale, the possible settlement due to compaction on of the lowerred 
ies is less. Since undisturbed samples of the lower red shale were not avail- — 
- able and, therefore, since it was impossible to estimate the compaction of this = 
given load from a consolidation test, it was not possible to 


the settlement which might be caused by placing the dam on overlying 


was however, to estimate the effects of the worst possible condi- 
- tions and, therefore, an estimate was made from consolidation tests of =e 
mum possible settlement due to Fecompaction of the upper red shale from the ne 

Toad of the dam. The possible equalizing effect of differential 


cannot be evaluated. 
value, probably considerably greater than occur, as was stated i in the 
he { writer’s report, but that if the dam could be designed to meet this extreme ie ey 
‘ _ condition it would be safe in any case. Since the dam could be designed to 
* meet these extreme conditions without difficulty, this was done. . An attempt . 
- to evaluate the ‘uncertain effects of the lower red shale would not have made rhe ee 
_ the dam any safer or have resulted in any importanteconomy. = = 


Mr. Johnson discusses the compressibility and elasticity of artesian aquifers 


without that these been covered in the paper and that 


; monoliths is described in some detail by Mr. Johnson who thus supplements the i - 
paper on that subject r referred to by the writer.’ Mr. Johnson also gives addi- __ iN 


; 


ae tional information about the gt grouting program which was . completed subsequent 
ie : the presentation of the paper. He also describes the most recent provisions — 
made to study foundation settlement, thus brings ‘Up to date (1939) the 
ind 
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LATERAL § SPILLWAY CHANNELS 
Tuomas R. CAMP,? AM 
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Discussion BY Messrs. W. E. Lewis V. CARPENTER AND 


JOHN K. VENNARD AND FENNER H. Knapp, ‘Came 


is used in this paper to designate an an 


throughout its length, laterally from one. 


one end. When used for reservoir spillways, th these e channels are some- 
4 


times referred to as “side channel spillways.’ ” On a smaller scale they ae q : 


found in all water and sewage treatment plants, The best known example is" 


‘‘wash-water gutter” of rapid filter plants. Other examples are main 
wash gutter or “gullet” ofa rapid filter, effluent flumes or “launders” of settling 


channel” is used hi herein in order to. avoid confusion with ‘ “side weirs,” with © 


which the flow is in the reverse direction or from the channel over the weir. Bd 


of constant width which receive their inflow uniformly throughout their length. — 


egular shape. A term is included to account for friction, and the equations at 


in design. - Some experimental measurements are presented for the purpose 


f verifying the theory, and establishing the approximate value « of the friction — 


b di d treat 1 
or channels used in water and sewage treatment pla ants. 


number of attempts have been made t to develop equations for the flow in 
wash- -water gutters. Some of these equations were semi-rational, containing 


arbitrary coefficients. failed ‘to account a 


Nors.—Published in 1939, Proceedings, = 
hte Prof. of San. Eng., ! Mass. Inst. Tech., Cambridge, Mass. _ 


basins, and the underdrains of trickling filters. The term “lateral spillway 


_ In this paper, equations for the water-surface profile are derived for channels 4 
‘The equations hold for both level. and. sloping inverts and for bottoms of any e 


put i in simple form and are accompanied by a graph to facilitate their 
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than the velocity head, even if friction is neglected: Je 


Julian Hinds,? M. Am. Soe. C. E., in working with spillways for dar a 
probably the first to make a substantially correct statement of the fundamental © 
‘ differential equation for the water-surface profile of lateral spillway channels. 
Mr. Hinds’ theory is based upon the momentum m principle. _ The differential 
- equation is for the case in which the increment of inflow per unit of wee 
% ‘length i is constant; and it is applicable to channels of any shape. The momen- 


tum of the inflowing water and friction in the channel are neglected in Mr. 
‘Binds’ equation. It is not readily integrable for the general case, and solutions ee 
are obtained by successive approximations dealing with short lengths of the 3 
channel. Friction losses are computed separately. 
_ -Mr. Hinds’ differential equation was amended by Mr. ‘Henry Favre® to 
2 d include a friction term and to account f for a . component of inflow velocity i in the ee 
direction of the a axis of the channel. Mr. Favre integrated the equ: equation for 
short lengths of the channel in which average values of the cross-sectional area _ 
and hydraulic radius could be used without introducing appreciable error. ee 
Solutions by means of Mr. Favre’s equation require successive approximations | 
: with short channel lengths, as is the case with Mr. Hinds’ equation, but the - 
computations are probably e expedited because, of the in the ‘equation 
_ For channels of variable or irregular shape, such as are a EN for ey 


economical design of dam spillways, a general | solution probably ne necessitates 
the use of the Hinds or the Favre method. . In water and s sewage i 


. _ plants, however, lateral spillway channels are usually of constant width, with 
inverts having no slope, or constant slope. For such structures a 
e 3 tion of the equations and methods is both possible and desirable. weds Tk 
The differential equation developed in this paper is identical with that: used 
ae by Mr. F avre, except that the friction term includes the well- ‘known Weisbach- 4 
Darcy friction factor. “Because of the » simplicity o of the channel shapes 
7 sidered, it is possible to integrate the equation approximately so that it may 


Mf be used for the entire channel without serious error. For accurate s solutions e° a. Pa 


and for the determination of several points on the water-surface cu curve, suc- = 


— 


a a steady state, the flow of water in a lateral spillway channel is not Bind, 
es non-uniform but is complicated by the fact that both velocity and discharge _ 
m increase from zero at the up-stream end to maximum values at the down-stream ie. 
end. In the following development, a constant increment of discharge ae 
assumed per unit length of channel, and the momentum of the inflow i 
a neglected. . Fora changing velocity, the momentum principle states that the 
: accelerating force is equal to the time rate of change of linear momentum; ~ 
that is, to the mass of water flowing times the acceleration ane yond: mail 


Am. Soe. C. E:, Vol. 80 (1928), p. 885. 
News-Record, October 25, 1934, p. 520. 
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Fora a rectangular flume of width b (Fig. 1), consider two 
sections at Sections m and. n, a distance Az apart. momentum at Section 


‘in which Q = the discharge at Section m= qz;q= the constant ineremant 


Ww per unit length of of flume; w = the unit Weight of of water; = the 


hikes 


an bia the Of the mean mean 

velocity at Section m. momentum at Section n for the mass persecond is 


ond lo tag 
AV +qAx(V av): 3 
= or, neglecting the product z AV and expressing Equation @ in terms eo 

aM _ aM dz dM 


Equation (5) gives the time rate of change of at 
ae. aac for the mass of water. flowing per second. This is equal to the net ; 
a: ore in the direction of z producing the change. The net force in the direction — _ 
ofz acting upon the volume of water between Sections m and n is the dif 
Terence between the static pressures less the friction force. The static pressure 
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a, 


in the slope of the bottom. ‘tT he horizontal component of 


The net static pressure on the water prism mn is the summation of Equations — had 


Pa — Pa + = =wbd 


It will be noted that the slope of the bottom has 1 no upon the value of 
= the net pressure. It may be shown also that a acs oats width b has no influence eis = 
on the value of this force. bb 


in which F = the frictional iene: per unit area of channel wall, and R = the 
radius at Section m. The water head on the area 
corresponding to the friction Pri is: 


and the Weisbach- this head i is ine given ven by 
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d 
ut 
ir Equation a7): is a for any shape of channel, ‘and it is s identical with the 


Hinds equation except for the friction term. ont 
pa In order to integrate Equation (17) it is convenient to express the: velocity, re 
discharge and d y, in terms of of the channel. 


is purpose, V = wl (since y= HAot+Sz d), 
Ss - dd Substituting these | in a7) and simplifying, 
terms on the left side of of Equation (1 (19) and 
partially integrated equation is as follows: iat 


= 0,d = Ho from whieh... io Vi = 


ai = 


In the term including S in Equation (20) the expression under the integral i is 
_ equal to the area in the distance x between the water-surface curve and the — 


bottom. This area equals zd, in which d = the average depth throughout the 
q distance An approximate integration of the fr riction term may also be had 
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= the average hydraulic radius throughout the 
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tion (22) becomes iit od yaar 


Equation (23) may be used to solve for the value. of H. 0 if the tine of dat 
any point in the channel is known or fixed. The solution requires, however, 
s that the average values of R and d throughout the length considered be assumed : 
for substitution in the equation. If the invert is level and the friction loss is oh 
.e small, the last two terms may be omitted. For an accurate solution of the value __ 
Me of Hy, after the first approximation is made, the equation must be solved for d Me ‘ 
at several points along the channel in order to check the assumed values of _ 
_ Adjustments are then made by trial and error. 
Equation (22) is a cubical equation in terms of d, and its solution for d i is 
simplified: if the is in dimensionless as follows; 
Hof = g 
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e solution of for >= graphically from 
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For most of “the lateral used in water and sewage 
‘plants, ‘the — at the lower end of the channel will be fixed at ‘upper stage aie 


“Dappe and to the existence of appreciable vertical acceleration in this — a 

The region will extend for a distance three or four times the depth up stream 
; i from the lower end. For the design of freely discharging flumes, a close ap- 

proximation to actual conditions will be obtained i if a hydrostatic control section — 

a assumed to exist at a distance up stream from the end equal to three or four 
’ +3 times the critical depth. Since the value of the critical depth for a rectangular — 
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of the will , illustrated in Fig. 1 
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Equation (23) may | be written in terms of the as 
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ave values 


a souley bamswer old rot 
value of B, in Equation (30) was « obtained by, combining Equations (26) 
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5 Equation (25) by setting the derivative of B with respect to ii, equal to zero and a | 
for A. is of = for various values of B, or A, are shown on the 
ULAR 


= The were developed for cross-sections, 
are also to channels with other if the depth at 
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any! is as the 
demonstrated by consideration of Fig, 3 which shows a metonanien, a i “ey 


- nda semi-circular bottom. — Ih all three cases, since the cross-sectional area aid 


in which ho = the depth to the center of ‘gravity of the cross- -section. The ; 7 


value of ho, however, is not the same for the three cases. Sil dom 


The of Pm 0 P, are the same as tiie given aby (6) and (7) 

except that each contains the additional term The ‘difference in pres- 


sures, therefore, is the same as for the rectangular flume and is given by Equa- 


In this case, as in the case of the V-shaped bottom, the second term in ‘the 
+s - equation for P cancels when P, is subtracted from P,»; and the net static pres- 
sureisgiven by Equation (9). 
‘The critical depth is the same for any shape of bottom and is given by Equa- 
tion (28), in which d, is the average at the cross-section, 
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LATERAL SPILLWAY CHANNELS 


EXPERIMENTAL EVALUATION oF Friction Fact 


which are sufficiently complete ‘and rable 
for ‘the evaluation the friction factor are difficult to obtain. Since the 
3 theory is premised u upon the assumption of a constant increment of inflow, it is 
s that the weir or weirs at the top of the flume walls be level. — More. 


_ over, because of 1 the turbulence i in t the flume, an accurate measurement of the 


act the effect of the errors in the measurement of the adil of the water — 
, = the draw-down should be relatively | great, and depth measurements 


should be made a at three or more stations along the flume. The effects on ns 


Zz (both of which are of considerable importance for dam spillways), 4 
ns negligible for the smaller channels used in water and s sewage plants. ‘The 
momentum of inflow results in increased friction factors due to increased — 
‘The best set of experimental measurements available to » the writer was —s 
upon one of the wash-water gutters at the Springwells Water Pughcoten i: 
Smee Plant, City of Detroit, Mich., . in 1931.4 This gutter is 2 ft wide with weirs 
40.25 ft long. - Itis of cast iron with a semi-circular bottom and an invert slope a a 
“a3 25 in. to the foot. Measurements of the water surface and of the weir crest 
on both sides were made at intervals of 5 ‘ft along the length of the flume. — 
_ The e maximum difference in elevation of the weirs at any two points s was about 
me” 01 ft, which corresponds with a maximum variation in q of about a * s 
4 Three runs were made at discharge rates of 10.91, 9.05, and 7.14 
— respectively. The water surface for the two larger discharge rates ~~ 3 
ass above the semi- circular bottom, ‘so that 6 was constant along the flume. The 
friction’ factor was evaluated by means of Equation (23) at 0.055 for both ot 
= these runs. Fig. 4, with Table 1, shows the relative position of the moana 
= water surface and of the } profile computed by means of Equation (25) and Fig. > | 7 
Fig. 5, with Table 1, shows the measured and computed water surface 
for the central concrete gullets of one of the filters at each of the two 
water purification plants at Cleveland, Ohio. The measurements at the 
Division Avenue Plant were made in 1920, ‘and at the Baldwin Filtration Plant — 
in 1928, both sets being under the direction of G. W. Hamlin, M. Am. Soc. C. E. be . 
_ The values of f (0.10 and 0.11) obtained by these measurements on two different — 2 


* gutters of similar size tend to substantiate the reliability of both sets of mea- aft 
: a surements. The inflow to main gutters is at intervals along the length and not 


continuous, as called for by the theory. Notwithstanding | this fact, these 


_ ‘measurements indicate that the theory may be used with success for gullets i = 
which the points of inflow are not too widely separated. = = 
_ Measurements of the water surface at two points | were also made in wisi 
_ gutters for the same runs. These gutters have weir lengths of about 15 ft at + 
i plants. The computations for f in the lateral gutter at Division Avenue 
‘Fesulted ina value, doubtless due to the fact weirs were about 
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0.03 ft at the down-tiream. then at the upper end. The vale 
of f for the lateral gutter at the Baldwin | Plant was approximately 0.02 for a 
a me of 4.42 cu ft per oe. _ This value is probably unreliable because it is 
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1 -— OPERATING Data, Tzsts ON LATERAL SPILLWAY CHANNELS 


Test 


j Cleveland, Ohio, ISAT 
~ Division Avenue Plant 
Baldwin Filtration Plant 
Massachusetts Institute of Technology: 
_ Experimental Lateral Spillway annel . 
= 


* Semi-circular bottom. 
irs: 

based. upon on 
7 
of the weirs was notobserved. 


on a lateral spillway channel at the 


: 


ly two measured depths along the ‘the 


7 
N 
a 
— ff 
i — 
— 
Q,in' | flow. | Friction | Width, 
..| 1.237 | 0.0618 | 0.033 | 0.75 
at _ Massachusetts Institute of Technology under the direction of the wriver — 


This is with rectangular cross-section, 9i in. wide, and with a 
ee bottom. The inflow is from one side over a weir 20 ft long. | Fig. 6 & 


the results of one of the most r reliable runs on this made by 1 
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: | gh head on the weir was approximately 0.07 ft and the nappe fell freely. Fae i 
The computed value of, me for this run was 0. 033. 

7 The writer is indebted to Mr. Hinds for the « development of the basic dif- 

: ferential equation which has been used in this paper. The experimental data 

the Filter in Detroit were furnished 1 through the 


Kass! 5 variation in level ‘of the var em about 0. .001 ft. 


Hamlin. The writer also wishes to ‘acknowledge the of a 
number of his students who made experimental investigations of flow “aaa 


Logs of Head in Lateral Spillway Channels,” by E. A. Kass; presented to Massachusetts 
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WOE. How.anp, Assoc. M. Am. Soc. C. (by letter) —The 
Nee aaa data . quoted i in this paper clearly establish the validity of the basic 


differential equation used and the rational methods developed appear to Rs 
Ee) _ the writer to be of ‘great value i in analyzing, completely, the behavior of lateral a 


spillway channels. fr Because the integrated equations require adjustment by 
ae a trial and error methods the writer has investigated the use of similar methods 3 


bas 


_Equation (17) may be rewritten as follows: ajaoku ta aid 


ee ie which, in addition to the notation of the paper, A = area of cross-section of 

channel stream; otherwise symbols are those of the author. Equation 


dy + 


or, in words: The drop i in the water surface between two seit a aun PY, 


f 


_ twice the product « of the (average) velocity head in this length and the propre 
tional change in area between the two sections, Plus: the allowance for 
head Toss i in a this length between these sections. 


Joe 
3 
4 


differentials that “appear in equation as actual assumed or “calculated 


“cutting and trying in applying Equation (41). progressively number 

i, ae short sections of the channel, by the usual step method of calculation, has been ’. 

found to be troublesome; nevertheless the equation be useful | as 

= Calculations indicate that the first term to the right of of the equation : signis 

= ah predominant importance i in n estimating the value of Ay (the vertical drop d- & 

Thus, if the elevation of the water surface 

os ik at the down-stream end of the channel is known, as well as the flows, the 
velocity head may be computed. Then the water-surface elevation at Ban Be 
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Se _ along the channel might be to divide its entire length into a number of smaller a “ 
a 
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ese 
velocity heads higher than the down-stream water surface. This may 

> oom by a consideration of actual data in Table 2, obtained from the paper. ae 
rol gaivios bak sotinupd to aaeem yd wolsd enotiogs to 


‘bie g te Wo te (Units Are in Feet) ai okpatig etout 
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from Observed velocity head 


> 


Detroit, 


Experimental Channel. . | 0.58 20 | | 76 


: 


* Two velocity heads added to down-stream water-surface elevation. 
hee same principle may be used in the reverse direction; that is, assuming 


the elevation at the of elevation at the lower end 


Wwe 


_ Upper: end, in the Detroit plant tests, one obtains, i in Run No. 1, d = 1.04 ft ae 


and i in Ren No. 2, d = 0.87 ft. ba, 
_ In the other experiments Equation (42) results in no real roots owing to the = - 


errors in the theory Table 2; a slight readjustment of 


Me 


an 
i in re water surface between the up-stream e end of the channel and any other 
-—point is ‘twice the velocity head at that point—will probably be satisfactory for ~ 
es most practical purposes. They also serve as a basis for a more exact method Ss a. 
the analysis of the channels of this study wr writer proposes the 
Laboratory Study to Obtain f.—tIn a laboratory study to obtain from mea- 
Ba surements of t the elevation of the water surface in the channel at a number of 


points (such as are indicated by, ‘Professor Camp) ‘determine depths, 


“4 


te and other dependent calculable . values i in Equation (41) and then com 

“pute f therefrom for each separate length of channel. No hat “outs” and “trys” 

Exact Analysis.—In a an exact analysis of a design, compute the water- urface 
| evations and depths at a number of sections along the channel by means of the i 


an 


= 

& 
— 

— 
— 

— 
=a 
Knowing Hp, S, z, g, and g, one may solve Equation (42) ford. Usingthis 
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as two velocity heads (If the elevation at this section is assumed 

= step would not be} necessary.) Then establish a approximate depths at a number — 
i of sections below by means of Equation (42), assuming z and solving for d by a 
trial or, if f it is preferred, assuming: and solving for z. The latter procedure 

4 c is more simple because it involves a quadratic instead of a cubic and does not 

require a cut and try solution. In Equation (42) all other quantities would be ; 


* known, of course. Use this approximate water surface to compute the second 


which the channel has: been divided (that i is, the lengths between sections at 
which depths have been computed). Add, algebraically, both sets of “minor” 

that i is, ob Ves 
add this to the estimate of (thai, is, to 2 to obtain the more 


exact dif difference between water surfaces at the extremities f the channel. 


197 f Vet 


entire process process be repeated to still greater prec precision starting 


o = with the newly determined water depths from Equation (43); but, since it ap- 
pears (from Table 2) | that very close e approximations to the water surface were 


with the first crude or simple approximation there is good reason to 


the procedure would yield satisfactory precision without 


| 
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with measurements and with the results of ae exact and elaborate methods — a 4 
of analysis. Apparently the reason is that these terms are of small value and is 
_ tend to compensate each other. As given | in Equation (41), the second term 
on | the right side is , predominately negative and the third is always positive. ‘el 
The second term would disappear absolutely if the bottom of the channel were a : 
parallel to the water surface, a condition which i is approximated with inclined a 
channels. This term becomes of greater importance as the channel is made 4 EA 
- more level, in which case it may more than compensate for the effect of friction - 
the last two tests in Table From the data given the friction term, 
itself, appears to be of very small importance, amounting to about 8% of the _ ; 3 
first term, in the first experiment quoted. kpraten eee 
‘This study calls attention | to the very considerable | loss of energy which 
occurs in these channels. due, | not to friction, but to the impact of the slow a 
moving, and fast moving, water. It suggests that an increase in capacity 
might result from the use of devices to deflect the incoming water it into the 
= direction of the main stream before it enters the stream. The writer would — = 


like” to see the simple device one 
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CARPENTER, VENNARD, AND WHITLEY ON SPILLWAY CHANNELS —— 


direction (see Fig. 1). vanes extend from the crests of the weirs 


appears to be possible, to increase the ¢ capacity of a 
as much as 50% by such energy- 
saving devices. Although the use | 
such might not beeconom- | 
 jeal in an original design, it might 
be helpful in increasing the capacity | 
3 of old channels that have proved to © 
a Tosummarize: This study clearly tin acd 
establishes the validity of the basic aAT 
writer suggests the use of the approx- dt 40 03 
Re imation—change in water-surface elevation in lateral spillway channels equals ES 
twice the difference in velocity heads between corresponding sections. gel 
spniimatidad may be used to advantage | » both for preliminary designs and also g ie 
as the basis for exact analyses. _ Furthermore, the study « emphasizes the great mee: 
aH loss of energy gy that occurs from impact in these channels and suggests the 


treated in this paper has long been a vexing one for designers of certain types a a 
of sanitary engineering structures. The author is to be commended for the a ‘ 


r completeness of his solution. He has taken the well-known Hinds* analysis . 4 


and adapted the equations 80 , that they are available for the design « of each 
Ra appurtenances as s wash-water gutters and trickling filter collection troughs. 
The Weisbach-Darcy friction factor that Professor Camp uses in hie 
a | wt mathematical analysis of flo flow i is well known. _ As this friction factor is used My 
a phenomena that occur throughout the length of the channel. Resistance to — a 
— flow in a lateral spillway channel comes from two » fundamentally different = 
sources: (1) That of skin friction at sides and bottom of the channel (which ta ig 
sure usually determines the size of f); and (2) that resulting from the inter- 
ference of liquid entering the ¢ channel normal to its axis. | Undoubtedly the — 
e latter e effect is the predominant one in determining the size of the friction — 
factor in lateral spillway channels . This fact is borne out by the trend in pee 


_ friction factors shown in Table 1 in which a channel having inflow over tl the a 
entire length of only one | side (M.I.T. tests) and having thus a a minimum — a 
interference has the lowest friction factor (0.033). Where inflow is distributed ae q ? 
Ch). over the entire length of the channel but | enters from both sides (Detroit tests) - a 
ay greater interference is produced and a greater friction factor (0.055) results. 


_ Where there is a concentrated inflow from lateral gutters (Cleveland tests) a 


—* Asst. Prof., Fluid Mechanics, Coll. of Eng., New York Univ., New York, N. 


=) -'Prof., San. Eng., Coll. of Eng., New York Univ., New York, N. Y. 

-*Instr., San, Eng., Coll. of Bng., New York — York, N. ¥. 
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and results: in a still higher friction. 
10-0.11). Although the friction factor data in Table 1% are meager, ‘they 
_—_ indicate the effects of various types of inflow upon this factor, and thus provide ~ 52 
he =. a guide for the designer in the assumption of a friction factor for a given design. oy 
=, ah It would be helpful in the selection of values of f if the author could present ab 
- more data showing - the variation | of the friction factor with a variation in the a 
Professor Camp’s assumption (see heading ‘Critical Depth’’), that ‘ ‘For 
an most ¢ of the lateral spillway channels used in water and | sewage plants, the — 
<2 depth at the lower end of the channel will be fixed at upper stage by the A © 
ae hydraulic conditions in the conduit down stream, or the flume will discharge o- 
; oe a freely, ” is correct. The further "assumption that in the design of fr freely dis- — 


charging hydrostatic control section exists at a distance up stream 


Assume that in a rapid sand filter the lateral wash-water gutters are spaced . 


BP per sec per ft length of gutter, w with one-half of the w: water coming in on each 


x 
= 6 ft, center to center, and that they discharge freely. A vertical rise of 36 in. 4 4 z 

min is used when washing the filter. The increment q will be 0. 3 cu ft 


a TABLE 3. 3.—EFFECT OF ASSUMING THAT THE HyprostaTic ConTRoL SECTION 


Is Up SrreaM FROM OUTLET aT A Distance 370 ¥ 


Depth, de, 3 X de if X de, 
in feet in feet 


PERCENTAGE or ToraL 
Norm 


“Flow, Q, 


Width, b, 
in inches 


o7 


Hydrostatic control up stream 


a However, if if the more typical lateral wash-water soar is s considered, in w hich 
ie ey the water is coming in both sides in equal increments, for a “40-ft channel, * 
2 ft wide, between 7.8% and 10.4% of the wash water has not entered 
“gutter at the control. two plants illustrated are among the. plants 


Ting 
ors 


| 
— 
i 
— 
a a Bs: Equation (28). In Table 3 the location of the hydrostatic control is calculated _ 
7 x ven for lengths of 10, 20, and 40 ft and a breadth of gutter equal to 12, 15,18, ip 
24 in., using the author's assumption. In the gutters at the Cleveland 


—— 


in the United States. Many plants have lateral ft ¢ or 
Mess i in length. If 1 = 10 ft and 6 = 12 in., with g = 0.3 cu ft per see per foot es 
of gutter, the quantity of water entering after the control is between 19.5 and gen 
26.0 per cent. _ The greater the length for a given increment of flow, and the © an 
danger the value of 6, the more nearly correct is the author’ 8 assumption. — 
Naturally, the greater the rate of washing, the greater will be the value of d,. ‘s 
- Although the author’s assumption is fundamentally unsound, it provides Se : 
“means for calculating an artificial but ‘Teliable starting point for 
Pe the foregoing facts and a simplification of Equation (29), dein 
may be a less but easier, method than tha 


ww 3 
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29 becomes ‘ 


there appears to be no reason y this cannot for 
the usual channel, since physically it implies giving the channel slope enough x 
to compensate for the assumed friction. From Equation (44) there results a 
3 unique and simple relation between S and F which | permits the designer to 
observe the effect of the assumed upon the of ‘tie 


forte = rr 08.5 


wih 


oy 
ay 
‘et; 


dois (FA) 


which ai are ‘approximate, but permissible when the uncertainty in the 


A of fi is considered. _ Insertion of these values in Equation (46) results in Beinspor: " 


Which, with Equation (45), the critical-depth formula, Equation (28), 
allows quick calculation of the principal dimensions of the spillway channel. 
— ke _ Equations (45), (48), and (28) may be used by the designer to give values — 
for the size of lateral wash-water troughs ° which, while “approximate, are — 
» the design of a system of wash-water troughs it is first ‘necessary to 
assume a layout (as dictated by practice) and then investigate that particular ‘ 
Mayout. For any spacing of gutters there are an infinite 
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of § gutter which can be aed, but exp experience has shown that the wash-water 


cla should not occupy more than one-third of the surface area. The appli- a 
_ eability of Equations (45), (48), and (28) to design is given in the following 


wash-water troughs are 20 ft long, spaced 6 ft on centers, and designed 
a to carry a wash-water rate of 36 in. vertical rise per minute. . In the illustrative Rit ae 


TABLE 4 —CoMPARISON 0: OF DATA FOR Two, 


= 


030 | 60 104 | 189 | 0.063 

computations a breadth of 1 12 in. was used, but Table 4 gives results for ‘oe = 
ya breadth of 24 in. also. The inflow, gq, per lineal foot of trough is given by J 


cu ft p per sec; . from Equation (28) 1.04 ft; and, 
= - from Equation (45) He = V3 X 1.04 = 1.80 ft. ‘Substituting in Equation mr: 

a 1 (48), = = 0.063. It is now necessary to assume a value of f. Many more i 
experimental data are necessary before this value can predicted 
but values of f of 0. 03 and -10, from: the he author’ data, will respective 
slopes of 0.0019 and 0.0068. 

‘The foregoing computations are summarized in Table 4, includes 
for comparison the results obtained from the same filter when a a value of 
24 in. is assumed. is interesting to note that the value of for a 
i = 


2. he given value of | b band f varies quite widely. A variation of f from 0.030 to 0. 10° ‘gy 
requires an increase of slope from 0.0019 to 0.0063 for a 12-in. width and from : 
Be; 0.00094 to 0.00312 for a 24-i -in. width. Sd As would be expected from Equation 
(48), for : r all other items constant S varies directly ° with f; that is, the slope 4 
pias required for f = 0.10 for either a 12-in. or a 24-in. width is 3.33 times the 4 
Fea slope required for f = 0. 03. It is granted that these simplifications of the 
“4 
-author’s formula | give only a approximate results; but they are as ‘accurate a8 
: 4 the values of f. There is need for further research to determine the value of | 
ee for short channels, particularly on sho rt wash-water lateral gutters and 


_ Presumably the experimental cl channel at Massachusetts Institute of 
— Technology did not have free outfall according to the surface curve of Fig. g. 6. 
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F, Kwarr, 10 Esq. (by letter) —This p paper, tr 
- spplied hydraulics, should command the interest of all engineers interested in 
: problems involving the flow of water in open channels. The author’s s treatment 
_. of the question is so complete that scarcely any improvement i is possible. The 
same problem is being encountered in the design of tail-races for hydro-electric 


3 plants with laterals connecting the main channel with the turbine pits. Bae al 


hal 
a “down of the water surface i is equal to the velocity head. — Rearranging ie 


2 
it which dQ = q dz. The roughness factor K of Manning’ s formula is ap- 
proximately equal to the reciprocal of Kutter’s “n ; and R is the hydraulic 
ation (49) indicates the causes for the draw-down of the water level— 
namely, ..iction, increase of discharge and change of velocity. A comparison 
ae this formula with the more general expression derived by H. Favre ™ “shows > 
ee that the derivation neglects the component of the velocity of the lateral dis-_ a 
charge parallel to the axis of the flume, as well as the non-uniform velocity 


«i distribution of the flow in the channel... However , only i in exceptional ear “i 
need these factors be taken into account and for this reason (17) i is 


a _ Equation (29) is only valid for the case with critical depth at the ies. oie it 
stream end of the spillway channel. Neglecting, for the moment, Ss 


the comparison with the. rearranged ‘Equation jotos 


Equation (50d) is valid in all cases, the freely discharging flume. 
Pad: The author calls attention to the difference between lateral spillway chan- 


9 nels and side weirs, 

the case of a side weir provided: the is Therefore: 

i; _ This equation is s exactly equal to o the we well-known expression for the computation 


of back-water cu curves. However, there is a fundamental difference between the 
formulas. The condition of in the case of the ‘back-water 


“4 Contribution a I’Etude des Eaux Courants, ” by H. Favre, Editor Rascher 
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q ah and in the case of the side weir: ae 4 
— 
in which A is the cross-sectional area of the canal and AQ is s the discharge 4 
q The model tests conducted by Mr. Favre at the “Laboratoire des Re- 
7 


-cherches- Hydrauliques ‘Annexé a Polytechnique Fédéral de Zurich” 
have shown that the case of tail-race channels for hydro-electric power 
.~ a stations, it becomes necessary to apply Equation (17) neglecting the friction is 
term. This procedure counterbalances, partly, the error due to the velocity 
component of the lateral flow, which is always present. 


The smooth surfaces of the experimental profiles, given by the author, 
represent a most surprising fact. Observations made on lateral spillway 
oe a channels for dams always indicate a very wavy profile, the theoretical surface _ 
the water passing through the centers of these waves. 
— i ‘The author is to be commended for his most interesting, useful, and timely 4 2 
Cart R Ronwzr, 4 Assoc. M. Am. Soc. E. (by letter) — —The applicability 
a3 of the momentum principle to the general ‘solution of the problems arising in ' 
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"principle to the special c: case of the design of wash-water | gutters, with a conse- 
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aman photographs presented by Messrs. Hinds and Favre show that the 
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water-surface profiles. are in ‘reasonably close ‘agreement with the 

' an observed profiles. This fact seems remarkable in view of the assumptions that i 4 

must be made in order to simplify the theoretical analysis. example, 

i ae compute the momentum at any section in the channel, it is necessary to know * 

y = the average velocity of the water at the section. _ It is assumed to be equal to a 

ae the discharge at the section divided by the area. Actually, the velocity i in 1 any fz 

7 ~ ie section may vary through wide limits; some of the velocities may even be Fe 

negative. It is evident, therefore, that the average velocity is greater than the 

_Tnean computed i in this ‘manner. Since the average depth of the water in the 

— channel is used in | computing the velocity, entrained air - which | increases the \ ee. 

indicated depth will tend to increase the difference between the average and 4 

the mean velocity still further. total difference will depend on the depth 

a of water flowing into the channel and on the turbulence produced. aa q : 

( 

t 

ft 


I 

4 
— 
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: “eat are re important | differences between the assumed and observed 


4 
= tion of Friction Factor”) by substituting in Equation (23) the channel depths <a 
ay observed during tests made on several spillways, the author found values rang- a3 ZA 

jing from 0.033 to 0.11; and, in one case the value of “‘f” was negative. oh a ‘ 
“% wide range in the frietion factors leads the writer to believe that part of the bs 
ie variation is due to the fact that the formula does not agree precisely with the | 7 


_ experimental data and that, in effect, the friction factor becomes a ‘coefficient | +a 


. 4 that takes care of the difference between the observed and computed data al 
The use of a friction factor derived i in this manner in computing the 
for the profiles (Figs. 4, 5, and 6) by substituting in the formulas would tend to — 4 si 
- make the computed results agree more closely with the observed results than - 
the’ ‘accuracy of the formulas warrants. _ In designing a channel for a wash- 
water gutter, it would be necessary to assume a value of and 
- the computed profiles might not agree so closely with those observed in the 
Bove structure - It would have been helpful if the author had included i in this 
” for use by any one having to design a spillway of 
Mind)" obiyorq 19° DHE bo snearelu ga as 


ALLEN THoMas, Esq. (by letter).- .—Professor Camp has 


oe successfully applied the ‘momentum acorn in a the analysis of flow in lateral i 


Fors his method coincide closely with the measured water vamaiaend over a large Bay a 
part of of the length of the channel. It should be emphasized, however, that a ‘Zf 
‘hydraulic theory underlying his analysis does not apply to flow with sharply 
curving stream-lines and, as a consequence, the differential equation (Equation a 


(17) or fails i in the vicinity of the outfall, as she has shown. | In the — 


asthe critical depth in relation tothe outfall. 

_ The author’s statement (see he ading g “Critical Depth”) that “a a close 

Fra to actual conditions will be obtained if a hydrostatic control — x 


ae (is _ section is assumed to exist at a distance up stream from the end equal to three ae 
or four times the critical depth” appears to be somewhat arbitrary. In 


if - working out a number of surface curves it has been found that it may make a 
‘Considerable difference whether the “three” or the “four” in the > above quota- 
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arent 
conditions. 
There. may be compensating Iactors, however, which tend to minimize the — 
— 
% 
2 ax 
| 
Fh 
___the differential equation provides a general method of caleulating the profile 
2 
x 
a 
: 
Will remain within these limits under all conditions of flow. The wi 
evidence that clearly indicates a somewhat wider vari 
4 q the position of the effective control section depending upon slope and d % id 
§ *Instr., San. Eng., Graduate School of Engineering, Harvard Univ., Cambrid 


n. ion 
of the effective control se section frequently obscures the refinement of introducing Z 
the friction term into the formulas. Consequently, in the absence of more — 

- _ complete: experimental information regarding the curve of the water surface — 
near the outfall, the inclusion of the friction term, in many ¢ cases, is wasted effort. 
aa However, in the design of wash-water troughs there may be some question _ 
; o to the necessity of a complete, meticulous analysis of the flow. From the s 
a 4 standpoint of the designer, it usually suffices to know what depth of water to ,. 
an expect i in the upper end of the channel under a particular set of conditions, S 
* Iti is seldom necessary in conventional design to compute the entire profile of A. 
oe the water surface. During the past two decades a great many wash-water 
gutters have been designed in accordance with equations giving the depth of _ 
water at the upper end of the channel. In spite of being only semi-rational 
and containing arbitrary coefficients, these formulas do possess the virtue of nk 
seems possible, given the differential equation developed by 
| a the author, that a simple formula might be derived for the depth of water at 
: = upper. end: of the channel (Ho) in terms of the dischar ge, length, width, . 
slope, that would eliminate the necessity for successive approximations, 


we Se well as the element of trial and error, and yet | provide sufficiently precise 


information for purposes of design. bs osper 
wie The foregoing opinion was expressed to the writer by G. M. Fair, M. Am. — 


— Soc. C. E., in the hope that an investigation might reveal a suitable basis of HF 
simplification. Of course, such simplification, to be of any real value, would — 


> 2 - have to yield formulas capable of giving more reliable results than s semi- 

‘Viel a formulas used.in the past. Asa method of approach to the problem, — 
e Professor Fair suggested that the integrals in Equation (20) might be evaluated 4 

Dae’ by replacing d by a second degree function of z. In checking various formulas 
according to this scheme with observed water surfaces i in wash- water 


complicated the formulas it was believed that a 
— compromise between precision and simplicity resulted from the omission of — 
the friction term entirely. Therefore, in the equations that follow, friction _ 

a The success of the analysis according to Professor Fair’s scheme was found 


= a to depend upon the selection of the second degree function of z to be substituted — 
for d in the remaining integral of Equation (20). The function finally ant 

was parabola that adheres rather closely to observed water surfaces. 

a 8 arbitrary constants of the function were so chosen as to cause the parabola 

: = A) “aq to coincide with the actual surface at z = 0 and z = z, and, further, to possess 
_ - slope of S when = 0 as is required by Equation (18). This function of ad 

in terms of z is as follows: bor hab 


0 


= 


in the channel than that suggested by the author. Thus it would appear 
= q ss that, to attain the full degree of precision offered by the author’s method, it a & 
— is necessary to have more exact knowledge o the position of the effective | 
4 
4 I 
I 
d 
| 
| ( 

he 
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"When this is placed i in Equation (20) and it; = the 


3 j ei = ont sod 
and s since d = H» when x = 0, the integrated equation may 


Substituting = z, and d = and solving for Ho, the final formula is 


fren! = 


(a. — 
In comparing ‘Ho given by (86a) with by 
_ measurement of the water surface over & wide variety of slopes and discharges, a ; 
a rather close ‘agreement * was observed. In addition, it was found that the 
_ degree of precision attainable by this formula was not appreciably affected by _ 
taking z, equal to the entire length of the and d, as calculated 
from the entire e discharge b by the formula d, Accordingly, nig 


‘manner that the wash- water does not ‘diacharge from the gutters | to 


hydraulic conditions down stream. ‘Therefore, if the hydraulic control 
; beyond the gutter, —_ use of equations based on free discharge may involve — aye ER 


7 water to expect i in ) the bento end of the wash-water gutter for v various s depths 4 3 
_ inexcess of the critical depth at the lower end of the channel. This depth of 
water (Ho), at the up pper end of the channel, is given by the following formula, 
f Which was derived in the same manner as Equation (56a), for the condition 
= L,d = dz (where d, is or ad at 
end of the channel). 


and for S 


= 0 this reduces to: 
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may be obtained from | Equation (58) by 
= For the pin of the designer the relationship given by Equation ie) 
68) (including the special cases covered by Equations (560), (57), and (59)) 
could be easily expressed inthe formofadiagram. = 
order of agreement obtained using Equations (56b) and (59) with the 
4 method of the author for the various sets of experimental measurements cae 
_ included in his investigation is indicated in Table 5. The comparison is based 
on n the quantity £ Ho + LS, since this represents the actual over-all head i in to# 
‘The average error in Table 5 is 1. 5% and it may be noticed t that the pe es 
discrepancy, occurring in ‘the Division Avenue Plant, is only 3. per cent. 
ay mea = should serve to demonstrate that the mea between the two methods — 


in cubic feet given | feet using Percentage 


n No. i 1.82 


Massachusetts Institute of Technology 

1 hh 1.237 080 


Column (4) — Column (3) 
* * Computed by Equation (56d). + Computed | by Equation (59). 


he (58), and (59) under a wide range of channel slopes and discharges, & : 

= Be ‘s small lateral spillway channel was constructed and tested in the Gordon bid 
Engineering Laboratory of Harvard University, at Cambridge, Mass. 
This channel, made of cypress, was 5 ft 11 in. long and 4 in. wide, with level es 


va 


oA 4 top edges and bottom of adjustable slope. 2 Experience has demonstrated oe ‘ 


s to pertain to structures of larger dimensions by application of the ordinary: 
Froude law of hydraulic similitude. with this channel pone 4 
to be satisfactory inevery respect. 

i A summary of the degree of accordance between Equations (566) and on 
and experimental information acquired from measurement of the water surface 
e _ at the upper end of the channel under various conditions of slope and ee 


with free discharge at the outfall is in Table 6. In Table 6, a8 


— 
a 
7 error inherent in the measurement of water discharge. 
svodi ditw (986) yd A S BY THE AUTHOR 
5.—CoMPARISON OF VALUES OF Hy + (54h). 
— 
— 
— | 
it 
— 
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before, the comparison is based upon the quantity H 1+ Ls for convenience 


5 


4 


occurring with a slope of 0.0313 and a relatively small discharge. 
; . though these errors are small, it should be pointed out that, with increasing 


TABLE 6.—ComParison or VaLuzEs or Ho + L OBTAINED BY MopEL 
EXPERIMENTS UNDER OF FREE DIscHARGE (2) BY 


_ Caxucunation Ustne Equations (56b) (57) 
Discharge, Q, in + L in inches calculated using vi Pereentage: 


2.68 


ee z clopes, the velocities in n the channel become larger and the friction term becomes 
of i increasing importance. Hence, it is not expected that Equations (56a), 
(87), (58), and (59), i in which this term: is neglected, will apply indefinitely. = 
fe Using these equations with slopes greater than 0.055, errors in excess of 15% 
a have been found. Such slopes, however, involve an uneconomical channel 
design; it will be shown t that Equations | (56a), (57), (58), and (59) are valid ey 
for the range of slopes occurring in economically channels. 
TABLE 7.—Comparison or VALUES OF Hy +L (1) By Move. 


_ EXPERIMENTS IN WHICH dz EXxcEEDED d,, AND (2) BY 


Usine Equations (58) AND (59) Sate 


Discharge, Q, dz in in Ho inches, 
in cubic feet | inches, i cu 
per second | measured | and 


umn 
tot In Table Tis ‘presented a summary of experiments in which the hydraulic _ 
control section did not occur in the channel. In these tests the depth of 


ee in the lower end of the gutter exceeded the critical depth. _ To show the: 


4, 


ane 


oa 
— 
— 
— 
— 
iim 
— 
— 
= 
on ; = Percentage 
— 

low 


de eal dr have been included ‘The depths’ Hy + Ls 
= - measured at the upper end of the channel are compared with corresponding — ; 
5 = depths in this region calculated with Equations (58) and (59). 3 
ee: ae The average absolute error in Table 7 is 2.8%, and the maximum error 
— does not exceed 5 per cent. This is in agreement with the order of precision _ 
ie _ attained in the other experiments. Therefore it can be concluded that Equa- _ 
= tions (56a), (56), GD, (58), and (59) give sufficiently precise information for — 
practical purposes. Indeed, under many conditions, the error involved 
ae using these equations is of a considerably smaller magnitude than the errors _ 
; —— that result in practice from incorrectly estimated discharges a1 and i improper a 
Economics of Wash-water Gutter Design. —An interesting application 
‘ oa 3 Equation (566) i is the determination of the slope. of the most economical ‘wash- 


‘not depend upon | the dimensions of ‘the channel. — This may be stated mathe- | 


vin which C cost of f channel; = cost of sides per unit area; ; Ky = cost 


- ee of bottom per unit area; and Ky; = fixed costs (assumed to be independent of 2 
dimensions of the channel). Substituting the value of Hy from Equation (60), 
Q, b (hence , L, Ks, Ky, Ky are constants, the cost of the channel 


= 


=—4/2 de +(d—-—— 
for S’, the slope corresponding to minimum cost of channel, 
‘Equation (63) it may be seen that the slope in wit. 
Be DS discharge and decreases with the length a nd width of the channel. _ For average 
i. values of Q, L, and b used in the United States the most economical slope, 
to Equation (63), usually falls between 0.0125 and 0.0175. 
Conclusions. —It has been shown that the author’s elaborate treatment of 
es flow in lateral spliouy channels, for practical purposes, may be simplified into 
elementary formulas or diagrams that show a remarkable agreement with 


These formulas lend the to an 
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the economics of wash-water gutter design in mhioks a ane is is developed for — 

e determination of the optimum slope of the channel. 

this p paper has been gratifying particularly because of its quality. Professor 

ss Howland presents : a helpful rule for approximating the drop in water surface 
Professor Carpenter and Messrs. Vennard and Whitley suggest 
"unique procedure for simplifying design, whereby both the slope and friction 

‘terms in the equation are eliminated by equating them. Mr. Knapp rearranges 
t the differential equation in a manner to indicate each factor which pie nl 
os to the draw-down of the water surface, and he also points out ae 

+. of the differential equation to side weirs. Mr. Rohwer rightfully questions the — 

utility of the Hinds-Favre equation for large spillways where violent rollers — 

-—eatrnned air are of paramount importance. — Mr. Thomas presents a useful 
development of the economics of wash-water gutter desi _ The writer wishes 


to express his his appreciation for these helpful contributions. old 


Professor Howland’s Equation (41) for ‘computing the drop in water surface 


— between two sections a distance Az apart is of general applicability, regardless 


of the shape of the flume. To this extent it is more useful than the writer’ 


integrated form (Equation (23)), which applies only te to rectangular. channels of eS 

* constant width and slope. The use of Equation (41) for the more simple — bio 
channels, how ever, is more laborious than the writer’s method. Even for the a 

evaluation of from measurements of the water surface, is 


entire stretch of channel being loadin wd lo. 
Ins a first ‘approximation of the value of Hy in channels where the depth @ 


2 - mation i is not a safe procedure, although in the examples cited it does produce — 
‘Tesults that are not widely in error . The last two terms in Equation (41) do 
tend to compensate for one another, but the assumption that they are equal may 

betoo greatly in error for r reliability. The second term depends upon t the slope 
of the bottom, i is ‘negative for a level bottom, approaches zero as the bottom fh bs 
. ' Slope becomes nearly parallel with the water surface, and may become positive _ 

for bottoms with | steep 8 For a le level bottom : and a hydrostatic control 
.. re at the lewer: end, the sum of the first two terms i is 1. 46 | 16 2 3 as may be seen 


from Equation (45). The » drop in the water surface due to the friction term 3 ‘e 


dears little r relation to the second term of Equation (41). In the 
‘examples the friction drop is from 6,5% to 16% of thetotaldrop. 
= ¢ aig! Professor Howland’s proposal to use vanes i in in order 1 to utilize a part of the 
momentum of the inflowing water and thus increase the ¢ capacity ‘of the channel 
te $s worthy of investigation for dam spillways. Some knowledge of the value of 2 
“Associate Prof. of San. Eng., Mass. Inst. Tech., 
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friction losses in such large channels i is necessary, however, one 


"Messrs. Carpenter, Vennard, and Whitley note that the values of fas fot: ¥ 


0.02 er 0.025 for uniform flow in pipes. The increase in the value of f is un- P 


ma doubtedly due to the greater turbulence resulting from the impact of the incom 


ey _ become available in the future for the evaluation of f. It will be very helpful 
- entrainment and rollers are pronounced. — Until some such efforts are made, the — 


It will be noted from the data presented in Table 1 that the value of f in 


may be very much larger. than the valuesin Tablel. 


‘flumes, close | approximation to actual conditions will be 4 
: stream from the end equal to three or four times the critical depth” has been — 
Thomas. The proper distance to take, of course, will be influenced by the — 


e fy ee ah on the safe side, but it may be uneconomical, 1: The arbitrary figure of “three 


designer. In the case of the Detroit experiments (Fig. 4), the distance was 
pe 8. 8 and 4.3 times the critical depth for Run No. 1 and Run No. 2, respectively. . 
In the c case of the Baldwin Filtration Plant experiment (Fig. 5(b)), the distance — 


was 1.25 times the critical depth. For the Division Avenue Plant experiment — 


bs, = 5(a)) the critical depth was substantially at the end of the channel; but 


_ this channel can scarcely be said to be discharging freely. The experimental 
channel at the Massachusetts Institute of Technology was provided with means 


Table‘ and Fig. 6 the outlet end was submerged. 


hina towol ae h, the 


ae of d- should not be computed from the total channel discharge, but rather 
from the inflow up stream from the assumed position of the hydrostatic control — 
section. AS has been noted by Messrs. Carpenter, Vennard, and Whitley, 
" ae portion of the wash water will enter the channel below the control. Since this 
a water is discharged at lower stage, it does not influence the shape of the water: 
oe a hydrostatic control is assumed to exist at the outlet end, the 1e computed 
of He ll be great. fal hydrostatic control i is 2 assumed at the 


sure that the vanes are worth their cost. go _ Undoubtedly, the friction losses are are ae 


by the writer for lateral spillway channels are greater than the usual values of 


a but all data which were available were used. — It i is ‘hoped that other data vil 
if values of f can be obtained from some full-scale dam spillways” where air 
validity of the Hinds equation for the design of such structures is i n doubt. 


a c creases as the increment of inflow increases. — One may surmise that with dam a 
a spillway channels, where the inflow increment is much greater, the value of ie 


The writer’s 8 statement (see heading “Critical Depth”) that “For the design 2 


3 criticized by Messrs. Carpenter, -Vennard, and Whitley and again by Mr. 
a shape. of the outlet end of the flume, the discharge, the amount of submergence _ 
or or degree of aeration of the discharging stream, and probably. other factors, — 


ae, If a hydrostatic control section is assumed to exist at the end, the design willbe 


or four” times the critical depth should be tempered by the judgment of the & 


_ the outlet end for controlling the depth of flow, and for the run pr resented Z 
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df Moreover, since has thus been made 
be great, the water-surface curve will be distorted. If the hydrostatic control A 
ae assumed at the proper ‘distance up ) stream and computations are based om 
a. . the inflow above this section, a correct value of Ho will result, and the computed am 
4 shape of the water surface curve will coincide with the actual almost down to a 
te assumed position of the control. wt will be noted from Figs. 4 and 5, 
Re however, that the actual depth at the aneumed position of the control is likely _ 
tobe greater than d,. This i is due to the prevalence of vertical accelerations in _ f “al 
this region which result in pressures less than hydrostatic. = 
a tho _ The approximate values of d and R as given in Equations (47a) and (476) 
ree upon a straight water-surface profile. Since the profile is more Se 
- ‘nearly parabolic in shape, better approximations for d and R may be obtained “a 
| att Yo ou 


— Tf design data are. computed for the two 20-ft wash-water troughs « of Table 4 si ; 


of T. ot et seen sat 


simplifying the design of wash-water by. the slope term to the 
friction term, as shown by Equation (44), raises the question of the desirability i aS 
* of fixing the slope for the sole purpose of simplifying computations. y If this i is = 

ie - the af aim, a ‘simpler: procedure i is to make the bottom level. With a level bottom, — 7 
hh may be approximated very quickly by computing the drop in the water 
from Equation (45) and i increasin Ing it by about 10% to allow fort friction. 


e ing viewpoint. However, neither a level bottom nor a bottom having a slope ~ 
as obtained by Equation (44) is consistent with best « economy of materials, og 
Applying Mr. Thomas’ Equation (63), on one obtains an economical slope of ic 
aii 0.0286 for the 1-ft trough of Table 4 and 0.018 for the: 2-ft trough. These a 
slopes are much greater than those required by ‘Equation (44). 
ae »- Mr. Knapp points out that Equation (17) ‘neglects the component of the ee, 
velocity of the lateral inflow parallel to the axis of the flume, which component 
was considered in the Fayre equation. In the horizontal plane no such com- 
ponent exists for the small channels dealt with by sanitary engineers. For 
such channels the inflow usually approaches | at right angles to the axis of the bok a 
‘flume, Such may not be the case, however, for dam spillways and for tail- race 


power stations, Both Mr. Knapp and Mr. ‘Rohwer 
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a that an additional error is introduced by the use of the he velocity inst cad 


be the the actual momentum in an axial ‘direction is somewhat 

greater than that computed by means of the mean velocity at the cross-section; 

: = error is thrown into the value of f and tends to make it | it larger than it 

be if the correction were made. Evidently, the error is small since the 

values of f obtained are not unreasonably large, 
ais Both Mr. Knapp and Mr. Rohwer appear surprised at the apparent smooth- 


Py 


ness of the profiles of the water surface as shown in the illustrations of the paper. i z 
Although it is true that the water surface in these small channels was much ; 
- smoother and had much less entrained air than is the case with dam spillway 
= _ channels, the surface is always rough and transverse rollers are always present. 
Each point plotted on the curves to represent a point on the 


of the water is the average of at least two o readings. 
ey wa _ Mr. Thomas’ suggested simplification of the writer’s equations by the intro- 


te -varies with the increment of inflow, large errors may result by the indiscriminate a 


may be of interest to demonstrate how the differential equation 
tion (17)) may be applied to the analysis of the flow conditions for side weirs. 


a duction of an empirical function for the depth | Seems quite as complicated as ce 
4 the writer’s more rational development. « The use of the empirical function, + 


- 


4 Equation (17) follows in the same manner as side presented except thi < 

___ for this case the lateral flow is outward and the increment (a decrement in this a ed 

Case) is not constant over the length, of the side weir. Equation (17) becomes 

in is im impr of of the: increased 1 number of variables 


L FACING UPSTREAM 


and the integration. to obtain an integral i in terms of the depth for 


13 


i. this equation. A “trial-and-error” solution may be obtained, however, in ad 


a 


ae terms of the water- surface profile, in @ manner similar to. that suggested by _ 
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as follows: 


are fixed to suit the requirements of the problem. For an value of 


estimate wate of the value of the first Ay. After suitable adjustments are made, 
at the: process may be continued for succeeding values of Az up stream until a 34 
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a carry is not limited to the load that stresses one member to the elastic limit, = 


fact, the capacity load of a structure is reached only after as many members 
of a structure, corresponding in number to the structure’s redundants, have all ee 
e reached their elastic or buckling limit strength. As a load is gradually applied - 
oo a... a structure, its redundant members, in general, are successively stressed, one = = 
a rs after another, until they reach their elastic or buckling limit strength. The | 
remaining members may be designated as the primary system which still 
behaves elastically, and which can | | carry a still greater load, safely, ‘until one “3 
of its members is likewise stressed to the elastic or buckling limit strength. — This 
a, final load condition is defined as the “capacity load” upon which the design of ‘es ae 
j ae the structure is based. Thus, if a structure i ist to have a factor of safety of two, ss 
- the specified loading is doubled and the designer would find the “limit design” 
— that would permit the redundant members in the structure to reach their elastic _ 
limit, or buckling strength. . Ifso loaded some slight permanent set and some 4 
_ residual stresses might result, but the deformations of the structure would still a 
be of the order of magnitude of elastic deformations. The structure could carry — = ae 


half the limit safely, ‘without member to the elastic lastic 
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iq design is based on two major assumptions: (1) 

ic; and (2) that the principle of superposition applies. To be 


- tional problems, to which the principle of superposition does not apply, ar 
treated by successive approximations, but even then the theory of elasticity i is 
-—tolowed. ‘In the common problem of designing rivet connections another — 
is ‘introduced; namely, that the stresses are distributed 
"represents established engineering practice. 
has b been paid to various theories of failure. However, the emphasis is placed 
pon the theory of failure of materials yo has than the theory of 


the critical, limit, load of the but designers are so much the creatures 

i of habit that they must divide this load by area in order to get back again to ae 

i talking about stresses. When a structural engineer adopts what is known. as “. 
: “good structural steel,’ he writes his specifications mostly with reference to ts 
_ stresses, and he expresses his theory in terms ¢ of stresses. 7 _ Practically, however, = 

te : no bridge or steel frame ever breaks; f ailure or - collapse i is the result of excessive ws: ie 
deformation. To be sure, in a heap of wreckage it may be possible to find - Ae 

i ‘ d ruptured steel bar; but there is not one chance i in & tillion that this ruptured — 

bar was the cause of the failure. Structural engineers wax enthusiastic about 

a compound stresses, maximum stresses, working stresses, and critical yon ee 

‘ in fact, they talk so much about stresses that it would seem that, if they ae i 


knew hart about them, they would not need to inquire into anything dec. 
In this connection it is of interest to i to an experiment? a in 
- 19123 in which bars were broken as the res 
no no stresses acting in the GY 


ae k ‘If any stresses were acting on this ct 


plane they were compression stresses as sata 
‘result friction in the packing, a iZ 


a as the bar was squeezed through oP 9 

This dave stresses may have been acceptable it in the past when civil 
structures were statically determinate. In such structures 


‘There being no > other ‘member or restraint. present to relieve the 


| = ee passing of the elastic limit stress means that excessive deformations of the order 


of magnitude of ductile deformations (say, from 5% to 10% of | the length of _ 
tt member) will take place without a corresponding i increase in the carrying oS. 

- Capacity of the structure; and that therefore the usefulness of the structure is as oe 

brought toanend. Even in that case the excessive deformation isthe primary, 

and the ac accompanying stress the secondary, « consideration. — So long | asthereis ESF 

4 direct relation between the two no practical harm results. However, as long 

_ a8 the engineer continues to talk about stresses when he means deformations, he cee 


“ Breaking Tests under Hydrostatic Conditions of R ture, by P. W. Bridgms 
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ce ‘sive deformations take place, marking the limit capacity of the structure of - 


=: is treated as a matter of interest, as a matter that might well help to clarify 


4 - pertinent factors that affect the problem to which it is applied. — Any important i 


— 
sound engineering philosophy. In the consideration compression | 
<a the logic is essentially the same as that applied to tension members, 


Whe a compression member is is loaded ‘to its capacity buckling load, although | & & 
¢ the deformations m may continue for a time to be within the elastic 1 range, exces- 


y of statically indeterminate, redundant, structures it is Proposed _ 


oman the au involved) i is po towel to its relative position of importance; 4 


questions, but not as a matter of primary importance. ud al 
oa A theory is of value in direct | proportion to the extent to which it covers the F; 


factor not included d within the the scope of a a theory limits that theory. 
elasticity does not give even a hint as to why a perfectly elastic material—_ 


to 8 material that is elastic only—is 


moittins 4 fey ticity is thus seriously circumscribed 
Structural steel, mild steel, machine steel, open-hearth steel, low carbon 
steel, and iron, pray Preps various names for the same substance. It possesses 1 
oe extraordinary property graphically represented by Line BC of the partial stress- _ 
‘strain curve shown in Fig. 2. This property i is designated by the scala 
term “ductility,” which is defined herein as the property of a material by virtue | 
of which after behaving elastically over a considerable range of stress or strain, : 
can suffer relatively large deformation ‘without appreciable change 
stress. - During these changes in form within the ductile ran range, the stresses 
remain essentially constant. It is important to realize that, after passing the 
- elastic limit, the stresses are neither appreciably increased or decreased until 
fe Although the curve of Fig. 2 may appear idealized, this is not necessarily — 
the case to any great degree. To k be sure, , stress-strain curves frequently are 
recorded with a bulge instead of the : sharp angle shown in Fig. 2 at Point B; or, 


. For example, an ordinary | steel bar suffers a differential stres ress 
_ between material in the outside and the center of the bar due to the cooling — 
_of the core (on the cooling bed) after the outside of the bar is already black and 
hardened. Furthermore, the rate of running the testing machine affects the 
_ curve. In other words, variations from stress-strain curves of mild steel, as : 


J. A. ‘Ven den Broek, & Son, 1931, p. 231. 
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ia ‘THEORY OF LIMIT aston 


shown in Fig. 2 may frequently be assigned to wre test ae rather than aa 


: horizontal part of the curve _very pronounced and | coincident with the 


: judged from the behavior of other material. _ When the elastic limit is 
:: exceeded the crystal grains fail. However, i in this connection failure is to be 
sharply distinguished from rupture. A cleavage is formed within the grain and 
| es the one part slips over the other. All this time, however, the two parts of the re _ 

erystal grain cling to each other tenaciously as if connected by a very viscous te 
at glue. ft When a specimen of structural steel is tested in tension and strained a 

a beyond the elastic limit, to the extent indicated by 1 Point C, Fig. 2, and subse- - 
ee quently examined, it is likely that the crystal grains in a part of the can 


ae will be found still intact, whereas i in the other part. they will be shown to have 4 


suffered permanent ; deformation. Ault te m dongss of T 
In the training of engineers, the emphasis on the theory of elasticity leads 
7 a respect for the elastic limit which sometimes borders on fear. To be sure, 
to exceed the elastic limit in a structure may mean disaster, but inherently a 
mieans no such thing. Only when several redundants, f unctioning to the same ae 
end, have each reached the elastic limit, or buckling strength, is failure im- 
nch of every wire in every strand 0 of each cable of the 0 
eee "Bridge i in Brooklyn, N. Y., was strained cold, much beyond its elastic limit, ‘* 
before it was assembled and built into the bridge. structure has stood up 
4 - for more than 60 yr r and is ; daily loaded well beyond what it was ‘originally — 
expected to carry. Cold-drawing, cold-rolling, and cold-stamping are processes 
Aa a4 involving the passing of the elastic limit of the: material, sometimes 1 resorted to. jae 
oe in order to obtain a desirable shape, but more often done because of their a5 
effects on the properties of 


of structure is s computed. philosophy i is | predicated ¢ on the fact 
that a structure will fail only when as many members, or restraints, as the 


this limit strength, ‘the safe « strength of the structure i is ‘derived by the intro- 
duction of an over-load factor or factor of 


Sat It is proposed to present the theory by means of illustrative examples: Four 

S examples in redundant beams referred to i in order as Cases 1, 2, 3, and 4, and 
example in redundant towers. 


the of limit, design is shifted from 
this connection three dicta 


ary importance are proposed: OG Of 308 aot 

(1) A statically indeterminate, redundant, structure i is ‘in which - 
a or more members, reactions or restraints function to the same end; Cee 


_ “The Effect of Cold Working on the Beatle Properties of Steel,” 
Iron and Steel Inst., Vol. ‘Tx, 1918; see, also, E Engineering, July, 1918. 
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(2) distinction is made between deformations « of 
a magnitude of elastic deformations and deformations of the utes of magni- 
of ductile, or of buckling, deformations; and, > 
mae (3) When in a well designed, and especially a properly. detailed, nefold 
ae redundant structure, n redundants are stressed to their elastic limit, or up to 
il ies their critical buckling load, the deformations involved are of the order of 

magnitude of elastic deformations until an (n + member er has reached 


0d its elastic limit or its critical buckling capacity. it 


- i ak Case 1 —To find the maximum uniformly distributed 1 load, applied i in one My ; 
- direction and sense, ‘that a beam built in at both ends can carry. with a factor of ate ms) 


& safety of 2 .—The elastic and ductile properties of the material of which the a 4 


beam is made are assumed to be as Tepresented graphically by Aig. The 
Bie beam: is 6 ft long, f ully restrained at both ends, and of rectangular cross-section, 


 6in. X 2 in., as shown in Fig. 3. 


2x ie 
section modulus | of beam i is - = 12. The 
r ing moment that ‘the can develop is: 


or, M = 30000 X 12 in-lb = 30 000 ft-lb. 
The » elastic behavior of this beam is Fig. 3. F rom the 


ae — of static equilibrium, the increment of bending moment between the end and 


¢ “middle of the beam is The theory of f elasticity i is necessary, however, to 
that the ratio between and as 1: 2, or, in other words, that the ; 


+ bending moment at each end is whereas that in the middle is it 


a The elastic curve presents essentially two cantilever beams, A-B and C-D 


2a 4 strained at both ends presents & case of two cantilever er beams and o one simple . 

beam working together to the same end—that of carrying a uniformly dis- 
] ots tributed load w over the entire length of the beam. _ The combined task a. 3 
4 the simple beam and the two cantilever beams is obvious. _ The theory of "2 a 
elasticity, however, i is necessa ary to determine just how this task i is 


in simple beam action and cantilever 


du 


w that can carry ist 


safe load, with a factor of safety equal to 2, is 5 000 Ib per 
It is of interest to i inquire into what would happen if this beam were subjected 
to a load greater than 10 000 Ib per ft. _ As soon as this load is exceeded, the 
elastic limit in the outer fiber in a section at the wall i is also exceeded. The 
‘steel at this point, which is ductile, flows somewhat in a manner indicated by 
Line B-C in Fig. 2. The bending moment undergoes a change as indicated by — 
_ the change from the dash line to the solid line in Fig. 4. The points 0 of ‘tnfiee aie 
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oF LIMIT DESIGN 
Band ‘shift Points B’ and. reapectively (F and this process 


the bending moment in the center has senha’ ‘its critical value 


= (equal to that at the wall) namely, 30 000 ft-lb, and the corresponding load . 
on the beam has reached its critical value, w’ lb per ft (Fig. 4). If aoe ae 
_ beyond w’ Ib per ft is attempted, it appears that ductile deformation at both — 
~ enter and end of the beam continues unhindered. The deformations assume > 
gmoportions of the order of magnitude of dustile deformations, and theend 
Tt has been stated that the theory of elasticity ‘was necessary in order to 


‘determine the true ratio between M 1 and M; 2 within th the elastic range. In this a: 


ace ody snsment yatbred sit to de: 
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moments at the center and the end of the beam must be equal before disastrous » 
er Tes ts will take place, one may proceed with the arguments of static equilibrium | ae 


| to obtain the capacity carrying load w’: w’ aa xX>j=2 2M: = 60 000 ft-lb; and, 


a : bi “The application of the factor of safety again is contrary to the usual practice. 4 a ie 
ns 


tead of applying it first in | order to determine working stresses, it is applied EY = 
last i in order to determine safe load. Thus, if the capacity load is 13 333 Ib = 
per ft, and the factor of safety is 2, the safe load is 6 667 Ib perft. This change — 7 4 
2 in the order of applying the factor of safety i is not the trivial matter it may seem. Ls fe 


the factor of ‘immediately, the designer finds the working 
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‘ 
THEORY ( or ‘LIMIT pests 
“stress in the middle of the elastic: range and is helplees ii in g himself 
= from the difficulty. By reserving the application of the factor of safety to the 
last and basing his analysis upon the elastic limit stress, he is ina position to 
atudy the effects of a slight ductile flow. For working loads, the ultimate safe “ 
load will fall back well within the elastic range. This means that ductile flow 
aa ae. will most probably never occur in the life of the structure. It would occur 
— 
ee a only i in case of a 50% over-load, and even then, if a slight permanent perso 


was 


‘afd 
= 


It may be argued that when a built-in beam is loaded to full ductile capacity, 
_ the magnitude of the bending n moment at the walls would be somewhat i in excess 
of that of the bending moment at the center. This ; merely m means that the 
capacity load w’ is slightly in excess of the computed 13 333 Ib per ft. _ Thus, * 
Be by ignoring it and by assuming the moment at the wall to remain at t the con- 
eo: stant magnitude of 30 000 ft-lb, the argument is on the side of safety. At “7 
eS a stage the writer intentionally omits studying this question in detail so as to 
% _ avoid spending his efforts on the study o: of secondary considerations and thus : 
diverting a attention from the essential 
_ When all the fibers in one cross-section of a beam are stressed to the elastic 
limit, the stress-distribution diagrams over the cross-section would appear as 
and not as | two In that case the resisting moment is 


= 


Feo: and 7 is the distance to the centroid of this area. '. _ Thus, the value of the 
3 a 3 limiting resisting moment becomes greater than that given by the usual formula, — 
x me Equation (1). When all fibers along one section of the beam have > reached ‘the 
elastic limit this value would be 50% greater in a beam with a rectangular cross- 
ae section and 6.67% greater i in a C.B. 12 in. by 12 in. by 65 lb beam. oa =a 
2—To find the maximum uniformly distributed load, applied an : 
_ p “i indefinite number of times in one direction and in one sense. .—When a ductile 
4a — steel is strained beyond the elastic limit (B-C, Fig. 2) and then the straining 
effect removed, the return path of the stress-strain curve (C-D, Fig. 2) is 
= essentially parallel to the initial path A-B; that is, the material again behaves _ 
. according to Hooke’s law. If care is not taken at this point, one can easily 
i become so lost i in details that essentials are overlooked. As to whether o: or not 
“a Curve C-D, Fig. 2, is parallel to Line A-B depends primarily -on the time that 
is allowed to elapse between the moment the over-strain is completed and the — 
moment the straining effect is removed.‘ Furthermore, when the stress 
ha completely released, and then reversed, the material ‘continues | to behave 
oe: elastically as indicated by Line D-E, Fig. 2. To assume Line C-E in Fig.2 
“Se ee to be a straight line i is not exactly true, but by : assuming conditions that would 
a prevail ultimately i if sufficient time elapses, conclusions are reached which, ‘in _ 
s certain ¢ cases, argue » against the adoption of the theory of limit design (see Case 
These however, areonthesafeside. = 
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‘mean oF LIMIT DESIGN 


The stresses return toward sero ‘and in certain points may 
through zero and reverse. The elastic behavior of a beam under a negative 

~ Joad of 13 333 Ib per ft is represented by Fig. a The final condition of the Bra 

: — beam under a positive load of 13 333 Ib per ft is represented by Fig. 4. Te ee. 


* fe Sa left in the beam after it had been loaded to full-capacity ductile load 
and after this load had been removed. 
oe _ The conclusions to be drawn from the foregoing appear interesting and 


- important. What would happen if a structure is loaded beyond the << 4 
ae This question is introduced ‘not because it is actually proposed ever, Pe 
— consciously, to permit it, but to find a better engineering philosophy than the 
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ik RESIDUAL BENDING MOMENT wel a 

In A Necative Sense Removat or Liar Loap dost 


one based on the consideration of working stresses. It must be kept in mind as 
‘that after the capacity load is found the safe load is derived from.it, and stipu-_ 
lated to be a safe margin below the capacity load, It is seen that a capacity i 
Ban, load induces deformations of the order of magnitude of elastic deforma- Me 


tions. A removal of the capacity load leaves the structure. with a slight ne 


permanent set, and, what is more important, with a residual stress condition bs 
Fe ‘=: up in it of the full capacity load is again applied i in the same direction and Bs I23 
sense, the behavior is completely elastic. For example, under completely 
_ elastic behavior the bending moment of a beam, loaded as shown in Fig. As 2 
_ develops bending moments of 20 000 ft-lb at the center a nd 40 000 fi-lb at _ i: 
wall. When this loading and these moments are superimposed upon the residual = 
‘ loads and moments, represented by Fig. 6, the resultant loads and moments are — 
those shown i in Fig. 4, this time, however, obtained elastically. This mea: 
thes t for an of one of limit uP to > ductile capacity, the 
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es stresses of such nature and | magnitude that subsequent phar tere of loads, does 

a not call forth additional ductile deformation. After the first application of = ‘- 

noifibave ad” _ loads the behavior of the structure 

‘thenceforth again becomes completely 
_, elastic. io dads oda gilt 4 
aod Case 3—To find the maximum 3 
~ uniformly. distributed load applied an 


4 


ny gi indefinite number of times: in 

(complete reversal of load), which 


- the beam can carry with a- factor 


I i be cod hol of safety of 2.—Beginning with the 

a f si | residual stress condition of Fig. 6: 

ad load of 6 667 lb per ft is applied 

the upward direction, uniformly 
‘distributed. This induces a ‘moment 
Beau Loapep 20 000 ft-lb at each end, which 
is the maximum load that the bem 
3 - carry within the elastic range. The imposition of a 20 000 ft-lb of bending J 


moment at the wall, added to the already existing moment of 10000 
would bring the stress up to the elastic limit at that point (see Fig. 8). At the 
+ same time the bending moment in the center of the beam would be reduced to : 
aa zero. The condition discussed in Case 1 may be repeated; that is, the beam — a 
may be be loaded with an upward load of 13 333 lb per ft until the capacity bending Y ¥ 
moments s of 30 000 ft-lb are developed in the center as well as at the ends. 
ee ‘This, however, takes place at the expense of additional ductile yield, a ductile 
“ag yield greater in amount. than that involved in Case 1, because the stress- 
differential i is greater. _ At the end of such loading, if the load is , removed, the 
os eam i is left again with a residual stress, this time in a sense opposite to = 
shown in Fig. 6. If, next, a downward load i is applied, this process repeats 
itself. Each time, however, additional ductile strain is involved. Each strain 4 
say be of the order of magnitude of elastic strains. A relatively few repeti- 


tions, however, will make the addition of these strains objectionable 


dangerous. ‘This phenomenon is 


i, eo. not to be likened to what i is com- 

a monly understood by fatigue. This 10 
is not ‘a question of thousands or — 
millions of repetitions of load but 
rather a question of Perhaps, 


wad 


happens may more aptly be likened zeibaed odd toivadad | 
a wire nail held in a vise and 


back and forth, each ‘time assuitiing se ‘until,’ in 


3 Be. If the | foregoing arguments are applied to Da reversal. of load, smaller than q 
ductile load greater than the most severe load within the 
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n opposite sense leaves residual stresses of a sense BS is a 
cr oct to a load such as that last applied, but unfavorable to a load of a sense p's 
opposite to that last applied. The permanent sets would be smaller in magni- goes 
vould nevertheless be accumulative. There seems no other alterna- 4 
Pe tive, then, but to conclude that, if a complete reversal of stress is possible, the xa 
e ee elastic limit is again the final criterion of strength. _ ‘The saving feature of of this oo 
ae ~ argument lies in the circumstance that, in bridges and in steel frames, partial a 
gas of stress is ‘Tare, and complete reversal of stress is 


d negati 


in this example will sustain an indefinite application of an ot 000 Ib per ft Oe 


positive load and a 9000 Ib per ft negative load, or a 12000-Ib per ft positive. 

and an 8000 lb per ft negative loading.) 
This phenomenon of residual stresses and sceumulation of ductile deforma- 
tions is of primary importance in the theory of limit design. Accumulation of a 


ductile deformation may occur under moving loads even when no reversal 08 of a 

Case 4. —To find the maximum (limit) value of 

yr spaced 10 ft apart, that can be moved an indefinite number of times along oie 


of each 10 ft long, and of modulus, = , equal to 30.- 


fa, proposed to discuss this case in four steps: s: 
ce 7; i (a) Find the single limit load P; applied in the center of the left st span, 5 
and the residual moments and senotions resulting from that load; 


= Find the double limit: loads P; applied in the center ¢ of each span 
simultaneously, and the residual and reactions resulting from them; 
Pd (c) Find the limit loads P; that may be applied alternately: Singly in 

center of one or & in pairs, at the center of both 


Step (a) 9(2) the capacity in ane center of 


one span, that the beam can carry without exceeding the elastic limit; Fig. 9(b) ae 
- shows the limit load P; concentrated in the center of one span; and, Fig. 9(c) = 
re shows a negative loading of magnitude equal to P; when the beam behaves ia 
altogether elastically, the loads and reactions being in direct proportion 
_ those of Fig. 9(a). As previously stated, if the limit load P, (Fig. 9(6)) is 
oven if the maximum concentrated loading within the elastic range 
i? 36 923, the ‘effect is the same as if a negative elastic loading (Fig. 9(c)) is x 
ia superimposed upon the loading shown in Fig. 9(). - The material then behaves 
elastically as represented A by Li Line 4 DE (Fi ig. . 2). Fig. 9(d) represents 
i Beye reactions and moments when the loading i in Fig. 9(c) i is superimposed 
upon the loading in Fig. 9(b); that is, when Load P; of Fig. 9(b) is removed. © 
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1, THEORY OF LIMIT DESIGN 
: on in Fig. 9(c) and superimpose it upon the beam in Fig. 9(d). This q 
is a case similar to the one discussed in detail under Case 2. backer oa ot 
be Ss (b).—The arguments for Step (6) on the basis of Fig. 10 are similar 4 
; to those previously advanced i in connection with the Tepresentations of Step (a) 


= 12500 | 22. P= 55000 
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SHOWN IN 


(@ RESIDUAL REACTIONS AND MOMENTS (at RESIDUAL REACTIONS AND MOMENTS | 

on basis. of J Fig ig. tp The capacity | limit loads Py and P3, in each instance, are 


45 000 Ib. After they were once applied they could each be ap pplied an | in- 
- definite number of times and the behavior of the structure would be perfectly 
. = elastic with each Subsequent application of the loading. _ 
Step xp (c) —However, if the loading P; represented by Fig. 100) i is ‘applied 
after the 9(b)) had been previously applied and removed, it 
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meet with a condition ‘Wig. 9(4)) which i is responsible 
z an initial bending moment over the middle support of 33 000 ft-lb. Thus 
ee elastic limit over the middle support is reached sooner than iti is in | the case 
represented by Fig. 10(b), i in which the loading presumably started from a A zero” 


intensity t than that noted in the case given in Fig. 10(0). subsequently the 
brs Prloading i is removed and the P,-loading i is s again a applied, a similar situation 
 gesults. As the P;-loading is applied it meets with an initial positive bending © 
‘moment of 4 690 ft-lb at the middle of the left span. “ | This i in turn requires 
more ductile flow before the full limit load of P, (Fig. 9(b)) can n be carried. e 
successive application of a P;-loading, after a P,-loading has first been 
applied ¢ and removed, is seen to ) require a additional ductile flow which, in turn, 
; “i The value of P,, the limit load which can be applied singly at the center of P09 


definite e number of times, may ry be as follows: 
It will be recalled that, so far as repetitions of limiting loads are concerned, _ 

_ in accordance with the theory of limit design (Case 2), the structure is lett og 


=o with a residual load in a pre-stressed state, as the result of over-strain. This — 
_ residual loading may be beneficial, if not too large, and if not of the wrong sign. 
ee In the case of repetitions of the same load (Case 2) the residual stresses are a 
always the maximum and of the correct sign, thus making it possible for sub- 
sequent limit loading to take place entirely within the elastic range. When 


there is complete reversal of limit loading (Case 3) the residual loading is of 
__ the-wrong sign, thus making the theory of limit design inapplicable for practical _ s 

purposes In the case of alternate loading (the loading shown in Fig. am : 
_ alternating with the loading shown in Fig. 10(6)) the residual loading may well 


be too large. This does not mean, however, that a smaller residual loading : 


bias The largest possible values for the residual loading can be computed so that, 
with a design based upon that value, the beam will be stressed alternately to _ 
i ful capacity—first stressed to full capacity at the center of the span, and then a" 
stressed to full capacity over the middle support, without, however, resulting in in 


Fs 3 further ductile flow, or over-strain. From the study of Fig. 9(a) the maximum — 


y moment i in the center of the o is known to be 64 3 p L. “¢ Fig. 10(a) shows that 


= 
maximum moment over the middle : support’? is PL. ‘The ideal residual 


bending moment would be the dash line in Fig. 11, so- o defined that the 
rdinate, measured from the dash line as a base to the point marking the = 
- ‘Maximum moment i in the center of the span, shall all equal the ordinate measured — 
the point ‘marking the maximum moment over the middle ‘support. if the 
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‘The limiting bending moment is 7 000 ft-lb; and, there- 


nswer is given in five significant figures, - not ‘because oe writer is of the eS 
into such accuracy is amnue in this instance, but because it may be of Es 
i ar interest, if any one should be so in- 
ang. ai clined, to substitute the value of 
87.895 Ib for the 36 923 lb in 
compute the residual reactions and 
Lido ah of Step (c) ‘with ‘the value 37 895 lb 
for 45 000 Ib. It willbe 
irae found that the alternate loading with 
4 value of Ps remains exactly within — 
pe the elastic range. 
the case of moving loads, a simi 
‘les procedure may be followed. ‘Sup- 
pose a single load, P,, rolls along the 
beam. The maximum negative bend- 
It will oceur when Load P is at the distance 0.42265 L from the 
or. * be middle support and when it is of the magnitude 0.096225 PL. The maximum 
positive moment in both spans of the beam is expressed the a 


ati M: (2 + L — 4 L2 + zt) - 


being measured positive to the left from the ‘middle support. The value of 


a the maximum negative moment as well as the graph giving the maximum posi- a 
a If it is assumed that the magnitude of P, is very small to begin with ia 
that it becomes progressively larger with each passage along the beam, the 
- elastic limit in positive bending will be reached and a residual stress built up 
i‘ _ favorable to the application of loads of the same magnitude subsequently 
applied. _ If the load P, is quite large the resulting over-strain will cause the 
favorable to the positive moments, to become 
Egon to the negative moment over the support. _ This is explained in 4 
Case 4, Step (c). most favorable residual bending moment is the one 
Bey: eS represented by the dash line in Fig. 12. _ It may be found graphically by q 
drawing the dash line so that the maximum positive ordinate shall equal the 
aes negative ordinate. For the purpose of this paper the solution as ; 
been found analytically instead of graphically. It is found that the maximum — 
moment equals 0.1744 Equating this moment to 75 000 ft-lb and “| 
ge olving for P,, as was explained in Case 4, Step (c): Py = 43 000 lb. ‘ti is to 


a 
aa SS noted that the maximum positive ordinate, measured from the dash line, a oY 
Statisch Stahltragwerke unter Bericksichti des 
Baustofies,” y Hans 1932. Heft 19 20, 261. 
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‘% When a load of 43 000 lb passes over the beam for the first time, it causes over- we 
strain and builds up residual reactions and moments. These residual al reactions — . 


gnd moments are of a magnitude such that, during subsequent passages of the 
a load P, (43 000 lb), the beam behaves entirely elastically. The elastic limit ak Bi 
4 “stress will be reached at both the point of maximum positive bending and that e) “ 
of maximum negative bending; but this elastic limit stress is not exceeded. ae 

7 4 The safe load, on the basis of a safety ‘factor of two, would thus be one-half of 4 

Step (d).—Suppose that a a number of loads, each of magnitude Ps, and 10 ft 
- apart, roll along the beam. — _ As the loads first come on, only one span will be 
a loaded with a single load. The curve for maximum positive moment (Fig. 13), 
therefore, will be identical with the curve shown in Fig. 12. The maximum - 
be “a negative moment, however, will occur when the load Ps is in the center of each 
maximum negative moment will be 0.1875 Ps; L alll 


1G 
| 
residual bending moment that ‘would permit perfectly elastic behavior 
4 a" an indefinite number of load applications, without resulting in additional — a 4 
__ over-strain, is again shown by the dash line. An analytical solution gives the a & 
ov value for the equal positive and negative ‘Moments as 0.2015 L. The 
er: value of Ps, which would build vu up this ideal residual moment, is obtained from 
the equation, 0.2015 Ps L = 75.000 ft-lb; or, Ps = 37231 lb. sis ee 
14 shows the results of the foregoing discussion arranged i in manner 
convenient for e easy comparison. Fig. 14(6) ‘shows the maximum loads the ~ as 
beam can carry without any part of the beam being stressed beyond the elastic ee f a 
limit. Fig. 14(a) shows the limit. loads the beam can carry under similar 
conditions of loading and in accordance with the theory of limit design. The 
- first application of the load would build up residual stresses that would there- 
after i ‘insure perfect elastic behavior, provided the limit loads are never exceeded. : 
4 Sketches | (1), (2), (3), and (4), Fig. 14, represent loads applied only at the 


a points shown; and, Sketches ©), ©), (7), and (8), Fig. 14, represent moving _ 
Toads. of .esiod ail, 19 ont Of ‘Sub 


of A Stee: Tower hoblow 


jo edT vietes lo 903 co. 4) bas 
Fig. 15(a) represents the upper three panels of a steel tower, the general, 


over-all, dimensions of which suggest a transmission tower. A transverse by 
: “concentrated capacity load of 60 000 Ib is assumed to be applied at Point A 3: ‘s a 

3 at the top of the tower. ? _ This load is purposely assumed rather large (about ae 

four times the 1 value of a ‘similar load representative transmission 
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in transmission tower design, the properties for which would not be easily 


tenottibbe ai hac ie sl tober. WEE 
7 R-37231 36160 


(6) ‘phen 


oa ratio is limited to 200; and the joints are assumed welded instead of riveted, or = 


ee then, does: away with the uncertainty as to how much to reduce the cross-section — 


¥ area in tension due to the presence of the holes. _ The stiffening effect of the 2 


welded joints and the resulting moments are ignored, which is in pyc, 


ay with practice and is on the side of safety. The buckling strength of the com- 
= pression members is computed on the basis of Euler’s formula, 


available to any one inclined to this design. in 


_ bolted, so that the question of punched, or reamed, holes is eliminated. This, — ey 


4 


at" 


cf 
| 
| 
: 
— im 
ig 
4 
— @LIMITLOADING = LOADING WITHIN ELASTIC RANGE 
= 
* 
— 


THEORY OF LIMIT 


shall lend itself to convenient and independent checks. It is not to be assumed, | = “a 
_ therefore, that he means to express & preference for Euler’ sf formula over some 5 
other column formula; nor that he wants to be considered as committed to the 
feasibility of towers in the field. T he restriction to 
if 


His Yo 


4 


aBe 


~ equal- leg angles i is equally arbitrary and would ef course have no merit in a se 


mo. As indicated near the beginning of Case 1, the sum of the moments at the 
in the center of the beam i is . This conclusion was 
the basis of the theory of static other applied to the 


— 
— paper vo discuss and 
min at the purpos mic 
| must be kept in mind tha _In listing the foregoing specifications for 
heory of limit design. In think 
iflustrate the theory guided solely by the one consideration 
4 
= 
| 
q 
| 
q 
~ 
y 
he theory 
2:1. On the basis of t 
two moments is 4:1. 


= 
of limit: | it was held failure oceur, , the ratio 
the two moments became 1:12.00 a 
he Similarly, whether the theory of elasticity or the theory of limit design is 
used in the design of the tower represented by Fig. 15(a), either theory is ab: 
_ supplementary to the theory of static equilibrium. In any case the forces a 


around Joint A are in n equilibrium and their diagram close. 


> at both Points A and B are possible. is significant that one of the 
om conditions is to the effect that they have | the force F, in common. i a 
F ih an an analysis on the basis of the theory of elasticity dimensions are 0 terunneil vi 
fue the members of the tower, and the stresses are computed, being careful 
as not to allow the stress in any of the members of the tower to exceed the safe ie 
working stress. Furthermore, the designer must also make certain that the 
- computed stresses generally are not unreasonably low. If one or the other of 
_ these conditions cannot be satisfied, some member “as members) of the structure — 


An analysis on the basis of the theory of limit design begins by assuming 
. 4B the dimensions of one member and proportioning the neighboring members in 
a relation to it. The choice of sizes of members is limited by those commercially — 
4 a i available, and the result of the theory is limited by the available theory of 
oe capacity strength of either the « compression or tension members. These two | 
limitations apply to any conceivable theory one might use, and they detract 
am from the theory of limit design no more than they detract from the theory of oe 
; - elasticity. \ With these two limitations in mind, one ‘might design the tower 
in the manner of the ‘‘one hoss shay,”’ so that, when it colingess, it will er 
by failure of all its component parts simultaneously. 
Consider the top panel (A BC D, Fig. 15(a)) of the tower. If Strut 
ow were made extremely light, Triangle B C D would become relatively ineffective 
‘ B and the compression member C would have to be made extra heavy. On the 
other hand by making Strut (a) heavy and the compression ‘member C light, 
i. the work of carrying the load would be thrown on Triangle B C D and Bar qd tf 
would have to be made heavy. _ Either procedure i is undesirable and is contrary _ i e 
< the specification that the tower is to be designed symmetrically relative to sf ok 
_ This calls for equal sizes of Members c and d and it is desirable — 


Bo both be loaded as 3s nearly as possible with their maximum safe load. He, 4 


Be 46 can develop this strength 0 nly 


condition that the other members of the panel, of which Bar a is @ part, are 


able of developing proportional strength. That i is, i if (Fig. 15(d)) a force 
equal. to 46 000 Ib (see Fig. 15(d)) is laid off to. represent the force in Bar a, 
= Bars c and d must be capable of developing forces at least equal to the 
marked cand din ‘the f force e diagram (Fig. 15(d)). 
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bows 


other is in n tension, and since they are supposedly ¢ connected at the point ae 
intersection, the tension diagonal restrains the « compression diagonal. This 
effective length of Member ¢ scales 80 in. A 3 in. by 3 in. by } in. angle a 
Diagonal c would develop a capacity buckling strength of 23 200 lb. Since 
‘fi the force vector c (Fig. 15(e)) scales only 20 000 lb this angle would be satis- —_ a 
factory. However, the force vector d (Fig. 15(e)) scales 65000 lb. The 
“a capacity strength of a 3 in. by 3 in. by } in. angle in tension is only 1.44 X 30000 +9 
- Ib =432001b. This size of angle for the diagonal d would thus be insufficient. Bi 
i: Ain. by 3 in. by } in. angle, with an area of 2.11 sq in., could develop a 
- eapacity tensile strength of 63 300 lb. Except for the stipulation of symmetry eee 
the use of this angle could be justified as follows: The force vector c could be “ae ae 
moved parallel to itself until it reached a value equal to the 23 200-Ib capacity Fs is 
‘strength of on c, as shown by ' the dash line in Fig. 15(e) (Diagonal ¢ being 3 
Bin. by 3in. by}in.). In that case it appears that the diagonal d would have ‘ee 
to carry only 61 800 lb, and that the 3 in. by 3 in. by 3 in. angle is large enough Ne ag 
that purpose. If there were choice of commercial sizes one could 


oe wrerery that panel would fail i in the two diagonals before failing in Strut a. 
_ Sinee the designer is restricted by a specification demanding a symmetrical 
structure he could, of course, also change the diagonal c to an angle, 3 in. by _ 
Pe 3 in. by 3 in. . T his appears wasteful, making some other solution desirable. _ 
ay If, for Bar a, he selects an angle 3 in. by 3 in. by 3°; in., which has a capacity 
. buckling strength of 35 400 lb, he obtains, for the forees around the Joints A 2 
and B, the force diagram showa i in Fig. 15(f). A 3} in. by 34 in. by} in. angle © 
iron, instead of Bar c, with an effective column length of 80i in., will develop a dg 


Be greater than the saving in weight of Bars a, c, and a would imply. For the Eg 35 
res stress distribution in Bars a, c, and d, as shown in Fig. 15(f), the compressive — ace 3 a 


force to be carried by Member e scales 38 000 Ib. effective 4 
= a q 


strietly analogous processes, a force diagram may be drawn for the - 
entire tower that will satisfy only the conditions of static equilibrium (Fig. #. “oe “a 
Bi 15(/)). Any continuous force diagram, an and one that closes, may be: regarded ae oe 
os as satisfactory. The members of the tower are to be so selected that their of as 
Et capacity strength, either i in compression or tension, as the case may be, will b be 
_ geater than the value of the corresponding force indicated on the force diagram. a 
In that manner the capacity load of the tower is obtained. If the tower is to 


The effective length of Diagonal cis measured from the point of intersection 
4 
* 
| 
3 
develop a tensile canacitv load equal to 72 000 lb. which is almost double the 
ie 
dy 


a factor of safety of we), porn by multiplying the load for which the tower is 
_ to be designed by this over-load factor. Continuing thus, design the: structure, a 


ae dened in Members c and i, in ‘each case, add up to the same value, 85 000 Ib, . 1 : 
which is equal to the distance graphically represented by the diagonal 2-3 


dides parallel to the diagonal bracing c and d (Fig. 15(a)) that may be drawn 


within the isosceles 3 trapezoid 1—-2- 3-4 (Fig. 15(f)). Taking advantage of this 
mal: fact, one may scale the distance 4-5 (Fig. 15(f)) and find it equal to 68 300 3 
= lb, thus concluding that the in Panel C DE F 


5  4in. by } in. angle, 135 in. long, i is 19 800 lb. Its capacity strength i in tension 
q : a is 58 200. The combined capacity of the two angles acting in the place of h a 


7 . and j (Fig. 15(a)), therefore, would be 78000 lb. This is somewhat in excess _ 
; a . of the required value, but, limited as he is by available commercial sizes, it is ee 
the closest approximation the designer can achieve. The next step is to lay 
Ss - off the full value of 19 800 lb (Fig. 15(f)), as this has a tendency to reduce t the 
value of the in as well as in Member 


15(f)). 


may be found i in . Fig. 15(f), which shows that the force required to be carried 7 
by the diagonal bracing n and r, in the bottom panel, scales 40 000 lb. The 
effective | length of the compression diagonal n scales 144 in. A 3 in. by 3 in. 

by in. angle would ee a capacity tensile strength of 43 200 lb whereasits 


‘slenderness ratio is = 244. "(According to the specifications a column with 


slenderness ratio | greater than 200 is not if used, is ‘not to be 
. considered as carrying any load. The tension diagonal r, therefore, is assumed — Z 
-* carry the full required load of 40 000 lb, which it is capable of doing. The 
a functioning of the diagonal bracing i in the bottom panel is in agreement with 
engineering practice as applied to the bracing of the center panel in highway q 
bridges. In these bridges it has generally been the practice to brace the center 
a panel with two light diagonals capable of carrying only tension. _ While one 
of the diagonals is loaded in tension the other is assumed to carry no load 
: whatsoever. This is another instance of the theory of limit design being 
pt It may be observed (see Fig. 15(f)) that the higher the value one can assign / 


a x to the compression members c and h the smaller will be the value « of the forces Mi 
= 


Py. 


eh If the values of the forces carried in Members e and h could be pete q 
is 


pression member h scales 135 i in. The capacity buckling strength of a 4i in. 
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at metrical to 


the © center line of Fig. 15(f), a on the fore, D Distance f, which now scales 13000 


Iby-would be zero. In that case cross brace between Points C and 


‘999 
x ¢ and h could either be designed heavy enough to. carry one-half the diagonal 
bracing load, or more cross bracing could be introduced, thus reducing the “ ze + 
effective lengths of ¢ and h, so that tl their slenderness 1 ratio would become less Pits . 4 
a B: than 100. Either of these designs would be more costly than | one including a 4 d 
a & if the foregoing conclusions are compared with those dictated by the theory = 

es of elasticity, it is clear that, by no stretch of the imagination, can there be .— = } 


: : ei larger force in Member d than in Member c. In order to avoid complications, — = 
i consider only the top panel and assume the distance C-D to remain a 


rte Only if Member a were infinitely s stiff would Points C and D carry the same 
: load. With an angle-iron of ordinary proportions acting in the place of a, — ; 
load in Member is certain to be larger than the load in Member d. The 
writer offers no objection to these conclusions; he objects only to making them ; 
a basis for design. Without computing exactly what the stress in Member c ‘ae 
rrr be under the e theory of elasticity, one needs to conclude only that aes 
~ would be greater than half the sum of 50 000 Ib and 35 000 lb—that i is, greater Ma 
than 42 500 1b. The stipulated angle (3} in. by 34 in. by } in.) would not carry we a 
a this load; and thus, on the basis of the theory of elasticity, the member c would a SS 
have to be made heavier, therefore more costly. The theory of limit 
WE _ design takes account of the fact that, as the capacity load is applied to the Bee 
.. tower, the e member ¢ | bends out ‘somewhat as it continues t to carry load, but “ie — “3 
—— tefuses to carry more than its own capacity load. From the time that the ree - 
4 Bs capacity load i in ¢ is reached the member d assumes the burden of taking care e. — 


“may 01 one look for serious results. "Since the tower is supposed to be designed 
_ for an over-load capacity of, say, 50% or 100%, the working load permitted i is mi 


- 40 000 lb (or 30 000 Ib instead of 60 000 Ib) and thus limited this buckling poll He 
occur although it would do no harm if it did. fiw, 
sid, The theory of elasticity, presumably, defines all stresses within the elastic eo a 
oa limit and no stresses in the range of capacity loads. The theory of limit design — po Ae yg 
ae defines no stresses within the elastic limit and is the only theory that offers ros i 
+ some definition of conditions under capacity loads. _ Sinee, in reality, it is the “— 


capacity load that a structure can carry which should govern as a basis for 


eves 


design, the theory of elasticity fails where the 1e theory of limit design serves asa 


a The study of rivet connections is especially important in eontinothii with é a 
Proper estimate of the theory of limit design. Consider for. example Fig. 16. 
i a% According to the theory of rivet design, in the space between the two rivets 3 


ee toward the right, ‘the upper plate would carry one-fifth of the load, whereas the 
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a of limit design. The pity is that it has been so extensively practiced, yet s : 
he 


lower carries times as much. tis is to be remembered thes, although 
the universal application of the theory of elasticity is seriously challenged, the 


= assertion n that a revert like steel i is s almost elastic, up toa certain 


. ‘unquestionably this circumstance would prevail. Nevertheless, the theory of 
elasticity fails as completely in the design of rivet connections as it does in the 
analysis of many other redundant structures. ak 
4 - . Rivet connections appear to be “giving ground” to welded joints. ltr may 
be hoped that they soon will disappear entirely. Nevertheless, 
ae _ designed in vast numbers for many years past and the simple pee of 


“design have been proved very satisfactory. Eminently satisfactory 


must be rooted in a satisfactory and sound theory. This theory is the theory — 


at ae talked or written about. A rivet connection of purely elastic material 


D 
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is as impossible to conceive as the punching of holes into cold glass plates ‘and — - 


— them together with glass rivets. If the material were purely elastic, 4 


nd but elastic, the of elasticity would Provided 


ae rivets would take the load over, and finally the center rivet would be o c 
er F. Me stressed with the full load. The entire process no doubt would be completed __ 
ina very small fraction of a second; but, the failure would nevertheless be 3 


: - The saving feature of rivet connections does not derive from: the theory y of 


A elasticity, but is found in the most rigid specification which stipulates that the 4 a 


a - most ductile of steels be used. The philosophy ' which underlies and justifies 3 ; 
eae the proved practice is the theory of limit design. According to this theory the if Ee 
fe: ai distribution of stress in ‘Tivets is at fi first in agreement with that given by the 


theory of elasticity. ‘As the load gradually increases, the outer rivets (Fig. 16) 


< reach their elastic limit. They then yield slightly while they continue to carry — $ 


im 8 constant load, and only then are additional increments of the loads trans- 
mitted to. the inner rivets. structure as a whole will not fail until 
3 rivets have passed their elastic limit. th other words, for ordinary loads, the 


would practically be ‘‘duds.”” ere interesting point is that up to a certain load 4 . 
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theory of design int that the only stresses really 


interest the designer are those under failing the of imit design 
teaches that for capacity loads, provided the material is ductile, the assumption — “3 
of equal distribution of loads over all rivets is justified. 
ay It is not to be thought that t the problem of rivet connections is is 3 discussed at 
nu length because it offers an ideal example of the application of the theory | - 
‘limit design. It is, in fact, a very poor illustration. The theory of limit 
design presupposes that the first redundant member in a structure that reaches" 
“Mh its capacity strength will yield sufficiently, ‘under a constant force, to. permit he 
other redundants to be taxed to their full capacity strength before complete 
failure can take place. The potential yielding of one rivet under capacity 
load is, after all, limited. The reason the practice in connection with ae 
: design of rivet connections is here submitted as & practical example of the a 
spplication of the theory of limit design is is ‘that, for practical purposes, the 
of elasticity fails completely. very ‘simpler rules that have governed 
rivet design for years have been proved to be reasonably satisfactory. Iftheir a 
use is to be philosophically justified, the arguments derived from the theory a 


limit design are the only ones that can do 80. When it is argued (as jis done — 


In he writer designed a steel trestle for a thre railway in 
oda The outbreak of the World War delayed the project and when it was reviewed — 
again, other designers revised the plans in reinforced concrete, recommending 
a. astructure similar to that of Fig. 15(a) but, naturally, without diagonal bracing. 
a The writer was told that his design of the structure was unquestionably correct, 3 he 
a but that it was designed according to no theory at all. In fact, the structure 
a was designed according to the best theory available. fs The capacity’ restraining — 
*g moments at all the corners had been computed and from this the strength of 
entire structure was When this strength proved sufficient 
the design was approved. The interesting psychological point would seem to 
be the unwillingness to dignify as @ theory a philosophy that ran counter to the oy Ps’ 
established theory of elasticity. This : attitude still appears to be very 
tee _ Another tale, for the truth « of which the writer cannot vouch, but which y 
ee: sounds very plausible, is as follows: A final authority on office building design ral 
Oe (Was asked what he | did when a complicated analysis of wind stresses was sub- hf a 
for his approval. reply is reported to have been that he locked 
himself in his office, computed t the safe resisting moments at top and ‘oor fle boat 
pd of columns and that of their connections to. the floor beams in any one s' story, 
“4 and compared { them with the increment of moment from floor to floor (that is, 
= _ the total wind load above the floor in question multiplied by the story height). —__ 
the former exceeded the latter, he would approve the design. This, to the ial 


for example, Second Rept. of the Steel Structures Research Committee, Scientific and 


Structures Research Committee of 1931 to 1936’) that long rivet connections 
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— 
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a e. o With reference to the application « of the theory of limit design to t towers it is is 


ier 
‘appears to vite sound procedure; but it why lock the door? In fact, the 


w writer -questibes:t whether there is any theory of wind stresses superior to this | ‘ 


i. The theory of limit design has been applied to riveted connections a as long 


os as there have been rivets gist ‘The writer was aware of its being applied success- 
Sic =f fully to reinforced concrete structures on the Canadian ‘Pacific Railway as long 
ago as 1914. In his own 1 teaching of the elastic e energy theory, the writer has ' 


2 always ended the course with a discussion of “The Limitations of the Theo ; 
ry 


vd of interest to cite two contradictory viewpoints. In 1982, Hans Bleich® stated 
that, in order to be effective, : all compression members must be so proportioned — 
an _ that the stresses induced (including residual stresses) would never reach the 


a buckling limit. _ ‘Therefore, according to Bleich, the theory of limit design 


as On the other hand, Prof. N. C. Kist has held" * that “every assumption o of 
statically ‘indeterminate values i is correct if the dimensions of the structure are 


designed accordingly.” Furthermore, he is undoubtedly responsible for the 
statement that, “as a the engineer need not apply the theory of elasticity 
in order to assign values for indeterminate leading to an 


pete to Bleich’s dictum, the writer has shown that a genuine economy, of time 
=. and material, is inherent in the theory of limit design as applied to trusses 


ae & The fear of buckling often appears deeply ingrained. This fear is fully justified - 


from the 2 standpoint ¢ of the theory of elasticity, or when ‘statically determinate — 3 

structures are involved. In the analysis of redundant structures @ ‘slight . 

buckling (only enough to permit some other detail to function to its full — 


capacity strength) need not be feared. vod) 
ey Professor Kist’s dictum sounds sweeping but it is fully justified as long as 


complete reversals of capacity loads are guarded against. et eran} = 


i 7 pian are relatively few. It i is . believed, however, that practices essentially 
= to the principles treated in this paper are commonly applied; yet the : 
leaders i in the profession, the writers of textbooks on yn strength of materials and § 
of design, to the writer’s s knowledge, have consistently avoided the 
: a ject. In most of the writings on plasticity, even when the writer has ductility — . 
be in mind, its application to the theory of design is ignored . Those who have 
£ written on the subject and shown its relation to problems in design are Kazinczy 4 


* Bauingenieur, 1932; Heft 19/20; p. 264. ol 
International Cong. for Metallic Structures, Liége, Belgium, 1930. 226 Yat 


Ug __' 1 Explanatory notes accompanying Specifications of the Royal & Society of Engineers of the nee 


‘Elastic Energy Theory,” by J. A. Van den Broek, John Wiley & Sons, Inc., N. Y., 1931. és 
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Godley, M. Am. Soe. C. E. number of 


~ the report of the Second Congress ¥ the International Association for Bridge E 


these is a paper by H. Maier-Leibnit, ‘dal 
_ The dominance of the theory of elasticity has resulted not only in an over- 
emphasis of the idea of “stress,” but is also responsible for the fact that most 7 
+e published test data are given only in so far as stresses and deformations within fe 
the elastic limit are concerned. ‘For example, numerous test results are avail-_ 
able on columns. Such results give the buckling loads but very little or aig 
fee information in regard to the load-deformation relationship after the buckling © 
+ has begun. Since this is the type of information in greatest demand an 
to the theory of limit design, a vast field for experimentation would be opened P. 
up if this theory should meet with favor. nails 
In closing, it seems only fair to call attention ‘to one more fact: The main 
# part of the foregoing examples has been directed to the study « of moving loads 
reversal of loads. o, and the limitations of, the theory of 
‘limit design have we emphasized to an extent that might well create a fave 
ive. Suppose a rivet connection, designed d according to conventional 
a4 rules, were subjected to reversal of capacity loads. ‘Unquestionably, the con- — 
nection would fail after a limited number of such full reversals. The point is “ 
- that, although reversal of loads and stresses occurs, it seldom occurs forcapacity — eae - 
3 loads. So seldom does it occur that the rules of procedure (that i is, ‘the applica- re cf 
tion of the simpler rules of the theory of limit design) are either not en by 
Suppose a transmission line were to be covered with s a heavy costing of sleet 
and subjected to a gale from the southwest, transverse to the direction of the Ay 


| is where the suppositions begin to ‘appear absurd. _ Extreme over-load condi- 


% 3 tions may occur a few times during the life of the structure. a That they fe mee 


same sleet occurred and the gale blew | from the northeast. ‘This 


2 with the same intensity, the same direction and. complete reversal of : sense, is 
a against all probability. Even so, according to the theory of limit design they 
could so occur afew times without disastrous results. 
Tt would seem that the structural or less 
designed i in accordance with the principles of the theory of limit design, while — 
paying “lip service’ ” to the e theory of elasticity. Is it not appropriate to take * 
£3 stock and develop the theory | which most closely | fits the facts and ‘appears to _ 
have the largest range of application where redundant structures are concerned? 
International 


a of Strength, which Is Based on the of between Stress 
and Strain Lead to Good Construction of Steel Bridges and Buildings?” by N. C. Kist, Inaugural address, 

_ Technical University, Delft, Holland, 1917. Also, ‘‘Ductility as a Base for —Computation of ae 
Steel oe and Structures instead of Pro: ortionality of Stress and —, by Kist, International — 
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Jonn H. | ‘Assoc. M. Am. Soc. C. E. (by letter) —Roughly, 
_ this paper. can be divided into three parts: (1) A criticism of the structural 3 


_ engineers’ conventional design methods; (2) a treatise on the theory of limit 
_ design, with examples; and (3) a review of the applications of the theory, with ; ‘si 


_Teferences to the proper authorities. All three Parts will be discussed in the 


nces 


(1).—In the light of present- conditions, the harsh criticism of the struc 


= engineers’ “love” for stress analyses seems unwarranted because, since 
th discoveries of Galilei, “all” professions of the civilized world have adopted a 
= he number of more or lens mathematical rules by means of which the object of © a d 
their observation is tested. structural engineer is no exception. Physi- 
cians satisf y their urge for numerical terminology by reading thermometers and 
i a blood pressure apparatus, and by counting heart beats and white and red blood = 
Reo ‘By corpuscles; and economists measure the economic health of the nation by the 

, analysis of the balance sheet. Civilized Man has forgotten entirely that a 


_ other living creatures on earth live, multiply, do their engineering work, ae 


die, without worrying about: Their entire existence is based on the 
al application of the laws of equilibrium, efficiency, and usefulness. Nevertheless, 


status of their health, economics, and the strength of their (as, 


6 instance, the bees) can be perfectly well expressed i in terms other than mathe- 
ae, matics. If their health i is vigorous they carry capacity loads; if their economic 
{ 
system is functioning properly, each member of their society ' will receive capac- 


ity supplies; and, when their engineering structures are in good bic, order, of 

es 4 _ As soon as Mankind adopts such a system, in which his accomplishments are 
44 “judged by tangible results, the engineer can begin to ignore mathematics. et 


_ the meantime, he had better follow the methods and conventions of the society 


which he to live. Any other course would ‘impair his usefulness 


7, ... (2) —In the theory of limit design the investigator takes advantage of the 


9 diene strength of the full cross-section, even when a structure is subjected 
Be a to bending stresses. There is no more efficient application of the material; ak 
ee as a result, structures are obtained, the strength of which can be expressed i in 
capacity is, in terms of usefulness. Thus far structural designs 
have merely satisfied a number of requirements; hence, the 
= theory | advanced in this paper is a step in the right direction. The engineer 
f o should keep in mind, however, the fact that Hooke’s law and the theory of 
lim limit design are both of a very intricate more 
nor less. ow 


. 36“ Ductility as a Base for Design Computations of Steel Bridges and Structures In- 
stead of Proportionality of Stress and Strain, by N. Cc. 
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of 2M, ond calling the Ry dnd = 


By different values for Pi, one can determine the 


her 


;~ Professor Van den Broek states that he acquires a factor of safety of 2; 
but in n reality it can be called 3 because Fig. 4 represents a condition in which . 

i : the cross-section at the middle of the beam still has a triangular stress-distribu- ne 
diagram. according to the ductility philosophy the beam | cannot 

“a collapse until two sections have rectangular diagrams; and, as Professor Van ae 

ie den Broek demonstrates in Equation (2), this condition means & 50% i increase — 

3 _ This simplification of Case 1 is also helpful in solving Case 4, the continuows = a 


by 
- beams shown in Figs. 9 and 10. 5 First, find the moment of resistance: —= 30; ke 


#= 30000; and, M, = 30 x 30 000 = 900.000 in-lb = 75.000 ft-lb. Drew 


moment line of Fig. 9(b). Knowing! the location of P,, the computer : finds 


for the left 15 000 Ib. about 


center support: 15000 X 10 — Pi X 5 = — 75000; or, Pi =45000Ib, 
At first the application of the theory of limit design seems most ; simple as a: * 
applied to structures that have no bending stresses, according to the elastic © nh 
7. theory method (as, for instance, th the tower in Fig. 15); but, if Professor Van den ; 
3 Broek had demonstrated the new method of detailing gusset plates, he would ee 


have revealed another radical departure from conventional methods, 


w to apply the theory of limit ¢ i 
3 aan Professor Kist taught the writer how had quite elaborate in order to 
a hough the examples in the paper ha lication canbe (ss 
althoug f new readers, the app 
larify the ter part of the problems which the average 
simplified nt ag Case 1 one needs simply to 
Lun 
oads: Draw the moment line for capacity loads ent = 
| 
a 
— 
— 
4 
— 
= 
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MEURSINGE ON THEORY 


> plainly, the important fact that designers have to take rein of ‘ductility + 

have not spoken or written about in details, at the same time 
ie This same chapter, unfortunately, contains a statement from which the 


+ 


ections as as in riveted connections. Professor Van den Broek states: 
are 
- bes “Nevertheless, the theory. of elasticity fails as completely i in the design 
dang rivet connections as it does in the analysis of many other redundant 
ei connections appear to be ‘ giving ground’ to welded joints. ae 


H. M. Priest, Am. Soc. CG. E., has presented!” stress curves for both 
eS riveted and welded connections. In the specimens tested the ends of both con- 

i‘, a nections were over-stressed, and the welded connection 1 would not have held 

4 . better than the riveted connection except for the ductility of the material. * 
play an important réle in structures designed i in accordance 


Hooke’s law, the are often made lighter than the connected 


Ree theory of limit design does not tolerate such a condition. Consequently, th 
writer would add to the last paragraph under the heading ‘Practical Applica . 
— Ye a guarded against, and as long as all connections are capable 3 


perience of the writer has a bearing on this question re 1922, while he was a 
_ studen nt at the Technical University of Delft, Netherlands, the writer was ad- 
4 monished by Professor Kist for using the elasticity theory of a continuous beam 
a on three ‘supports in order to determine the size of three rollers beneath 
shallow roller bearing Professor Kist demonstrated that the short distance 
a ty between the actual bearing and the rollers did not give the bearing force i in ; 


case the theory of limit design offered a more logical solution. 
a Ms In 1987, the writer, then i in the he employ of an 2 oil | company, was called « upon 


stresses in the middle roller had reached the elastic limit. Ib 


computation was rejected by the engineer in charge of the design as i con- - 
_ trary to “standard practice.” No other action was to have been expected. 
 Hooke’s law has been the conventional standard for 250 yr; the new theory isa 
% radical departure from that method. Neither has the new philosophy either 
established a convenient inter-relationship with modern designers’ general 
a process of thinking. Furthermore, the structural engineer’s brains resemble a 
4 ‘a carbureter. After it has been set for a certain mixture of assumptions, ‘it is 
ai difficult to adjust it to a new recipe, even if the latter may prove to be more 
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‘accepted only gradually. Its extensive application will be ‘postponed until 
civilized world has learned'that the health and happiness of mankind, as well as a 
the » strength of structures, can be expressed in terms of usefulness instead of in | 


K. 8 Assoc. Am. ©. (by letter) —The simplest 


‘diantenel form is a straight bar loaded axially. An example is the standard 
test piece | used in determining such quantities | as proportional limit, yield point, 
and ultimate stress. Y Numerical values of these quantities, obtained from tests 
on this type of structure, are the bases upon which the proportions of structural — 
members, however they may occur, are estimated. 
_ The proportional limit is defined as that stress at which stress and deforma- 

eS ‘ton are no longer connected linearly. The yield point has been defined as that 

Bs “stress at which t there is a marked extension W with very little i increase in load. 

a Sometimes this value is defined as the stress at which a certain permanent ae 

is obtained. _The ultimate stress is determined by dividing the maximum 
ding recorded i in a test by the. cross-sectional area of the test piece. Laces 1 


Assume that instead of the standard test piece a single-span beam of om 24 - 
Dicaial under a | given type of loading, is taken as a standard. Then it is 

an possible, in the light of the foregoing definitions, to obtain definite quantities — 

b corresponding to proportional limit, yield point, and ultimate ‘strength. It = a 

oe be found that these values are influenced slightly by the type of loading ~ oo 
initially chosen (uniform or distributed) but are greatly influenced by the form a 
of cross-section.” E. Mirabelli,” M. - Am. Soc. C. E., has shown analytically, — 

and has supported his results by cit that the factor of safety ofa 

_ beam, based on its own yield point, may be as much as four, compared to a al 4 

_ factor of safety of two, based upon the yield point of a simple tensile-stress ~ Ls 


Re Although it seems impracticable to test every type of structure to obtain its — mM 


roportional limit, yield point, etc., this point of view should lead to a new : 
hilosophy of design, as the : author states. cou 


reaching results in mechanical, structural design. It is well known that if Re 
mild steel is loaded i in tension above its yield point, unloaded, and then subse- — 
beg quently reloaded, a raising of the yield point is ‘obtained. Along with this . =. 
_ raising of the yield point in tension, there is a subsequent lowering of the yield 
point in compression. | This result is known as the Bauschinger effect. i 
explaining these “results, Heneky,” ly “enough, called upon the 


z Asst. Engr., U. 8. Bureau of Reclamation, Denver, Colo. 
Am. Soc. C. B., Vol. 102 (1987), p.1897. 
™“Zum Theorie Plastischer Deformationen und der hierdurch im Material Hervor- 


rufenen by H. Hencky, Zeitschrift fiir angewandte Mathematik 3850, 
te 1924, also, “ of 8. Part II, 19380, 


— 
— 
| 
— 
— 
— 
oe 
ke, 
| 
Be: 
= 
4 
4 — 
3 
a 
— 
7 — 
4 — 
— 
— 


which the author has desotibed: _ Mr. Hencky’s 


of a three-membered symmetrical truss (Fig. 18(a)), statically indeterminate 
in the first degree. While the load is O=P =2 (s; is the yield point 


: . 2m stress in simple tension) an elastic state of stress exists. The load-deformation 


7 
ss eurve is Line DF (Fig. 18(b)). At the load P = 26,A the vertical bar DC - 
a Fig . 18 (a)) becomes plastic and, assuming that the material has a marked © 


Fa 


58,4 2 


gry 


a. 


~<= 


1) fits 


i a yield point, this vertical bar will not i increase in stress as the load is increased to, 
say, 38,A. The rate of deflection will be greater, as shown by the e slope 0 of Pr 

oy (Fig. 18(b)). If the structure is unloaded, a permanent deformation corre- 
ir to DD’ will occur, with residual stresses of tension in Bars A D, A 
_ D and compression i in Bar DC (see Fig. 18 (a)). ~ If the load is reversed the — 


yield point will be at a load as shown by because of the 
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: 
wae residual in ‘Member D ‘if is 
= — in the same direction as the original force, the load will increase a. & 


yield 81. occurs a value of the load P = 
load, deflections outside the range of magnitude of elastic are to 
be expected. From the point of view the theory of elasticity the 


x 
the material the load capacity could be Geek. to consiot 
Ba 5 The properties given by the simple tensile test, and which have their ‘counter- 
in the behavior of the ‘simple structure in Fig. 18(a), have been used ad- 
_ vantageously by mechanical engineers. Advantage has been taken of the 
a yielding property ¢ of the material and its consequent higher yield point in the Pg 
Gein of chains; the favorable residual stresses resulting from permanent 
delormation have been used in the design of rotors; over-strain of metals has 
ee created residual stresses that are favorable during | the firing of guns. Iti is to f 
al noted that i in all these cases the direction of the loads is fixed so that the _ an 
ghe The preoccupation of engineers with the concept of stress, as the author 
Me - states, can be traced to the definition of “factor of safety” as given in textbooks” 


Ms strength of materials, — ; _ There, the ‘tachor of safety” is defined as the ratio 


_ The author is commended bringing this to attention of 
the profession and for his yor in clarifying many of the salient pointe. aac 


 _Epwarp GODFREY, Soc. C. E. (by letter) -—The subject of 
ing this excellent pap paper is one that has been neglected or ignored to a large degree a 4 5 


4 “bat as there are scarcely any materials that approach this qieality there is a 

A hiatus between the theory and the actual fact as represented by the materials — 
would be dangerous, in many as a structural material. 

Professor Van den Broek has cited some cases where the hiatus referred to 
_ ismost conspicuous. Riveted joints, for example, furnish an example in = | a 
- the assumption of perfect elasticity would develop, theoretically, a case “a 

cs certain failure; but failures in riveted joints, where proper rules of design are z 

a followed, are totally unknown, and the rules of design virtually i ignore perfect 
fay . It is only because structural materials are ductile as well as elastic — 
that they adjust themselves to conditions, and riveted joints designed accord- 
ingly, and according to good rules, aresafe. = | 


Theorie Plastischer Deformationen und der hierdurch im Material Hervor- 
rufenen H. Hencky, Zeitschrift fiir angewandte Mathematik und 
echanik, 1924, 881; also “Stress Distribution in Rotating Disks of Ductile Material 

«After the Yield’ Point Has Been Reached,” by A. Nadai and L. H. Donsell, Transactions, — 

4. 8. M. B., Vol. 51, 1929, APM-51-16, p. 
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% - are made on steel when it is cold and that stress the steel beyond rte 
elastic limit. _ When th the bend i is not reversed, the steel is safe for unit wo, 
that would be considered proper in steel that is absolutely straight. 
entire fabric of the theory of stresses, the ‘ “Theory of 


euch: cases as stresses due to deflection of rigid structures, stresses due to 
“i rotation of members a pins, caused by deflection of a truss, and some othe 
One of the safest structures in existence is the Firth of Forth tubular bridge, . 
i in Scotland, although computed secondary stresses, based on the elastic theory, q 
would sh show disastrously high unit stresses. te 


Dilidles Van den Broek assumes that immediately after a . material has reached — 
the elastic yield point, a perfect ductile flow occurs; that i is, the material suffers 
additional deformation, the stresses" remaining constant. The 
stress-strain diagram is composed of two straight lines: Line A B corresponds — “= 
to the elastic phase; and, Line BC, parallel to the strain, corresponds to the 
ductile phase (see Fig. 2). hypothesis i is very interesting. The actual 
material will probably follow a curve between Line BC and the extension of - 
3 A B so that the designer r can obtain a quite clear insight into the behavior 
= of the structure. Line BC is probably limited by some Point C where actual — i 


‘Tupture occurs after the material has a certain ductile deformation. 
g° Case 1 by the writer, will serve to Siemanplvaha the Ii limitations of application 4 
of the theory ‘a straight beam A B of Span L, connected at Ends 
B into rigid supports, and carrying two symmetrical concentrated loads 

at Points C and D q 
= type of loading the moment curve is is composed of straight lines, por therefore 
the algebraic calculations are quitesimple. 
F Increase | the loads P until the elastic yield point is reached at the supports. — 


The bending moments at the supports (Mo) is then expressed by Equation (1) 4 
= the yield stress, I = moment of inertia, and c = the distance of the 


If the loads Pa are f urther the moment at the center increases. 
—" assume that the moments at supports also increase somewhat, and that 
= ductile phase is extended over lengths A E and BF =1 at each end of 
_ beam. Otherwise, a finite angular deformation would have to occur in an — 
infinitely small length of the beam, which is improbable (sce text preceding 

Be, ‘The loads P are now increased until the moment in the central part almost 

—. reaches the value Mo as defined herein. The moments at the supports are then 

‘Mo, o, k being a coefficient greater than unity. lengths at each end of the 


| 
. 
4 
Leg 
— 
— 
| 3 
( 
| 
4 
3 
a 
— 
| 
~~ 
— 
— 
— 
ty 
= 
— 


ON (OF LIMIT DESIGN 


. iia ee region E F the material is completely i in an elastic s state and it is cy 


E 
which b = 
sthmetcally equal to a a8 the beam i is built into rigid supports. The average 
id change of slope, per unit length, in the region where ductile flow occurs" SS 


and 


greater average, ‘so that a om E — x1" Assuming 


q eet 4 is greater than one, the minimum value of ay is obtained by selecting 
the greatest possible value of x. For a rolled beam, 12 in. by 12 in. by 65 lb, = ; 
at the greatest possible value of Kis. is 1 1.0662 (see | last line of Case 1) and therefore 


sr smallest value of K+ is 30. Consequentiy, ay > 30— Now, 


independently of the system of loading, the unit change of i slope at t any point 
cannot be greater than a certain value Oz, which is dependent on the properties 
i” the material and of the cross-section. The length of an extreme compressed ee 
er originally equal to one, cannot be. reduced to less than : zero. * The length a : 
the tension fiber, originally one to one, cannot be stretched beyond re 


theref fore, 


wh 


is a “ductile flow, of in place, one 


- material the value of 4 —— is given, and it seems, therefore, that (theoretically — 

at least) one can determine a certain position of the loads for which, as the load a A 


oo. increased, a break at the supports will occur before the yield point is reached 
Reference to questions of this type was probably made whens the author 

a - stated that he intentionally omitted studies of certain secondary considerations, 


diverting attention from the essential arguments (see 
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mean | that the entire beam will collapse; cracks will be = 
& =" and may be easily - aggravated by frost, etc. The resistance to shear may also 4 
M. Am. Soc. C. E. (by letter)—As applied to flexural 
as .. x members, the author’s theory of limit design appears to provide an ample — 
of safety. The theory is based on the conservative assumption that 
_ the yield point in bending is reached when the outer fibers begin to yield. 
* Tacitay:? beam deflection does not increase rapidly with a small increment of _ 
load until there is a considerable excess in the loading beyond that which © : 
causés yielding | in the outer er fibers. The load-deflection curve for a . simple — 
oo fa beam continues as a straight line (or very nearly a straight line) within the 
Bi. = order of magnitude of elastic deflections during the period of time that the 
pies plastically stressed region in the beam extends from the outer fibers toward the - 
re = neutral axis. Eventually, a loading is reached at which the beam deflection — ‘ 
inereases rapidly. The amount of this loading depends on the shape and pro- 
portions of the beam. These facts have been demon strated mathematically a 
elsewhere.?* For these reasons the actual amount of the margin of safety 
exceeds | the ‘assumed amount | and the theory of limit design seems | justifiable a 
_ However, the new theory does not seem to be s 8) easily acceptable when = 
applied to frames which involve direct stress. In connection with indetermi- 
nate trusses, the theory i is that any over-stressed member "of the frame will | q 
ae 2 continue to carry its share of the load at a constant capacity, while the member — 
“ar is being distorted until the capacity load is fully applied to the frame. ye 
- tension member may a act in such a manner, but it is doubtful that a compression 
member is capable of carrying a constant amount of load after the yield point 


of the material is reached. An over-stressed compression member is likely to 


by 


or 


x 


Fro. 20.—STRESSES (Laure Desion 
a have a total resistance less than its capacity at the yield point (if it does not s 
buckle and fail completely). This means that the other members of 
frame must carry more than their design load. reduction in the 
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tiga ne any m member (such as — 300 kips to Member a 5) and the stresses © 
in the remaining g members may be determined by ¢ application of the e static — : 
of equilibrium at successive joints. This is essentially the procedure 
of the theory of limit ‘design. now, the ‘required cross-section areas: 
Lome from these stresses and the truss is analyzed by an elastic theory, — : 
itis found that the bar stresses are the same as those determined by application = 
- of the limit design theory. _ For such a case the two theories lead to the same hom 
~ design. The only difference is that the use of the new theory et some eS 
saving in the time required for making the analysis. od 


Now, if the type of structure is changed by interchanging the hinged an 
teller supports, the elastic analysis and limit design analysis will not Saris in o 
G the same bar r stresses. The stresses obtained by the limit-design method are — Roe 
is shown in Fig. 20 and those found by the elastic method are shown in Fig. 21. oe 
"The cross-section areas of members are assumed the same for the two cases. 
an Diagonal ad will attain its capacity of — 784 kips when the applied load is a 
+1000 X = = 820 Kips. Until this loading the stresses are within the elastic — a 
ange throughout the frame, and at this loading the stress in Diagonal bcis 
X *T000 + 136. 0 kips. According to the new Member ad 
wil oon continue to offer its ‘capacity resistance of — 784 kips while the applied 
load is increased from 820 kips to 1 000 kips; and, the stress in Diagonal bc — 
is increased + 136.0 kips to + 336.0 kips. This theoretical. action 
shown graphically in Fig. 22, in which stress intensities are used instead of 
writer feels that there is no justification for : assuming that the a 5 d-line 
«Aig. 22) will continue horizontally at the level of 30 000 Ib per sq in. — Prob- 
- ably, there is more reason to believe that at the applied load of 820 kips the g 


1 d-line » will reverse its direction and dip, or that Member ad will be com- — a 
pletely destroyed by buckling. As a consequence, the assumed margin of 
se will be reduced, although it is true that in the majority of cases it is not 


likely that failure will occur at the working loads. 


‘a = for compression members than for tension 
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were done, the in effected ‘ot the of limit 
design method would be neutralized to some extent. The principal virtue of — 
the new method, when to trusses, would then be in the simplification 


M. Goopricu,” M. Am. Soc. C. E. (by letter).—Clearly and cogently, 
a. Pro fessor Van den Broek has directed attention to the unfortunate change that 4 
the teachers, and the present generation in general, have made in Hooke’s law, 
from ut tensio sic vis (as strain, so stress), to ut vis sic tensio. ‘Iti is equally chee ey 
oe from his paper that no fault is found with any elastic theory in its proper field—_ & 
= namely, within elastic limits. He directs attention merely tc to the undoubted 
pete fact that there is another field, and o one which may be of use to the engineer. 
ee 9 In the later theories of combined stresses, strains are the foundation of the — 
. Inthe recent analysis of welds, stress distribution has been considered 
to be represented by two. rectangles, instead of by two triangles. Those 
deal constantly with cases involving the same philosophy recognize the facts — 
— but it usually do not discuss them. Holland, and some European cities, such as 
= and Budapest, give limit-design pr principles in their specifications, a 
allowing elastic computation to those who prefer Se 
_ The lat late F. C. MeMath, | M. Am. Soc. C. E., told i the writer | long ago we 
in any structure, if any adequate path i is provided to enable forces to reach the 
"ground, any other path or paths taken will lessen work required of the structure | 
as a whi In one standard reference book* appears the statement, 
= pea solutions. are offered as illustrative of simple approximate methods 
— oa _ which may often be applied to very complicated problems of this class.” i ; 
other words, this author recognizes the ‘principles of what Professor Van. den $ 
Broek has aptly called “limit design.” q 
In a German work,2? Féppl describes the treatment of structures over 


to protect traffic from falling objects, including this comment: 


In 
Féppl refers to A. Senft,® who apparently treats the more fully. He 
then cites the further case of bomb shelters, where also, clearly enough, limit- 

a design principles were used. Iti is unfortunate thet: the logic of the case was 
not developed to show its many possibilities. nt ai q 

1910 designs for transmission towers were prepared by the writer's 
using limit-design ideas freely. These designs, doubtless because 

of their unconventionality, were condemned by a succession of five different < 


eminent authorities as inadequate to su ustain the required load. Two. sample 
structures, built to these designs and tested at the expense of the company, . 2 
showed a load capacity about 50% in excess of that required as a minimum. — 


77 Chf. Engr., The Canadian Bridge Co., Ltd. , Walkerville, Ont., Canada. WH 

Materials of Construction,” by J. B. Johnson, Fifth Edition, ¥ iley ‘Sons, 

“ Vorlesungen tiber die Mechanik,” by August Foppl, Ninth -Raition, Vol. m1, 


* Centralblatt der Bauverwaltung,” by “A. Sentt, 1915, p. 288. 
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and to similar designs and employing such methods 5 as are advocated oi 
Professor Van den Broek, are in service to-day. - Even yet such steel is often 
gold under a guarantee that the structures will carry the required loads under nae 
Ee test, usually plus some fixed percentage. This guarantee obviates a not im 


probable condemnation should the designs themselves be submitted | for 


_ ‘The logic o of limit design i is inescapable; its application | is ‘simple; and it . 
promotes economy. ye In such a field as that of rivet groups under alternating ; 
ta stresses it exposes a ‘danger not discussed i in current textbooks, and not at all © = 
4 adequately. explored in testing laboratories. These principles are under a kind a = 
of tabu, apparently, although they are familiar enough in some of their practical = oa 
! expressions. _ To determine their field of usefulness makes it necessary to a 
open the windows of the mind, and to encourage a frank Coenen of “whens” 
Gzorce WINTER Esq. (by letter)—The writer has known the e “theory 
of limit design” ever since Bleich® in 1932 developed a method similar to. 
; that proposed by the author. _ The fundamental principles underlying bo both 


_ discussion ar and thus opening 1 new prospects for & more exact theory of design» 7 
based on the criterion of permissible deformation. 


in the author’s treatment (as well as in Bleich’s) is precisely 
question of deformation which, in the last analysis, remains: unsolved. a 


S stegee Van den Broek is to be commended for introducing this topic rll | 


° a design theory that does not provide the means of determining the defor- 


— questionable. mt is the indisputable strength of the theory of yen 
eo that it provides these “means with a high degree of accuracy. Any design 
z theory extending beyond the elastic range should attempt, at least, to satisfy x 
: this : same condition, and even more so a theory which consciously assumes as 
aa its base the criterion of permissible deformation. . This is not the case either 
. is in the author’ s theory or in Bleich’s (the o1 only one which formerly was known — 
Realizing this ¢ deficiency the writer, in November, 1938, undertook to 
_ investigate the bending of steel beams beyond the elastic limit with the main “ee 
_ purpose of its application to what the author, very exactly, ‘calls “limit design. oe a 
The writer intends to discuss herein only those aspects which bear a direct . 


Z = For his investigation the writer has used the same type of idealised agai 


; ‘Strain diagram Fig. 23(a) that underlies the author’s and Bleich’s theories as 
well as other treatments of plastic bending.* Fig. 24(b) represents the stress :: 4 


-™ Research Investigator, School of Civ. Eng., Cornell Univ., Ithaca, N. Y. 


=“ Stahthochbauten,” by Hans Bleich, Berlin, 1932, Vol. 1, pp. 396411. 


= Plasticity, by A. Nadai, McGraw-Hill Book Co., “ Strength of 
— ‘by S. Timoshenko, Vol. 1, D. Van Nostrand, 1930. 
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distribution over after the elastic limit has been e: a 


~ __ adistance 0.5 g above and below the neutral axis the magnitude of the unit fiber " 
3 4 strain is €. . Hence t the differential tial equation of the bent axis of such a beam i is 
in which is of the axis, the elastic limit 23(a)) 
and nd g the depth of the part of the cross-section wit within | which ¢ the stresses are ta 
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bo Fic. 23.—IpeaLizep STRESS-STRAIN CURVES baw tisk 


a than the yield point sy—and, hence, they obey the straight-line law 
Fig. _24(b)). As usual it is assumed that plane cross-sections remain 
plane if subject to this stress distribution, a fact which has been well confirmed | 24 
experimentally in the plastic, as well as the elastic, range.* Since the moment or 
of the ext external forces must ‘be balanced by that produced the stress dis- 
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tri tribution shown in Fig. 24(b), a simple equation of equilibrium determines qfor % . 
a given moment. this manner the writer: has found for rectaigalar 
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Obviously Equations (10) and (11) hold as long as the stress distribution of eis ” % 
M% 24(b) holds and hence can be evaluated as s long as g ” 0. On the basis of a He 
the stress-strain curve of Fig. 23(a) ¢ becomes zero when the moment of the 
external forces becomes equal to the internal moment corresponding to the a - 


tress distribution of Fig. 24(c). Itis obvious thatinthisease 


in which the section modulus Spi is twice! the moment of the area a of the u upper me 


section modulus as compared with the usual elastic section modulus S.. 
28 7 The ratio S, : S. depends largely upon the shape of the cross-section; it is 1. — 
: 4 for rectangular beams, 1.136 to 1.195 for standard I-beams and 1.07 to 1.175 ae: 
‘for wide flange sections. ‘If the moment of the external forces a at any ‘any section 
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Fic, 25.—Loap DEFLECTION Cunves OF A RECTANGULAR Beam AND aN 
Same SECTION MODULUS, Ba a THE SaMeE YIELD POINT, Sy 


reaches the value given by Equation (12), 1 this section has its ultimate 


; bearing capacity. It is transformed into a “plastic hinge”; that is, the two 
_ parts of the beam at both sides of this cross-section can be rotated with respect ae 
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but can n never be reached. completely, the reason that the 
4 <  eurve i in Fig. 23(a) is idealized and for more accuracy should be replaced by 
Ae > 23(b) which includes work hardening. Then, instead of the stress dis- 
a f oe tribution in Fig. 24(c), ‘that in Fig. 24(d) will oceur, i in which q can never be % 
sero, although it becomes very small for ordinary ductile structural steel. 
a — it may be shown from Equations (9) to (11) (as well as from | tate 
performed by. the ; writer) that the difference between the idealized and the — 
= actual state is negligible. In fact the difference between the moment, of 


may be ‘regarded as a “plastic hinge” with about the same degree 
lo bow 19 od The writer has tested the foregoing 
ideas experimentally by means” 
bending tests performed on I-beams 
zi al af “well as rectangular beams. Although 
baw this investigation is not yet finished 
(1939), the results hitherto obtained 
M,=30><1 fully confirm these principles. “The 
> general character of the load-deflec- 
tion curves obtained shown in a 
is z Fig. 25. The curves represent the 
— mid-span deflection of an I-beam and 
rectangular beam both having the 
same section modulus S,. Point i = 
Wig. 2 25, corresponds to the maximum 
moment Mn 8y S-—that i is, to bes 
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S» 


which the: transition from 

AY Distribution 24(a) Distribution 

24(b) occurs; Points b correspond to 

= 8, S;—that is, to the t transition G4 

Distribution 24(b) to Distribu- 

457 tion 24(d),or tothe moment at whicha 


“plastic } hin ge”’i is formed. The experi- 
a ee mental curves between Points a and 
bshow good coincidence with the ones” 
_ computed | from Equations | (9) to (11). 
The parts of the curves above Point b, 
Fic. 26.—DIScUSSION OF CasE 1; 
Ane IN Foor-Kires hinge i is justified because from that 
corresponds to a very large deflection increment. The importance of S,is 
a ‘The application of these principles | to the “theory of limit design” ‘reveals . 
ne _ the following facts: In the author’s Case 1 (on which the other cases are 
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“sorsaannandl 33 Professor Van den Broek | proposes to take | the moment aden Sa 
tion of Fig. 26(b) as the ultimate, and to base the safety factor on this distri- = 
_ bution. — However, Distribution 26(a) is defined exactly; it actually cccurs 
whereas it is easy to show that Distribution 26(b) never can occur. If, after 
having reached Distribution 26(a), the load increases further, the end farce: - 


b 
the curve, whereas the mid-span part is still in section o~a, .. Hence the « defor- — 


ass 


mations of the former are governed by Equation (9), and those of the tetteg 
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‘tie eesential is that means two » entire state 
a% deformation as as well as of moment distribution is defined exactly in the i 
Manner as it is defined in the elastic range by Equation (13) alone. yn On: further 


increasing the load, Moment M,; finally reaches its ultimate value, M = 8y ra . i 


= 30000 x = 45 000 lb-ft to Fig. 24(c) and Equation (12) 


The beam from now on acts as if it were freely hinged, with constant restraining 


moments at the supports (see Fig. 26(e)). . In this state the moment distribu- _ ee : 
tion is determined by simple equilibrium relations and the deflections are still ale 
determinable t by Equations (9) and (13). After a further i increase of the load — 
mid-span section finally reaches its ultimate moment also, ai another plastic 


hinge forms at this point (see Figs. 26(f) and 26(g)) and, any slight further — ee 
a of the load results i in excessive and | uncontrollable deformation. In . i 
entire process the deformations remain in the order of elastic deformations 
2 until shortly before the load corresponding to Fig. 26(f) is reached. (The © 
foregoing ide idea i is the one u underlying Bleich’s theory. The difference between 
- his treatment and the one presented herein is that Bleich did not take into con- 7 
a sideration the f oregoing developed laws governing the deformations and moment 
distributions during the entire process. The method of integrating ‘simul- a oe 
taneously the differential Equations (9) and (18) over the entire span is essen- es 
as - tially the same as that used in the ordinary theory of elasticity for the integra- ; 
a tion of ‘Equation (13) only. Moreover, the equations developed herein are 
still, fundamentally, elastic since the deformation is governed by 
_ the central part of the cross-section within g [see Fig. 24(b)] which remains ae 
elastic until the ultimate | load is reached. ‘However, the actual 


and the | end become t transformed into “plastic hinges” ” (see see Fig. 26(d)). 


<3 ased so far as bending is concerned), the moment distribution of Fig. 20(a  . Zi 
one which is governed hy the venal nringinilas of the theory of 
— 
astic range, however, the end moments exceed M = 8,5, = 
= 30000 Ib-ft—in other words, Distribution 24(b) takes place. Regarding — 
25 as the curve of relative rotation of two consecutive cross-sections as 
— 
a 
— 
— 
= 
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the author’s ‘poneepts, any conditions. 
author himself is well aware of this fact as may be concluded from his remarks F Bs 
a at the end of the discussion of Case 1. However, the writer believes that , con : 
trary to the author’s opinion, these disagreements are far from being “secondary : 
considerations. ” In principle ‘it is scarcely possible to justify basing the es 
safety. factor on an . entirely fictitious state such as Fig. 26(b), instead of on a ¥ 
= clearly defined situation such as Fig. 26(a). The writer agrees fully with the | 4 
es oe author in that ‘Fig. 26(a) by no means represents an ultimate load; but, if i 
a 2 be the safety factor or the working load is to be derived from the criterion of per- . 3 
missible deformation (as it Should), the real and well-defined situation shown 
; fg in Fig. 26(f) is by far preferable to the fictitious one in Fig. 26(b). In 
to these fundamental considerations important practical discrepancies result q 
from the author’s proposition, , as may be shown by the following numerical _ 
a ati example: Figs. 26(a), 26(b) and 26(f), respectively, correspond to loads of = 
ee 10 000, 13 333 and 20 000 Ib per ft. A safety factor of, say, 2 would bring the — 


author’s working load to 6 667, the writer’ r’s value to 10 000 Ib per should 4 


s be emphasized that this value of the safety factor, the same as used by the | 

author, is chosen purely for illustration and not as practical design proposition, 
the question. of f finally deciding the actual value of the safety factor | being : 
rather complex, _ Offhand, a factor of 2 seems to be too low if applied to the — 
ian, ultimate load.as defined i in this paper. In the numerical example the fora Z 
of 2, however, had to be maintained in order to obtain results cone with 


ON ow, suppose that this same beam, ‘instead of consisting of the rooting 

a= A bar 6 in. by 2 in., asin the author’s example, is made of a standard I-beam 7 in. 
My : ae by: 32 in. by 20 lb, which has the same section modulus Se = 12. _ According to 
the author’s proposition this I-beam would be attributed the same working 
load as the rectangular namely 6 667 Ib per ft. _ Bowers, the 


as Hence, t the moment distribution at which excessive deformation actually occurs 


‘a, is that of Fig. 26(h). The: corresponding | uniform load amounts to 15 920 lb 
era _ per ft and, applying again the same safety factor, the working load would be : 
as 960 lb per ft. _ Hence, by the author’s method, an actual safety fi factor of 


= 8 would result for the compared’ with 


= 2.39 for the I I-beam instead of the nominal safety factor of 2; whereas by 
- the method proposed i in this paper the actual safety factor in both cases would — 
be the same, namely the factor selected. It should be emphasized that this 
 elniion of the safety factor or working load as related to the load which 
results i in excessive deformation has a defined meaning 
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tualtestsand 
— ich is obtained from actual te : io 
eoncepts follows clearly from Fig, 25(e) which ms outlined The author 
ent with the theoretical considerations out 


proposes: to let both the deflection curves of which are given in Fig. 
= carry the same allowable load, disregarding their difference in bearing 
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capacity which is rather obvious from the curves. The writer proposes to _ 
determine the working load as depending upon the maximum moment M,, at é. 
which excessive e deformation begins—that i is, essentially, the moments corre e 
sponding to Points 6. The computing work is exactly the same in both ~—e a 

‘yne only difference being that , for the writer’s method, Sp must be known. oe: 

For standard beams this value, as well as the usual Se, could be tabulated. nt a | ae 
foregoing discrepancy results from the fundamental fact that once 
Be elastic range of loading i is exceeded, the usual section modulus S,, as based Lon x a 


“OM Fig. 24(a) loses its significance | entirely an and the only expression that charac- e 


et The author’s stelteed is based entirely on S, despite | the fact that he deals with aa 
a loads beyond the elastic range; and hence the discrepancies follow logically. ¥ ; 

The difference between the author’s nominal and the actual safety factor would a wy 
have been even greater if, instead of the I-beam—S, : S, = 19. 3—a beam m with, a 
writer does not recommend applying the method prematurely 
to actual design. Many questions 1 must be clarified before a solid basis for a es 
“new | design theory can be advanced. . A number of these problems 
presented themselves in the writer’s present experimental investigation. For a ‘ 
example, the relation between the yield points in bending and and in tension, and i ? 
‘the influence of the load or strain speed on the yield point seem rather -problem- E 
atical. The questions of residual stresses in rolled sections and of dynamic — 
loading are also so essential, , with respect to “limit design,” that they should ite 
be studied before a new design method is proposed for ; adoption. Wide possi- 
bilities for research are open in this field. It may be noted that similar tend-_ 
- encies toward limit t design have gained ground i in the field of reinforced concrete — a8 
beginning from the time in 1931 when Emperger raised the question as to the Ss ; 
actual meaning of the ratio n. Extensive experimental investigations have 


iS a been conducted ever since that time and they have not begun to tain oy 


into a new design theory until now. 
author’s important contribution is that he has clearly stated the 


problem of limit design, thus opening a discussion which, it is to be hoped, will — 
‘result in useful new ideas in design. Decidedly, the writer shares the author’ s 
5 belief that, after sufficient additional knowledge has been obtained as to the 
q oN the old design methods, considering the elastic range only, will 


pow of the theory « of elasticity, but will b be broadened to include the exact. # 
Francis E. Smapson,™ M. Soc. C. —For its s pioneering 
_ Properties, this paper is a valuable contribution to the profession. . It shou uld 


, a stir the practicing engineer into a realization that perhaps he has become aa is 
slave to thinking mechanically in terms of working stresses without giving ri . 
ager? “Associate Structural and Architectural Engr., Detroit Sewage rage Disposal Project, 
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sale heed to either elastic or ductile performance for either | structures or 


oe One cannot read this paper critically without becoming fully ¢ alive to the x 2 
Be fact that, with shifting points of contraflexure and with fixity at the supports & ry 


eer! being altered in the process of ductile loadings, a beam loaded beyond its 
elastic limit becomes a most interesting subject of study with all kinds of — _ 


be Br treatment of frames and of riveted joints brings out many points t that — 


x weight they should be g given by the majority of practicing engineers. _ The 4 
_ author states that the practicing engineer seems to have a dread of -“using a 
stresses approaching the elastic limit, and possibly this is largely true. How- 
ever, there are instances in which, during construction, parts of structures - 
ge, _ Inight necessarily be subjected to rather extreme conditions of loading, andin _ 
2 - which : ch designing on the basis of accepted working stresses would result in ~¥ 
a Bs: “uneconomical structure. It is fairly common in such instances for practicing 
use working stresses somewhat higher than those ordinarily 
prescribed. H However, even _ if construction conditions would warrant the — 


- use of higher working stresses than is usual, the structure would be pw Bae Si 
ie to carry its design loading with accepted working stresses. 

= conclusion, it is appropriate to say that the author should be compli- 

Si ens om mented not. only for his splendid paper but for his daring in the suggestion of, 

might be termed by some, a & slight schism it in the  Pealm of thought 


A. Wisz,* M. Am. Soc. C. E. (by letter)—The ph hilosophy upon 

kik the theory of limit design is based appears to bes a sound one, but before — 

Be ea it can be accepted as a basis for the design of structures, it will require much — 
clarification and perhaps amplification. Of the three dicta proposed, the first 

a one is vague and fails to define a statically indeterminate structure. © In one 

sense, all members, reactions, and restraints function to the same end—that of 


pee redundant members, reactions, or restraints in excess of the number just suffi- 


_ Member E H is considered not acting; yet the failure of two members, suchas 
8 H and F H or. Ci F and D P, would suffice to cause complete collapse instead — 


ed that, with 


‘as redundants. Thus, it would become necessary to define “bay” so as . i. 


include only or one of these two members. ‘For more complex structures a 4 


a iam such definition would be. difficult, if not impossibl e. Ass a matter of fact, the 
_ third dictum obscures, rather than clarifies, the manner in which structures may 


fail. In its place, the following is proposed: = 


‘resisting the applied forces without ‘failing or deforming excessively. The 
essential characteristic of a statically indeterminate structure is that it has — : 


j ee cient to maintain static equilibrium. The third dictum is a proposition that c i 
i . not correct. The tower shown in Fig. 15 is at least doubly indeterminate if > 
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reference to any one bay, this structure is singly indeterminate ons 
fore the failure of two members in one bay constitutes the failure of mn +1 
—— 
a 
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structure will collapse completely when a nun 
have buckled or yielded, so that the remaining part of the is 
t statically unstable. The “remaining part” of the structure is defined as that au a a 
part formed by omitting all members that cannot act to resist any increase in ey 
~ Joad, because they have buckled or yielded, but including any forces which they 
“papa. . It must be noted that even after a member has buckled, due to a 
compressive force, it may still be available to resist tensile forces, and therefore, 
_ whenever the increase in load tends to produce tension.in a buckled member, : 
member should not be omitted in the ‘Temaining part of the 


the paper, the tacit assumption is made that after a member has buckled 


=) it will continue to have the same axial stress until the structure collapses. — 


shows a pin-connected member sub- we —| 
straight, and that the axial load is cats x 
bend until the critical or buckling 34 
_ is reached. now, » the distance between the ends is decreased by a die 

i ‘a | - that j is, no part: of it is stressed beyond the yield point. iT The member wil 

aq ; Smal, however; the work done by the load will be stored as elastic strain energy 


of bending. Assuming that the elastic curve is a sine curve 


3 

close approximation for AL ean be be obtained as follows: ‘ 


As long as the material is not stressed beyond the yield point, the axial load will — ee: os) a 
"Rot change appreciably. ‘The small change i in axial load, which can be eter 


i bie mined by using the exact expression for radius of curvature instead of the ap : a = 
value, iy can be neglected i in this When the member be 


comes stressed beyond the yield point at the center, however, the moment there ‘wey = 


Ses be : appreciably increased unless the axial load P decreases. As fibers 
_ Closer to the neutral axis than the extreme fiber reach the yield. point, the — 

‘Tesisting moment will increase slightly; but it will be sufficiently accurate for 


a 

ay 
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axial load will as AL andcincrease,since ‘ling dite 3 


" af Furthermore, as P decreases, the axial length of the member will tend to in 
crease, and this will tend to increase still further. AP the 


is 


Substituting the value of + Ac Equation (19) in Equation (20): 

P unit axial stress due to it will decrease and 
; _ thus the section will be able to resist a greater moment when the extreme fiber v ee 
stress is at the yield point. Calling s the unit stress, in fiber due to 

in A is the area of member. Equation (22) is a cubic, AP the 


& a F. we known quantity to be determined. It can be solved easily by trial when 
numerical values are given. Although the axial deformations may be of the 

order of elastic Adeomstitinn. the lateral deflections will be much larger. - For 

Ns example, a 3-in. by 3-in. by }-in. angle, 8 ft long, will have a buckling load (as a - 


* 


pin-ended column) P= 16 100 It will shorten under this ‘ 

‘other | 0.01 in., lateral | deflection, wi be 96 X 0.01 623 in., or 
than 60 times the change i in len th. moment at the center vil 
be 16 100 Xx 0.623 = 10 040 in. ‘The extreme fiber stress to this mo- 


wil ill be. 23 900 Ib. per 8q in, at. the heel. This stress, 
combined with the stress of = 11 200 Ib per, in, 


ae : “would produce a stress of 35 100 Ib per sq in., a value close to the yield point a 
_ of standard structural steel. Any further ‘Minplacement of of the ends of the mem- ne 
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ber a each other would be accompanied by a rapid increase in lateral de- _ 
ia. flection and a decrease in axial load . Thus a further decrease i in length of 0. i 


in. would r make AL = 0.02in. | Equation (22) becomes, fie 


144X23900/ = APX96 


y yal it will be that AP = 5700 and 
= 


ery large, and the axialload decreases rapidly, 
comparatively simple structure (Fig. 28) will be used to illustrate 
5 principles. _ . Beginning with a load, P, of 200 k 
“determined i by the method of consistent shown i in Table 


¥ 


step being 70.3 


A 
be built So that their : slenderness ratios, — , are at as as 


4 


i= 
and Ac = 1.125 0.6 i 
4 movements of the order of elastic deformations, the lateral deflections become 
— 
— 
— 
4 |. 
computed by Euler’s formula. If the load is increased to 210 kips, 
| Mente A D will buckle. At this load the Stresses will be those shown in — ae 
Big. 20(a). The remaining part of the structure consists of Members B D and 
Donly. Ifaload P = 1 lbis applied, the stresses are as shown in Fig. 29(c). 
Member C D has a margin of strength of 76.5 — 73.4 | 


— 
Comruration or Srresses BY CoNnsISTENT DEFLECTIONS ZONTAL MOVEMENT oF 


(11) | (12)} (3) 


quare inches 


bas 


4.78 | 7.53] +128 | +2.40 | +2310 
0 | 12.03 | 3.24] —312 | —2.60 | +2 630 
4.7815.544 O14+1.00) #£O 
|+4940 


h 
kips per 
square inch 


kips per 
square inc 
square inch © 
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buckles. ‘Thus, if a load of = 11.6 kipsis applied. at Point D, ‘Member 


just buckle, and the added stresses will be as shown in Fig. 29(d). H 


ee ever, this is on the supposition that Member A D continues to exert a force of 


~ Ol. 5 kips. It is necessary to find the horizontal movement of Point D. | 


one in Table 100) which indicates that D moves = -= 0.0112 


left. Equation (16), c = X 0.01128 = 1.41 


St. in. - The would be 41. ‘5 Xx 1. = 58.5 in-kips. The 


6 800 Ib pe 


The stress 0 lb per sq: in., or the combine 


a _ _ stress would be 15 480 lb per sq in., , which is well within any yield point. 
a 4 : - total stresses for the frame at this stage are shown in Fig. 29(b). ' 

foal 


7 
— 
— 
| 
- 
if 
4 


ase ow THEORY OF LIMIT DESIGN 


ce after Member C D buckles. . Member AD is-included since an in- 
= in load will tend to induce tension in that member. Fig. 29(e) shows the a 
stresses due to P = 1 lb. The very smallest increase in load will permit 
_ Member A D to transfer the elastic strain energy stored in it, due to the y previous os 
; movement at Point D of 0.01128 in., into Member C D. Since no appreciable _ 
7a change in load or stress is assumed to occur during this transfer, Member B he oa yr 
will merely rotate about Point B, guiding Point D along a a line at right’ angles 
ZI to Member BD. Therefore Point D moves vertically a distance equal: bell 
x 0.01128 = 0.0271 in. Again applying Equation (16): fi aoid w il a 


and, the moment at the center would be 76 500 x L. 87 = 143 000 in-lb. 


‘The maximum 1 stress due to combined bending and axial stress would e 


630 | lb per sq in. be Assuming ¢ yield 


of 33 000 Ib per sq in., , Member D has a ‘margin of strength of 198. 9 left 
thisstage. It would require an added load of 156 16 kips to produce 


this stress. However, since Member CD reached its yield 
a point, the load in it will now tend to decrease as Point D moves downward, ce 
_ and therefore the stress in Member B D will be increased by this effect. iis 


te it is obvious that the structure will not sustain an added load of 127.6 kips. 
y Proceeding by trial, first add a load of 10 kips; the added stresses will be — 
+6. 4in Member A Dand — 15.6in Member B D, assuming no unloading from 
aa Member CD. The vertical deflection of Point D will be 0.1149 in. (=a 
For this case, AP will be 41 500 lb, the stress in Member A D is changed from NA 
ta 99.5 to + 58.0, and the stress in Member B D is ae to — 254.9 kips. = a 


occurs; the limit load for this structure is about 226.6 kips. T ‘hus, the 
B structure will carry more than the limit load as determined from Members AD a 
a and C D; and, also all three members buckle before final collapse occurs. tig 
cus If a sienilat, step-by-step analysis is s applied to the tow ver in Fig. 15, it will a 

be found that Member C F will buckle first, when the load at the top ofthe 
tome reaches 33.5 kips. It will be found that an additional load of 8 ips at a 

_ the top will then cause the buckling of Member D F, and therefore the structure - 
. will ¢ collapse at a total load of 41.5 kips, instead of the 60 kips for which it was : 
- designed. Thus, it can be seen that the procedure proposed by the author i is” 
- “not valid unless checked by a step-by-step analysis of the behavior of 


to have the same stress after it has buckled as it had at the buckling point. — 
ae One other phase of the subject should be emphasized. _ The dead load of a i ; 


ert: is not ordinarily likely to be increased eeeny, and only the i in- 
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ee matali structures, are penalized i in comparison with others (such a as s steel 
=aas structures). Under limit design, concrete structures would probably have pro- 
Be portionately greater reductions in in sizes of members than would steel structures. ay 
; BHO There is also an inconsistency in the basic paper, in that the author states 
ee ere the theory of limit design, the emphasis is to be shifted from “stress’ 
to “permissible deformation.” | Nevertheless, the paper proceeds to discuss the 
mae stresses chiefly, a procedure which it had previously condemned. Asa a matter 
of fact it does 1 matter whether one uses the limiting or the stress 
“i at which it occurs, as as the criterion for. the strength of a member, e: except in q is 
ae cases where two-dimensional or three-dimensional states of stress occur. Then — 
ie the » deformations depend on all stresses and not on the stress i in the direction of 4 att 
the deformation alone. "Therefore, ‘the subject should be separated into two 
‘parts: (1) Structures with uni-axial states of stress; and, (2) structures with 
id bi-axial o or tri-axial states of stress. — 4 For the first type this discussion i is perti- 
5 nent; for the second type, the question of the controlling factor. at failure will — 
“depend upon the material; for brittle: materials generally, the deformations will 
control; and, for ductile ‘materials, a shearing stress which is also a function of 3 
the maximum t tensile stress, as indicated by the Guest-Hancock, or Mohr 7 


stressed above the yield limit. treatment of the theory of 

limit. design based on the » ductility of steel is destined to meet with serious 
By difficulties as, at the a time, the main features of the theory of plasticity ; 

are in a state of ‘Under the conditions and the assumptions a 


of the theory of limit design. odd a % fliw 


The author asserts that the capacity load an 

structure is reached after (n + have a all Teached 

a = _ their elastic or buckling limit strength . With regard to the danger of buckling, 
this statement, as its general f form, is quite a dangerous one because the author’s 


“in the consideration of compression n members the logic is 


based o on m evidence. Furthermore, the ‘author is not at liberty ‘to choose a 
buckling formula . The introduction of Euler’s formula is not subject to 
. “preference” : its validity is. purely a question of whether buckling occurs 
before the yield point is reached or after it has been exceeded. 
En Marine Trust, Tel-Aviv Port, Tel- -Aviv, Palestine; Lecturer on Bridge 
‘Engineering, He ebrew Institute ‘of f Technology, Haifa beot vit 
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ae cases in practice and that, in general, the assumptions are not valid. Further. | eer 
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As the author states, the load. -deformation relationship a after the buckling 


(see Fig. 30) differs essentially in the | cases of elastic. and plastic 38 
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‘Thus, the behavior of statically indeterminate structures is 


To make this fact clear, the behavior « of the structure in F ig. 31 may be =e: 
: sidered. With an i increasing load, _P, the capacity load of the structure is bast 
teached in different ways, depending on the proportion stresses in, and 
the buckling stiffnens of, the struts and the vertical bar. — ow to, the 

au “theory of elasticity the force acting in 1 the vertical bar has the value \ 1s mi 


aa which A, A, and A, pring are the cross-section areas of the members 


indicated. For ¢= and A= the force in the vertical: bar is Xe 
Because of this difference be- 
tween stresses in the elastic s' state, below pits vs 
the stability limit, the members of the Ay 
structure cannot be stressed to capacity Yor 
different possibilities of reaching the Fro. 31.—A . 


“@ The buckling limit of the vertical bar 1 may be ‘exceeded before ae 


X= the yield point. Under increasing lateral 


deflection of the ‘bat and almost constant buckling resistance “ay 
s Fig. 30(a)), the forces in the struts increase gradually, until their elastic we ag 
vd buckling limit (and, with it, the 2 capacity | load of the entire structure) is reached. ne a 
Hence, the structure "eollapees’ under stresses which are, in all members, Yalow 

(6) The buckling limit of the vertical bar may be reached after ‘the stress 


we exceeded the yield Referring to Fig. 30(6), the resistance of the 
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decreases considerably with i increasing involving a 
<i rapid increase of the forces acting in the struts. Subsequently, their buekling | os) 
war limit is reached and the structure collapses. If the e buckling resistance  - 
R struts and vertical bar does not differ essentially, the actual capacity load of iy 
a structure exceeds only slightly the capacity load based on the buckling 
-* limit of the bar itself. Only if the stiffness of the struts has a far greater value i! 
than that of the vertical bar may the actual capacity load of the structure 
exceed, greatly, its apparent capacity load, based on the of the 
illustrate the rapid decrease of buckling resistance in a bar, a0 the stress 
of which has exceeded the ‘yield point, Fig. 32 gives the results of tests on 
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32.—RELATION Berwasn Force AND FOR Fie. 
Deckers or ECCENTRICITY. GATION CURVE OF STEEL 


redundant steel bars with a yield point of 33 500 lb per sq in. relationship 


of load and the decrease of the vertical distance between the end points of 


= 


It may be from the foregoing that the behavior of a redundant 

‘compression member of a statically indeterminate structure, stressed to 
capacity under continually i increasing load, differs essentially from the behavior 


a tension member, wander similar conditions. The “fear of buckling which, “g 
on a as the author remarks, “appears s deeply ingrained” i is fully justified not only © 
from the point of view of the theory of elasticity but even more from the point 
u of view of the theory of (plastic) limit design. Hence, Bleich’s statement*® 
ee ~ concerning con compression members is correct: The theory of limit design must 
never be applied to trusses. The statement by Professor Kist,'* however, 
‘a that “the engineer need not apply the theory of f elasticity i in order to assign 
values for statically indeterminate quantities” i is exaggerated; ‘it applies only 
ey to a very limited monies of structures; and, in its general form, is one to 


i Three Contributions on the Looting Question of Statically Indeterminate Sted 
Trusses,” by E. Chwalla, Publications of the International Assoc. for Bridge and Structural 
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Until” now one rere not been considered. In practice, compression 7 


members do not consist of bars of rectangular sections, but of angles, channels, — 
and joists. The stability limit of such sections is generally not reached — 
gradually as assumed theoretically for rectangular sections. The particular 
$3 form of the section almost always” causes elastic or plastic buckling, with 
simultaneous torsion, bending, or premature buckling of the flanges, and with 
an almost instantaneous, abrupt loss of the buckling resistance. . This phe- baa 
nomenon leads to a load-deformation relationship of plastic buckling which 
is far more unfavorable with respect to the influence of the resistance of the - 
“compressed member on the capacity load of the structure than the load- 


deformation ‘relationship assumed in the theory of limit design. Pati 

The behavior of compression members in trusses, as sxsumed i in the 

x4 paper, is only one of the features that makes the general conclusions srt om 53 


the author open to criticism. It will be shown that the assumption under- 


‘The assumption of an ideal plastic behavior of the material, according to a “33 a 


Fi 2, has proved to be valid only for special kinds of steel and under oo a 
~ forms of loading . During the past few years the e foregoing assumption has 4 


been strongly opposed by various writers. Their objections | are based on a wee 
; se considerable number of tests which have shown that the existence of an ae 


yield point (Fig. 33), as well as the apparent rise of the yield stress, | due to a 


& non-uniform distribution of stresses over the sections (asi in the case of bending), ie a 
- ¢auses an elastic behavior of the structure far above the limit assumed on the ma ; 
at basis of a theory developed from the ideal plastic behavior of the material. 
ay The: upper yield point i is only partly influenced by the quality | of the. material = a 
and depends to a great extent on the velocity of the loading.© © For 
applied loads the ratio of upper & and lower yield point will be greater than for ae a 
ly applied loads. bof This is explained by the occurrence of the upper yield . ae - 
which may be as a “retardation of yield” similar to the 
phenomenon of t the retardation of the boiling point of liquids. Instantaneously 
loads cause the upper yield point to drop. 
1 _ Furthermore, it has been proved by tests that in many cases the maximum Rar ioe, 
ee in beams under loads have reached values considerably exceeding the ae Re ; 
yield point of the material established in the tension test. This “taised yield _ 
a point” may amount to 1.2 to 1.7 of the yield point, in pure tension, depending ae a 
: a on the cross-section of the beam.. - If the load is increased still further a 33 
‘cross-section reaches the plastic state instantaneously over its full height, and 
2a * stresses show a sharp drop from the upper yield point to the value of the ae eg 
yield point. Local instability (as, for example, buckling of the flanges, 


tr. 


= 


(sg bending or torsional deformation) is often the result. The assumption of an \ 
ideal plastic behavior of the material as proposed | by. the author, therefore, 


On the other hand in the design of bridges f f 
e other hand in the design of bridges atigue is ar more important — 
2 Pa than plasticity. The occurrence of pulsating and reversed stresses will aoery mie 


“General Theory of Plasticity,” by A. Freudenthal, Rept. I, 
Congress for Bridge and Berlin, 1936. 
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the design of bridges on the basis of the limit of the material. 
— ee ‘Such: a design will require a higher factor of safety than would be required — det 
by (plastic) limit design; therefore its use for such cases would always 


Sonar endurance of a structure is particularly influenced by | the form of the 2 ze 
. : connections. It is diminished by notch action in gusset-plates as well as in . 
% = welds, and by the thermal residual stresses in and around welds. One 1 may % ey 
—- conclude, therefore, that even under conditions favoring the application of ‘the | a 
a. theory of limit: design in the proposed form, the connections between the 


P. members will always represent weak and critical points where the validity of F 


. : = a design based on the e ductility of the material alone may become questionable. 3 : 
(4) ‘The general conclusions to be reached on the basis of all the afore- 
ay vi ee mentioned facts are that the theory of limit design, in the form presented | by ; 
author, is. applicable but to an extremely limited number of structures 

6 under permanent or slowly changing loads. it must not be applied to trusses 
E even under fixed or slowly changing loads. In the design of bridges, where 


endurance limit of the material, and the notch-action in the connections 


7 are the dominant factors, its application would not be justified. — 

au - Although the structural er engineer is certain to be aware of the limits a 

the theory of elasticity, it does not seem justifiable to recommend its abandon- 4 

ment in favor of an unqualified acceptance of the theory « of (plastic) limit — 

design. © It is certainly appropriate to endeavor to develop a theory which — + 

most t closely ‘fits t the facts ; but the theory of limit design, as | presented | by the 

author, can scarcely be regarded as fulfilling this requirement. ‘Therefore, 

= ae within certain limits, the theory of elasticity will remain the basic theory for = 

structural engineer, “provided that the factor of safety is established on on 

. _ the basis of a thorough understanding of the actual behavior of the structure. & “4 


“4 This 1 may involve revision, the abandonment, of 4 
fi , a The author is to be congratulated, Torre for having stressed this 


: “4 Hans Buetcu,“ 1 Esq. (by letter).— —In his very instructive paper 


ae demonstrating the practical use of the theory of limit design 1 the author extends 4 a. 
application to trusses. Such extension is not permissible because it 
hg ce necessary that all compression members be so proportioned that the stresses 5 |S 
a will never reach the buckling limit. is true that, if a compression 
member is loaded to its buckling capacity, a slight buckling will appear, the 
effect being t to shorten the bar 80 that some other bar will begin t to carry. the 
load of the compression member. The extent of the buckling is limited, 
however, and must be very small. the bar bends beyond a certain limit A 
% ey it can carry only a part of the full buckling load of the straight bar. An on — 


investigation of this permissible limit shows that, generally, compression — 
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members saint be as as is the theory of limit : 

For simplicity, consider only the top panel of Fig. -15(a). . According to 
ue force diagram (Fig. 15(f)), the forces in Bars c and d are assumed to es bam 


ting 


ata i is legod vi 


“the loads P =1 and F, = 1, In Table the total stresses induced 
Load P = 1 are F,’ and F,’ ; and, the total stresses induced by Load F. =- 1 a 
are F,” ‘The change > in th the length 4- D one by the force 


and, the change produced by the force F,= —lis 


e Columns (7) and (8), Table 2). Thus, it is stent that 
= l = ar If the change in the length of Ber c, caused by 
buckling of this bar, is called A, the general equation for ‘the force F, is 


4 
: 
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— 
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Bar ci reapéetively. is required to compute'th 
og _ of Bar c in order to produce the M equired to compute the shorteni ag ee: _ 
| 4 
as 
> 
4 


Total s stress, | Total stress, th of | A, 
toa| member, L,| in square 

oad | in, inches | 


rye 


+85. 


135000 + A = = 0.083 i 


waves to be parabola, ~ ‘The two parabolas must be similar 80 
that The difference betwe een the length of a a and the 


its chord i 


Paw 
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att 
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TABLE oF Srresses THE Top PANEL oF Fic. 15(a) 
—- od ig. 
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_ 176.3 60 000 - 
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36 section Bar c with its center - of gravity, 7, G, 
the eccentricities, ez and ey, of the load with respect to the X and Yaxes. The _ 
eccentricity is ez = ey = 0.707 y2 = 0.83 in.; the area of the cross-section » 
7 A = 1.69 sq in.; the moments of inertia are Rie = 0.83 in.‘ and Iy = 3. 22 in. ay a 
the greatest stress will occur in the corner of the 
This stress exceeds the elastic limit of 30000 Ib per sq in. The aint? bys 
. bar with a deflection of 1.19 in. is not able to carry the full buckling load. or. 
“It follows that the entire system is unable to carry the load for which it was: 
originally designed. The assumed redistribution of the load between Bars ¢ ne i 
ne : and d can never occur because Bar ¢ would have to buckle so much h that ide a 
would lose about two-thirds of its buckling strength. ye 
fe me This example leads to the conclusion that either all compression members 
cd be safe against buckling or, if a bar can be loaded beyond its buckling 
ay ‘strength, the truss system without this critical bar must be able to carry — ‘he - 
i entire load (the small loading capacity of the buckled bar is neglected). <4 
made use of the latter possibility a long ago in 


If the theory of limit design, limited by the foregoing statement, is used 


4 for the design of trusses, there will be no economical advantage over the theory | a 
— of elasticity, except in a few special cases such as the aforementioned case of * a 


trusses crossed . It was with this conviction that the writer 

§. Nizs,® Assoc. M. Am. Soc. C. E. (by letter) —The interest- 


a3 ing question as to the proper method of determining the factor of safety of an 
7 engineering structure is reviewed by the publication of this paper. “ In practice 


= 


the engineer has to choose between two classes of ‘design methods. At present 

A many structural engineers use what may be termed ‘ “working. stress methods” ei a 


J in which they compute the stresses that would be developed by the maximum - 
probable loads and 80 proportion the structure that these stresses do not ex- 
ceed the “allowable working stresses” of the materials used. These allowable 
working stresses are obtained by dividing the pertinent “ultimate stresses” by a “st Le 
the desired factor of safety. The alternative i is to use what may be termed an a 
“ultimate stress method” in which the maximum probable load is multiplied a a 
by the desired factor of safety to obtain the “ultimate load.” The stresses aa i” 
: that would be produced by this ultimate load are then computed and the aaa: 
structure so proportioned that these stresses do not exceed the appropriate 
= stresses. The method of “limit design’ described in the paper is eae 


obviously in the latter class. The antes may protest against describing it as) 


Tat “Prof., Aeronautic Leland Junior Univ., , Aero Laboratory, Stanford 
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on ‘THEORY OF LIMIT ‘DESIGN 2 


a comparing since hec that emphasis should be placed 
S deformations rather than on stresses; but it is difficult for the writer 


5 most clearly by the aid of a numerical example. y Suppose it is desired to 
oe determine the adequacy of a 1- -in. square bar of steel, 40 in. long, | to carry: 
simultaneously an axial compression of 6 250 Ib and a uniformly distributed 
transverse load of 5.5 lb per in. . Itwillbe assumed that the bending moments at Jee | 


s each end is zero, that Young’s modulus i is 30 000 000 lb per sq in., and that the a 


E compression yield point of the Db per sq in., is the appropriate | 


4 ultimate stress. For the 1-in. square eeuannentio’ the moment of inertia, J,is 

and the section modulus, is The formula® for the maximum bending 


in which: w is the transverse load; L is the length of the member: j= 


sh | ~=éBisY oung’s modulus; 1 is the moment of inertia of the cross- -section; and, Pis 


18 If the desired factor of safety is 2.0 and the working stress method is used, 

the maximum permissible value for the total unit stress, LT + ——, will be 


"hf 


18 000 Ib bed ‘Using Equation (26) to ine! 
=0. 5403; and, sec ( = 0.8508. Then Maen 5.5 X 400 X 0.8508 


ee +1872 x 6=17 482 Ib per sq in, Thus, a according to this method of com- q 
 putation the member in question would be ade , the desired factor of 
safety having been provided with a margin of about 3 per cent. 


Suppose, however, t the investigation we 


+ 1 872 in- lb. ae The total imposed stress is therefore f = = + LS 


method. The analysis would then be made for an axial load of 12 500 Ib a acting 
"ol z in conjunction with a transverse load of 11.0 lb per in., whereas the allowable 
total stress would be 36 000 Ib persqin. From these data, . jf? = 200;7 = 14.14 


= 0.15615; and, 1 — sec - 5.4 4041, Then Muss 


” by Alfred S. Niles and Joseph S. Newell, John Wiley & Sons, 
‘New Cork, N. Y¥., 1938, Val. II, Second Edition, p. 98.000 
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= u 889 i in-lb, and the maximum unit stress becomes i= 83 834 Ibs per ra 


on the design sizes. ‘Using the w working stress method the 1-in. J 

rod was found adequate by a small margin; using the ora 2 stress 1 method, — ; 
however, it was found inadequate by a large margin. ‘Cian 
AOS The ultimate stresses that may be used in either past of procedure are of ‘ 
various kinds. — Some, like the ultimate tensile strength, are the maximum we ae 


 abeanes that can be resisted without causing fracture of the material. — Others, 
like the yield point, are stresses at which plastic flow and permanent set begin 65e Kae 
to be excessive. Still others, like the stresses used in column design, are those 
_ at which a member becomes unstable, due either to elastic deformation, —s 

flow, 0 ra combination of the two. Finally, there : are ultimate stresses in 

common use, like the modulus of rupture, which are not true stresses but vor 


“convenient numbers which represent, indirectly, the maximum load that a 


Before an intelligent selection can be made of a general method of design 


waa 


- ‘The most serious type of failure i is 
“Simple 
y peohtne of this are failures of a truss due to the elastic buckling ig of a long slender 


strut or to a tension member being pulled away from its anchorage. In some 


structures, however, instability and collapse may be preceded by excessive 


& ‘deformations due to plastic flow, and such conditions are properly to re 


garded a as constituting a type of f failure. The elongation of a bolt hole due to 

-over-load i is an example of this t type, and may be termed ‘ “plastic failure to ae afl 

__ Inorder to obtain the most economical designs consistent with safety, yeti oe 

Pa types of failure must be considered, and it is advisable to use different ultimate ne oe 

stresses and factors of safety for the two types. This has been | the normal — | 
practice in airplane design for several years, and it has proved to be quite 

igs ‘The factor of safety that should be provided for any specific’ part vale 


_ appropriate ultimate stress, ‘aa since e experience has indicated that a factor of Li 
safety 0 of 1.00 is ‘sufficient, that is the value specified by the Civil Aeronautics “ 
requirement is governing only where it ; would take a much 


= load to cause collapse than that needed to produce excessive plastic 
flow. Itis also equivalent to the author's ’s proposal that a design be checked to 


e, but it illustrates the difference between ; 
hods and shows that the decision as 
the two basic metho 
ae 
‘ 
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ble load will not cause stresses in excess of the 
the maximum low factor of safety against plastic = 
j The justification for such a low e exceeded 
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“ae The factor. of safety to be provided against instability failure, however 7 
should exceed 1.00 since otherwise a load in excess of the assumed maximum = 

i that is probable would be likely to cause a disastrous collapse. The desirable 
am ‘magnitude of this factor of safety depends o on many influences, including the — 
i importance of weight economy, the reliability and precision of the methods of 


_ analysis, the > uniformity of materials used, and the quality of workman pship to 


ae be expected. - . In aeronautical work the importance of weight economy is so 4 


great that a factor of 1.50 is the usual value, but larger values are specified 
~~ members and types. of construction 1 for which experience ha “e ti it to be 


a of safety to be dangerously ey the writer believes a few explanatory ms. | | 
& are inorder. It must first be remembered that these factors are not appliedto 


é. a the loads encountered in normal flying, but only to the most severe loads likely ; 
The factors 


a to | be encountered in strenuous maneuvers or very rough air. . The fact 


foregoing values. Secondly, the maximum load to which an airplane can be ’ 
a. subjected i in flight can be predicted with m more confidence than the weight of the 
heaviest truck that may try to cross a new highway bridge. In the third place, 
$4 tae airplane designers have the benefit of many static tests to destruction to guide . 

om them, but full-scale destruction n tests 0 of bridges s and buildings : are most unusual. % : 


ae As a 2 result, the airplane e designer can be more confident that he actually has 

“a provided a factor r of 88 safety of 1. 5t than many designers of other structures can 
+ be that they have e provided their nominal 2.0 or more. Finally, the fact should 
be mentioned that major structural failures of airplanes are very rare, and» 
therefore consider that, although the factors of safety 


they use are very ml they are 8 adequate | if proper care and skill are used in 


_ ‘The factor of : safses may be Faith a as either the ratio of the ultimate stress 


4 to » the stress produced by the maximum probable load, or as the ratio of the 
= load that would cause failure to the ‘maximum probable load. The use of a 


‘working- stress method design implies the use of the former ‘definition, 


whereas the use of an ultimate-stress method implies the latter. internal 


“ stresses remained strictly proportional to external loads right u p to the point 
of failure, it would make no difference which definition and rath’ of design 
the: rather than the the second definition results i in 
_a lower value for the factor of safety for a given design than the former. eal 


as Ki: common type of structural member in which the internal stresses are not 


directly proportional to the external loads is the “beam-column,” or member 


_ subjected to combined axial compression and transverse bending loads. — If 
such a ‘member is subjected toa loading that produces a. maximum internal 
stress equal to half the ultimate, the external loads can be increased until the 
maximum unit stress: before failure takes place. This r will 


- deformations of the structure which normally could be repaired satisfactorily. 


ee provided against the loads encountered in normal flight are several times the 
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when the factor of safety i in terms of unit stresses is 2.00, it would be less th than rae 

‘ 2,00 in terms of external loads. In situations of this character it appears e 
much more reasonable to define the factor of safety in terms of load than in 
_ of stress. A logical consequence is that an ultimate-stress method mf 


rather ‘than a a working-stress method should be used in design. waists oldiause 


5 method permits a designer to check the ‘reliability of his methods of anslysio ie 
| __ by static tests to destruction. If a structure is designed to a a factor of — 

é of 1.50 by an ultimate-stress method, the static test will show, clearly and 
directly, whether or not the desired end has been achieved. | However, if if it 
is designed to a factor of safety of 1.50 by a working-stress method, it is prac- _ is: 
tically impossible to use destruction tests to determine whether the desired _ 
end has been achieved. In such a case it may be that the tension members — % 


: Beans not fail until the structure is subjected to 1.50 times the design load, ‘ a 6 
whereas some members may be expected to fail under 35 


<e | designs made by a working-stress method by means of static tests to ae 
involves a mass of interpretative computations which are of doubtful validity. 


% ‘proportionality 1 to the external loads i is small, the factors of safety provided are a 
"relatively large, ‘and weight : saving is of minor importance. As a result, work- a 
mi ing-stress methods of design have given satisfactory results. In airplane 
fos design these conditions have not obtained. | Types of construction are in com- at 
mon use in which the deviations of the internal stresses from strict | propo 
tionality to external loads are large, factors of safety are relatively small, and 
we weight saving is of the utmost importance. Asi consequence of these 
8 tions the airplane designers have, for a long time, been accustomed to using a i 


stress methods of of design. pod ai boy Hout He Bic 
‘al 


be added after the yield point has been reached is For 
design of such members against instability failure the yield point of the ymaterial 


ik is logical ultimate stress to be used i in Practice. Other types of members, 


at load after the yield point has been reached before they collapse. _ The writer is ek 

‘es in complete accord with the author in protestingpgainst the use of the yield | 

as the ultimate stress in the design of rew parts. 
rticu 
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design load, their adequacy would have been establis ed, sdequac 
feasible), the designs must be made by an ultimate-stress method. 
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‘must be considevet! in the of the 
caused the ultimate design load under the assumption that the stress distri. 
: a3 bution would be the same as if the material remained elastic, even though it a 


is recognized | that the resulting computed ¢ stresses are e fictitious. This i is the 


ss  gtresses. The most common practice is to compute the stresses that would be 


= lid. 


96 Fits some other types of structure this procedure is inapplicable, : as some — 


parts will buckle elastically under a fraction of the load needed to cause failure 


continues to carry the load which caused the buckling but 
ee _ refuses to carry any more when additional external load is imposed on the 


Same Thus, when a plate girder with a very thin web is subjected to 3 


—/ bending under low loads, the shear on the girder is transmitted pris 


Sc “a buckling would result in instability and collapse of the entire beam. When the 
"stiffeners are provided, however, increases in shear can be carried by increased | 


> 5 diagonal tensions in the web, compression in the vertical stiffeners, and suitable 


q 


—_ a3 ling of the web into wrinkles were considered to represent failure, the ultimate — 
ay e strength of the girder would often be only a small fraction of the load actually 
 required.to cause collapse. The | airplane designer recognizes this fact 


actual capacity of the girder as its ultimate strength for 


Bsr the m more conservative method is to: disregard the diagonal c compressive 


ri however, prefer = include these ¢ compressive stresses 


+ 


_ are reached in the stiffeners, the entire structure collapses. One might say a 


toe, that the proper method of design would be to consider only | the strength of of 


cee. ro stresses in the chord members, and that is just what takes place. _ If the buck- Re 4 


‘te stresses that are actually carried across the wrinkles. — Some airplane designers, 2! } 


elastically under relatively low loads. As the loads i increase, the width ofthe 

_ buckled sheet also increases, increments of load being carried by the stiffeners ‘iB A 
and the parts of sheet adjacent to them. Eventually only the stiffeners are “s 

be able to provide resistance to increments of load, and when the critical stresses cs . 


— 


“pore a hw 


2 


= 


= 

‘sf 
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- determined. An example is a beam subjected to simple bending. At 

mum load the actual maximum unit stress in such a beam is difficult to 

i 

i 

ar q _ into diagonal tensile and compressive stresses acting at right angles to each 

a ag Be other. As the external load is increased, the diagonal compressions cause the Pa 

q j | web to buckle into a series of waves or wrinkles parallel to the diagonal tensile — = ee 
| 
W 
as 
_ co _Asimilar situation is found in the panels of thin sheet metal with longitudi- ff , 

stiffeners that are frequently used in the construction of airplane fuselages. 
di 
itm 
tod 
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the ultimate load is approached in computing the 2 strength of the panel. This 

is not the practice, however, as the parts that have buckled elastically are still 

carrying some of the load, and the carrying capacity of those parts is included i, 4 

in computing the strength of the unit. The magnitude of this supporting — 

effect of elements that will have buckled elastically is often difficult to pre- esc 

‘dict, and the question is of much researeh, both theoretical and 

fo Although it is common practice in airplane design to take cognizance of : q 
the changes in stress distribution due to elastic buckling in computing ultimate 

- donde it is not usual to do the same with respect to changes in stress distribu- a ee. 

tion caused by plastic | flow. There would appear t to be no valid objection to 

offers certain suggestions along this line, but some of bis. detailed pro- 

Inhis first case the author assumes that after the elastic-limit has been 

reached at the supports of a beam fixed at both ends, the section at each support bs Ss i 
; | te as a pin joint. — Thus, if the load of 10 000 Ib per ft produces : amomentof 


E 000 ft-lb and that moment produces the e yield- -point stress in the outer 


fibers, the r resisting ng moment at the | support under a load of 13 333 Ib per ft Pat 
will also be only 30 000 ft-lb. This i is far from being true. — Under 10 000 Ib a 


ie fibers will be subjected to the 3 yield point. stress, and the resisting ‘moment will a 

:- inerease. The result will be that the movement of the points of inflection to- we Re 

or ward the supports will be less than that estimated by the author r. From this it s 
might be argued that the author’s method is conservative, anal that may be — 
4 true, but before applying it in practice a-more careful study of all the factors 


assumes to exist. conclusions may be useful in stimulating research but 
4 ~ should not be used as a basis of design until the distribution of such strains aa 
4° Another factor that should be given ‘careful study adopting the 
author’s detailed procedure for cases involving plastic flow is the shape of the 
stress-strain diagram of the material used. Ordinary structural steel has 
definite yield point, but this is not true of structural aluminum s alloys, stainless 
‘ steel, or many of the high-strength steels that are e coming into use. _ This means % 
that an important factor underlying the author’s proposals i is lacking = , 
- applied to the materials used where economy of weight is an important con- — 
if - Sideration. His theory may be modified to apply to these materials without 


_ - definite yield points, but for ‘these, | as well : as for structural ste el, it requires re 


i 


a 

§ ‘unloading and repetition of load, but omits any consideration of the 
over the eross-section of the residual strains and internal stresses that he 

‘a ‘ 

— 
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A. Proms, “ Esq. (by letter) —When the stresses in some basil ii the 
Ee - my indeterminate structure reach the plastic limit of the material, other 4 

less stressed parts come into play, thus « causing a better distribution of stress. Ge g 
‘This equalization, commonly called “self help’ of the redundant structure, is 
the thesis of the author’s paper on limit design. pits tee 

Pabes. some instances, this equalization occurs quite naturally, without the ‘ aq 
of the plastic property of the material. In a beam fixed at bothendsand 

carrying ‘a vertical concentrated load in the middle of the span, for example, 
= ae bending moments at both ends and in the middle are equal and of opposite : 
_ Within the elastic limit of the material, therefore, the ratio of positive 
sngative moments is 1:1. Such cases are rare, however, and, in general, — 
WF ~ recourse must be taken tc to the plastic behavior of the material, if an equalisation oe 
Tn this thought provoking paper the author treats the fixed-end ‘beam Pa | 
Unfortunately, the use of this structural element is rather 
stricted i in practice. Continuous structures—beams (which are very 


= 


= —_ 


structures of these types. can be analyzed conveniently bya means of 
1 caused by the plastic 


a me of the material. As soon as this stage i is reached, imperfect hinges are formed a4 
a4 in places where the bending moments have their greatest value, thus relieving — 

i the strains by redistribution. — The ensuing greater freedom of motion in the 
structure can easily be counterbalanced by the remaining numerous constraints 


of the manifold redundant structures. “* In 1 the light of the theory of plasticity, — q 5 


et emergencies, including settlements of ‘supports and ‘destructive 
_ This is quite the opposite of the results obtained by the elastic theory. Bale 4 


_ Although the theory of plasticity is readily applicable to steel structures, a 4 
in the case of reinforced concrete the problem is more complicated. — In this .* 


composite material, only the steel reinforcement has a well-defined yield point; 


the concrete is a brittle material. However, as G. von ‘Kazinesy has shown 


experimentally, ‘the ¢ compressive strength of concrete remains ‘constant during 


; _ the initial yielding of steel. On the basis of this fact it is possible Bad develop 
a theory of stress analysis and design. oh 
statically determinate e framed si structures it is always possible to stress 
all bars to the limit; but it is never possible i in internally redundant frames, if 


the dimensioning is done in with the elastic: theory. such 


Der Momentenavagieich Traggebilde im Felix ‘Kenn, 


“Die Plastizitit des Bisenbetons,” yon Kazinesy, B Beton 


‘a 
4 
a 
@ 
: 
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| 
— 
| 
; 
| 
if 
— 
q 
a ee of the frame, Consequently, the greater the number of r the reserves (ee 
r of redundants in relation 
— 
— 
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| ON THEORY OF LIMIT DESIGN 
: to the remaining bars, the greater will be the economic advantages by : wntalains 

Framed structures designed either by the elastic or plastic theory are 
# perfectly safe. _ The advantages gained by the use of the theory of plasticity 


are economy of material and simplicity of analysis. Thus, the most economical — 


solution can be found with the least effort. 


Redundant compression bars cannot | be included in the analysis” of the 


structure for the following reasons: When the buckling strength is reached, the a 
2 resistance 0 of the bar ceases and the supporting capacity of the redundant frame ag oe 
is reached almost instantaneously. This has been demonstrated by several Be og 


tests. The factor of safety is much larger for compression than for tension» 

bars. The latter can sustain considerably plastic deformations without greatly 

endangering the safety of the structure. However, as soon as the former reach 

their buckling strength, the frame will collapse immediately. redundant 


tension bars having a smaller factor of safety will reach the plastic stage > earlier a = 


‘than the redundant compression bars with a greater factor of safety. = 
For example, by removing the redundant bar of a frame, statically indeter- 
Xr minate in the first degree, i in which the tension ‘Teaches the permissible stress _ aa * 
frst, a force is ; applied i in the direction of this bar equal to the s allowable unit a et ; 

tensile stress multiplied by an arbitrarily chosen cross-section. This force, 
re - combined with the external loads, determines the axial forces of the bars, which = 

7 later are dimensioned on the basis of the allowable unit stress. In designing ~ A = 

i framed structure in accordance with the theory of plasticity, therefore, the a 
permissible unit stress is not eliminated. method proposed i in this paper, 


design framed structures for an over- load capacity in order to avoid the 


the following a simple exam le 


i will illustrate the points in question: 
cantilever frame composed of 
ee Bars ab, ac, and ad, Fig. 37 has a span \ 
of 6.5 ft, carries a load of 75.0 kips 
be and is statically indeterminate in the — 

first degree. All double angles are 
‘ ie, back to back, and all bars have \ a 


_ force in any of the three bars can be chosen as the redundant. quantity. a ig 
In the present case the axial force of Bar ad i is taken as the redundant. Inas-— Eres 
much as the frame has one degree of statical indeterminacy, the stresses in one Ce ze 3 


bar only cannot be utilized completely. This is Bar ac, as the results of the _ a aS! 


elastic theory have shown. After repeated trials, the most economical solution 
Zuschrift,” by E. Melan, Der Bauingenieur, 1938, p. 488. -. ; 


BC Drei Beitriige zur Frage des Tragvermigens statisch unbestimmter Stabwerke,” by ef 3 


24 alla, International Assoc. for Bridge and Structural Eng., 1983-1984, Vol. Il, 
98 See also “ Versuche mit innerlich statisch unbestimmten Fachwerken,” by G. von 
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‘ ieinhiinendi as given in Table 3, in which the solution of the statically 4 
determinate frame is included for the purpose of comparison. 
reorting to the results of the elastic theory, Bar ad is the only tension m2 
aaane ‘intheframe. Even ina different combination of f sections and possible 


3.—Various SOLUTIONS OF THE CANTILEVER FRAME IN Figure 37 
Fi) 


Dimensions, force, | in ki Dimensions, | force, | in kip: Dimensions, 
ininches | in inches ute in inches 


q 


2—7 X34 X4 -8 | X24 —_ 8.0 +17.6 
2—6 | —206.0 | 2—4xX4xX4 2—4X4X4 0} —148 


ee of s sign in Bar ac, the tension in Bar ad will diwae reach the permissible > 


stress first. In all cases Bar ab is under compression and consequently i m?. 

excluded from consideration. this reason only Bar ad can be subjected 


By removing and replacing Bar ad by a tensile foree, ‘equal to the product 
of allowable tensile stress by an arbitrarily chosen sectional area, the axial 


ete 


| 


oo forces in the other bars are determined by statics. Selecting for Bar ad a i 
smaller section than that given by the elastic theory, it is obvious that the : 
a in this bar will be nearer to the plastic: deformation than in all other 


+ 


bars. However, inasmuch as these bars, in accordance with the design, possess 

: ae greater reserve strength, it is obvious that the force distribution or equaliza- — . 
ein tion of stress will take place below the limit of safety . The data of the ds 

analysis based on the foregoing theory are also given in ‘Table 3. att 

pany determinate with the redundant frame, tie 


5 per the other’ hand, comparing the of the theory of 
plasticity with: those of the elastic theory, the savingis 11.5 percent. 


= structures. Tests on a a continuous, framed beam have rember ee that this 


NisHxian,” M. Am. ‘Soc. C. E. (by etter) —Many experienced 
ee structural engineers have long recognized that, generally, in a redundant 


structure those structural elements best able to resist any given set of forces 
i = will ultimately carry the major part of the load if the structure is sufficiently 
loaded.» (The term “redundant structure” as used herein does not necessarily 
a structure wit with more than the minimum 1 number of members. 
* - continuous | beam or other indeterminate structure where all members or all _ 


Tragfihi eitsversuche an einem durchlaufenden Fachwerkbalken aus by 
G. Griining and B. Kohl, Der: 1933, p. 67. 
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ON oN THEORY LIMIT DESIGN 
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bp 


4 


2 


__26600 Lb per 


| 
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limit, load distribution is based on the principle of relative rigidities, whereas, , $1 
beyond the elastic limit, , the distribution would tend to ap . 


atLevell 

ine indicates 
| __—Wwale in Deflected 


a 


| 


Loading on Wale B at Elastic Limit 
te, 


7. 
_ 1340.4 Ft-Kips Resisting 
! Moment of Wale B at Elastic Limit 
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ply 


> 


4 engineering literature, at least not quantitatively. 


in a coffer- — 
did 


NISHKIAN ON THEORY OF LIMIT DESIGN 
: parts of the same member are not working at equal efficiencies would be oS 
redundant within the present meaning.) In other words, within the clastic 
> 
— 
— 
| 
| 
Although the general principle is recognized 7 = 
2 is used bys fow thie idea bee not been presented in American 
this subject and its logical corollaries. <= 
January, 1939, the writer observed an accidental condition 
dam which, under the usual assumptions of 


708 


the load on the wales resulting from the water pressure when pumped out toa es 
level just below the lower wale. sont! a aA 
_ - During the driving of the sheet-piling, apparently the corner of Wale A 


Fig. 38, was s caught by the lower end of the pile with the result that one end was “a ; 


pushed down, twisted, and entirely disengaged from Wale B. In other words, 

- the sheet-piling caught at Point a, Fig. 39; the lower Wale A bent down; and vs 
the connection at Point ¢ was broken loose, removing all ‘support at the end a 
of Wale B. Wale was sO. connected to Wale . B that it acted as column to 


: - Level 1 was more than 95% of the maximum load when fully pumped out. = 
- With Wale A 1 pushed out « of the way, Wale B had no end support and acted as a 
cantilever from the next strut—about 15.5 ft from the end. dite 

_ Checking the capability of Wale B to carry this load as a cantilever, it was i 

iy, - found to be entirely inadequate, even when | using stresses of 36 kips per sq in, 

_ The capacity of the sheet-piling then was checked, assuming it to span from the 


elastic limit, it was found that the resulting combined “carrying capacity was 


4 


64x40= 22560 1p] 


LOADING ON SHEET-PILING, IN POUNDS 
er PER FOOT OF WIDTH 


23 FY Kips 


4 


imit of the steel. be This corroborated the pr ‘previous computation that the cis 


| 
— 
ae 
— 
| 
— 
— 
7 
— 
— 
wale to The tremie concrete and assuming the lower end ixed. “This also 
inadequate at 36 kips per sq in. Adding the maximum carrying apacay 
Ip 
= 74 rules, Wale B and the sheet-piling should have collapsed. Measurements at the se ae 


be stressed beyond it its. elastic limit, ‘but did not ¢ did 

An analysis was then made along lines similar to those suggested by the 

If the first two sheet-piles continued to yield until the negative mo- __ 
cain ent roo more than the resisting moment of the section at the elastic iit) ag 

at the tremie support became equal to the positive moment in the sheet-piling, a BE 

as and the remaining load was taken by Wale B as a cantilever, it was found thata a 2 
balance would be struck although both the sheet- piling and the wale would be me 4 
a strained beyond their elastic limits. Figs. 39 and 40 show the moments ef e. 
‘Pesulting under this assumption. Fis. 40(b) _ demonstrates that a resisting 
i= - moment of 192 ft-kips, within the elastic limit, is necessary to resist the loading a 
2 bs given in Fig. 40(a). Even if a greater efficiency is effected by exceeding the a 

2% elastic limit (see Fig. 40(c)), it is still necessary that the sheet-piling have a 
* resisting moment of 130 ft-kips at the elastic limit to avoid failure. Since the Mi : 
~ § resisting moment at the elastic limit is only 115 ft-kips, a reaction of 3 040 lb g “a 
= (as indicated in Fig. . 40(d)) must be developed at Wale B, Fig. 38, to prevent . 


3 ; es deflection to the point of failure. Line AB, Fig. 40(d), was determined by the 


resisting moment at the elastic limit of the sheet-piling (115 ft-kips). 
—_ was drawn in such a manner that the moment intercepted at the center — a = 
was also 115 ft-kips . This can be produced only by a reaction of 3 040 ib at me 
= In Fig. 39 the third sheet-pile from the end is shown reacting 93 kips on _ rt j ; 
Bphrancinnt _ Actually the elastic deflection of Wale B at this point will role: 4 


i 


Gate 


as ideas s presented will lead to a more: realistic u un ndertanding of ual behavior 


F, Eric Pererson," Esq. (by letter).— as 
tion on possible revisions of design theory now used i in engineering practice, this 
, = paper is a valuable one. Considerable study and much experimental work — ‘ 
aa Ve is necessary before the “Theory of Limit Design” can be accepted in actual = 
design. The writer appreciates the new field of research opened I Professor 
The following discussion is to the ‘ “theory” as to beams 
oul gives the results of tests applied to a 1 resting on three supports. . 
a oi test was made | by the writer to determine the actual behavior of a continuous — 4 
beam on three supports when subjected to the action of two concentrated loads 
as shown in Fig. 41(a). The position of the concentrated loads was such that — a Z 
the moment over the center support, as determined by the principle of con Ae % 
ge! tinuity applied to an elastic structure, was a maximum. Before cutting the 
4 beam to the desired length a short piece was sawed out and submitted to the 


usual tensile test, the results of which were 38 600 Ib Per in. for 
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examination of the coffer-dam showed that the first three sheet-piles had been ‘S < . 
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Be to Fig. 42: For: below the elastic limit the moment over the 
 genter support and the moment under the concentrated loads wi It equal, 
i ¢ _ From the foregoing yield point stress, and the structural properties of the 
* beam, it is found that the maximum resisting moment of the beam with no | 
-gtresses exceeding the yield point is equal to 7 720 ft-lb, corresponding to a total a a 


load of 13 400 lb, or 6 700 Ib on each 


Fre. a 
at 


7 would reach a certain maximum and then remain constant at this Neds ‘ 
increasing load until the moment under the loads reached this same value, 


_ inereased the positive moment under the load and the negative moment at nae 
as supports increases appreciably until the failure load is reached. Of course, 
after the extreme fiber at a section has reached the yield point the resisting — 

Moment at this section increases more slowly but will not reach a constant value . 


oe until failure defined as continued deflection without increase in load occurs. — 


bela separate test was made on a simple beam 5 ft long of the same cross-— 
‘section as the beam continuous over three supports. When a | a single concen- 
x trated load at mid-span reached a value of 7 800 Ib the beam continued to , 


M = 9750 m to indicate a stress of 


stressed beyond the yield point somewhat before failure occurred; but it is me 
to the usual modulus of rupture. Almost all of the ‘eross-section i 


deflect without appreciable increase in load. This a resisting moment of 


At this point the critical sections act as elastic hinges. (vis 


= 48750 Ib. Of course, this is not a true stress since the outer fibers were a 
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PRITERSON on THEORY. oF DESIGN 
eit that the moment’ over the center support and also 
== esas? 4 ecabd reach this value of 9 750 ft-lb before deflection without increase in load, 
the load on each span could be 10 500 It Ib or the total load 2 21 000 lb. This 
= um load was found 


4 


zie 


3 


6 0 4 8 12 o 4 8 


vertical li lines at D,E, and F, Fig. 42, indicate the yield point strain pains, s 
L Hi is ‘the computed load strain line at Section B up to 4 4 

and C, if the moment at Section B remained constant when 

the extreme fiber reached the yield point the load strain curve at Points A and “ae zs 
i ‘Fig. 41(a), would be as G D and I Q, respectively, up to the yield point strain 


a 4 the extreme fibers at these sections. However, since Section B | gives an 


increasing resisting moment beyond this point the strains at Sections A and C q 


would increase e less rapidly curves similar toG@RSandIT V 
line at the theoretical 
‘maximum and are ber a section 0.5 in. above and below 


th 
of 
(c 
i 
td Zz strain gage readings were taken, four at each of the three sections A, B, and C, & . € 
A ae | using a2-in. gage. The graphs of Fig. 42 show the strains at the extreme meee q + 
.. E i . The solid lines show the measured strains: and 4 | ou 
they gannear to be somewha 2 ‘ 
st 
4 
— 
— 
ii 
: 
i distance which hasa varying bending 
gteain gage records average strains over he edee of the fans 
gage noints were niaced a ne edge oO 
oe a ‘moment. Furthermore, the gage points were placed at the edge of nges e 
il 
it 
a 


Applying a factor of safety of 2, the maximum total load would be 10 500 lb 
(calculated) or, the load P on each span would be 5 250 Ib. . - Note that the load “ 
necessary to cause a yield-point fiber stress at the center support is 13 400 lb or a 
about ‘one-third higher. Allowing maximum fiber stress of 18000 lb pe per 


qin. (wh hich i is common practice) the allowable total load would be P = 


= 


= 6 250 Ib, or 3 125 Ib on each 8] span. This load allows 4 factor of safety of at 
about 2 fora a ~_— point stress of 38 600 Ib but a factor of safety of 3. 68 for ‘the Hi 


7 structures that the theory of limit design shows that higher loads can be used 4 mi 


Case of a Uniform Load Over Three —The ¢ ordinary 


Hie 41(0)). In the ordinary theory of design, assuming maximum stress 
18000 Ib r sq in. and, 
8x x 24 800 Ib per ft, ‘safe 


= moment before appreciable deflection occurred . Assuming that M: ‘reaches 


this value, the minimum load per foot necessary to cause the same positive 


‘Setting ing Baution (Te) equal t 


3250 (62 #) (19500 + 32802) 22) 
gives a minimum value of w = 3160 lb. The value of = 1 (v2 found 
: _ herein holds for any maximum rarer moment, of a any beam of two spans of ei 


ylaqd 
-~per ft. The maximum deflection with this load is approximately 0.12in. Since pe! ra 


Applying a factor of safety of 2 to this isl PRD in a safe all of 1 580 Ib 


this load is almost sufficient to cause yield-point stress over the center ‘support ao 


é, the practicing engineer might wish to reduce it. However, even if it is reduced ¢ 
a to 1 200 Ib it is still 50% greater | than the ® value « obtained by the customary — 
method. - Note that, in this method, the concept of stress did not enter. 
‘The writer wishes to acknowledge the suggestions and assistance of f Paul 
Assoc. M. Am. Soc. ©. E., in the of discussion. 
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withstand the application of the loads of and that 
under the application of these loads it exhibit a certain degree of resistance 
_ deformation and thus maintain its geometric integrity. Strength and stiffness 
; *, within the prescribed limits are the basic considerations of any design theory 
whether applied to individual members or to entire structures. Since the 
: indices of both the strength and the stiffness of any structural member are 
_ expressed in terms of its dimensions and the physical properties of the material — 
_ of which it is made, strength and stiffness of a structural member are | definitely 
_ related. Parametric equations for strength and for stiffness can be written in vs oY 
- each case and , by varying the parameters, simultaneous values ca can be obtained - 


from which curves can be drawn. - From these curves the functional relation of + 

_ strength and stiffness can be ascertained conveniently. It is the character »% of 
_ this function. that determines wh whether the principle of ‘superposition (see head- 


To admit the application of the principle of superposition toa srectiinil br 
following e conditions must be postulated: 

(1) The character of the impressed must not change as the load is 


(2) The of the structure must not a 
change with the increasein theload; = | 
i= As the Load P changes, the axial (and bending) loads on each member 
of the structure must change proportionally to the change in Load P; _ wit 
' oN (4) As the loads on the members change, with the change in Load P, the 
on unit stresses and total deformations must remain proportional to the loads; and, 


; lis (5) The total deformations of the various members—tensile, flexural, and 


compressive—must be of the same order, 


~ Conditions | (1) and (2) must aleo apply to each member i in the | structure. 
author’s predication (see heading “Introduction”) “that a strectun 
a, 5 will fail only ’ when as as many members, or restraints, as the structure has re- 
2 i dundants plus one, are loaded to their capacity strength” and his third dictum + e 
(heading “Theory”’) are unquestionably valid within the limits of the operation 
of the principle of superposition; so is his design procedure as illustrated bythe 
_ application to the design of a tower. , As the writer understands it, this design a a, 
‘ieee an n over-stress factor, : Nn, n, to the: design load of a | structure; 5 (b) 0 on the basis. 
es of this “capacity” load, draw a continuous force diagram, and if it closes, it 
may be regarded as satisfactory; and (c) assume the , dimensions of one member, 
in conformance to the force diagram, and proportion the neighboring members" m 
in relation to ‘it as indicated by the force diagram. 
structure in this manner on the basis of the configuration ad 3 
- the structure when it is unloaded, is to assume that this configuration will not . 


change re while the capacity lo ad is diminished to zero value 


= 
E. S. Fapran,® Assoc. M. Am. Soc. C. E. (by letter).—The esse 
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incre 
that w when this i eccomplshed each member (which was designed for its 


BS ‘capacity load) will Bei ‘subjected to lin every its capacity load, is to postu- 

He late that throughout the process of unloading and partial loading the loads on it 


each member, its unit-stresses and its total deformations, are constantly me. ss 


) which P= = the total load 0 on ioe = the load on a be 
= the total deformation of the _ . 
n is equivalent to stating that the structure must 
ig a as a “unit”; that is, the structure acts as a whole and is analogous to a ‘single be 
3 ee _ member of like character. — However, a condition of this nature can be approxi- 
mated only in extremely rigid structures, in which the members at each joint ae 
qe can be assumed to be of virtually equivalent rigidities, giving the structure ate 
character of homogeneity. Their axial deformations, whether tensile, com- 
pressive, or flexural, can be assumed to be very small, and the resultant dis- Pr 
- placements of the joints are negligible. The application of the principle of :. 
superposition can be admitted and the design can be made on the ee 
static equilibrium. However, due attention to permissible joint 
and consequent deformations has resulted, in the case of suspension bridges,in __ 
- considerable economy of design.* Similar economy can undoubtedly t be = 
_. The stiffness of a structure as a whole is a function of the ratio of the loads 
(dead and live) that the structure must carry to its over-all dimensions. 
certain types of structures this ratio is rather small and, if the deflections a are 
of no consequence and are permitted to be large, the denign results in a “light” 


type of structure. The b behavior of these structures under applied loads is’ 


ary 


- latter type will display a degree of elastic stability under any condition of stress Re “ 


‘ _ intensity i in its members up to the yield point. (In certain cases elastic stability oe 
may persist when the stresses in some members are beyond the yield point.) Te a 
The light type of structure, however, may reach a condition of neutral equi- — * 
wa librium, presenting the danger of failure by buckling, when | the magnitude of aa 
; ~ stresses i in its members is considerably below the elastic limit. This dissimilar- s 
_ ity of action can be explained only by the supposition that the ratios of stresses oe 
_ to deformations are not the same in the two types. - In a light structure the i, 
- deformations proceed at a greater rate than the stresses, or, stated briefly, the on f 
‘Be "principle of superposition does not apply. Such light structures are very sensi- ? a. 
tive to the effects of the eccentricities and nonsymmetries at the joints, and oe = 

, their light members will often be subjected to a combination of axial and lateral a 

"Transactions, Am. Soe. C. E., Vol. 91 (1927), p. 
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very dissimilar to the behavior of structures of a heavy or yr rigid type. bau This a 
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ak ABIAN ON ‘THEORY OF LIMIT DESIGN 


from the proportionality of total deformations to the applied 
ee the manner indicated in the first paragraph of this discussion, it can be shown — “4 5 


a vi ‘ge that, in general, the relation between the capacity loads of various 8 structural = 
4 


‘members and their stiffnesses is not a straight- linefunction. Itisan . asymptotic — 
ae curve, similar in many respects to Euler’s curve, the asymptotic part of which | 
: ea is in the range of of low slenderness ratios (that is, high stiffness) of the members, — q 


; i. ms Assuming this part of the curve to be a straight line it can n be seen that the axial 4 
_ deformations of heavy, stiff ‘members, whether they : are subjected te tensile, 


2 assumption. As the curve e recedes: from. its asymptote i in ‘the direction “a 
higher slenderness ratios, the rapid change i > in the slope « of tangents to the 
s a indicates that such similarity i in axial deformations in slender members. cannot 


be: assumed. In other words, the principle of superposition cannot be applied 
d 
structures joined by slen er members of heterogeneous character. For 


a similar reasons the principle of superposition cannot be applied to dendn:” : 
members subjected to the simultaneous action of heterogeneous loads such 


_ the load-resisting function of a member, as regards lateral loads, is SPPrOnh % 

. mately ‘proportional to 1 minus the ratio of the applied axial load to the ca- ee) 
pacity axial load.™ By analogy a similar proportionality c can be postulated for 
the structure as a of} bos hottimbs o¢ nes 


. 8 - Where the conditions are such that the law of superposition cannot be a ap 


ee plied, the distribution of loads to various members cannot be made on the bee :: 
< ia of simple statical conditions—namely, the force diagram—but i it t must be ma made, 
‘ or on the basis of Maxwell’s s equations—that is, by the “‘influence-line” method. } 


ne a Herein, to the writer’s mind, lies the anomaly of the author’s thesis. ig Altus 


compressive and bending loads. It can be shown that under these conditions 3 


theory) its rational an hypothesis. “That the 
hom a standard specifications, formulas and methods used in structural design are open é a 

cal to questioning cannot be denied. | _ They have been developed with reference to a 
a certain types of structures and to meet specific problems. s Their : application to 
res the light type of structures, particularly of the highly indeterminate character, 

= may be questioned on the grounds of economy. “8 (To this end, the author has aA F 
rendered a valuable service in raising the problem. ‘The theory of limit design 
is undoubtedly applicable in certain cases. With modifications, particularly — 
F with reference to compression members and the factor of safety, perhaps itsap- 
= 4 plication could be extended. m The limits of its application and the extent of the a 
=a necessary modifications can be ascertained, however, only 
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= iz diagram is the key to his analysis; although he holds the deformations of a — oe 
structure to be of prime importance, he criticizes, as unsound, the very methods 
of analysis which are based on considerations of deflections. a 
Just how far a theory postulated upon the law of superposition applies to 
‘eg — structures to which the law does not apply, and within what limits of deviation _ a 
4 
4 
— 


‘additional analysis and by checks” against the methods that. experience has 
shown to be reliable and | economical. tarit ot 


of the N ‘Nineteenth Century various theories of failures i in structural materials 
were developed. However an extensive theoretical and experimental study i is 
— needed to apply them to the computation of the stability of structures. 
opment of the e limit-design 1 method based o1 on the theory of failure may be found 
in various practical rules applied to the design of structures. 
ns _ The most common application of the limit-design method i is in the design . 
f foundations for statically indeterminate structures. Iti is well k known that 
foundation deformations do not follow Hooke’s law. _ Therefore, i in 1 each case 
_ the designer establishes the maximum possible displacement of the footings, and 
“computes the factor of stability of the structures in carrying a given loading. 
An interesting illustration of the practical application of limit-design computa- — 
- tion is is in determination of the critical loading carried by a group of piles | under : 


spread footings. ty The piles with the least bearing resistance settle faster ar and — 


mines the limit-design loading. Computation of the critical loading carried by 
structural details, such as or pins, is often based on practical rules es- 
- tablished by the principles of the > limit-design method. Likewise, in the Pasig eee 
of rivet connections the principles of the limit design may be c considered. 
j teresting computations of the: distribution of of deformations in rivets were shown = 


oy the late G. F.. Swain, Past-President and Hon. M. Am. Soc. C. E.* ate An 
application of the limit-design method to the computation of the critical loading sy 
statically indeterminate structures has been demonstrated by Professor 
Timoshenko. ‘7 Professor Timoshenko has shown that strains in a member 
: Ss stresses above the elastic limit may be expressed by the average modulus oe 


‘ with constant moments of inertia. . In important sninetanee the moment of 
ihn is varied according to the maximum bending moment stresses. " Evi- . 
_ dently the economic relation of the limit-design and elastic methods in the =. 
be design of beams with curved haunches will not as pil 


whereas the limit- design method will greater experimental 


¥ 
Donne, Esa. (by letter).— —This paper is an important con ntri- 


bation not only to the: field of structural analysis, but to fundamental engineer- 


8 Associate Bridge Engr., Bridge Dept., Div. of Highways, State Dept. of Public Works, Sacramento, — 


“Structural Engineering: Strength of Materials,” by G.F. Swain, 1924, McGraw-Hill Book Co., Inc., 
of Materials,” by 8. Timoshenko, Part If, 1930, p. 668. 


__ Associate Prof. of Mechanical Eng., Armour Inst. of in cha of of Stress Analysis 
and Structural Research, Corporation), Chicago, 
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3 engineering design is not to insure that stresses remain below certain limit, 
ate but to build the most efficient structures and machines that will perform, ‘satis- 4 if 
seen f actorily, the f unctions for which they areintended. The method of computing ES 
stress distributions under ‘purely elastic conditions, ‘and comparing these with 
the stresses that will cause some elastic buckling, or other type of “failure,” a 

difficult but also This paper demonstrates that 
other cases where designers have considered the elastic approach the most 


advanced | method possible, another method may be simpler and may give 


more accurate measure of the capacity of structures to perform their real teh ae 4 
Undoubtedly, this entire subject has been studied too little, with the result ry 
2 that there are few who have a clear, well-thought-out understanding of it. — 
Designer should not be afraid of | such questioning and reviewing of engineering 
ye fundamentals, and surely there can be no better place for this than the national _ 
= of the great engineering 
‘The method in question is ‘one which | all design ers have long in tt 
certain fields of engineering, and which i in essence has been accepted in some _ 
countries i in the structural field. Professor Van den Broek has made 
B. portant ¢ contributions to its development, particularly in generalizing it to in- ; 
clude compression members of trusses and other parts subject to buckling. — re } 
aby «His most important contribution, however, is in bringing to the attention of the MA 
profession, and helping to clarify, some of the gaps and inconsistencies in 
is quite possible, of ‘course, that he goes too far in some ways in his exposi- 
of the 1 method, as is natural and perhaps necessary when one is s combating 


pe een habits. Thus it may be, as he states, that iti is excessive deformation f ¢ 


lala and it is to be noted that the author does not propose to calculate ~ 
- (and would indeed find it very inconvenient to so calculate it) by a study 

of the deformations of the structure. Rather he calculates it by considering — 


‘the way it in which the forces distribute the structure, just 


Tt would seem that the author does demonstrate, beyond a doubt, the 


following: He shows that the he forces that first produce yielding or buckling i re i 


certain parts of a structure, , while they may indicate the limit of strength of, 
“a these parts, do not necessarily indicate the limit of strength of the structure as . 
whole, when these parts are redundant. He shows that these 

are capable of yielding sufficiently, while still maintaining 1 more or less un-— . 

_ diminished resistance, the limit of strength of the structure itself i is not reached a 4 


— until all the redundant parts have reached their individual limits. He Som fe 


also that this limit of strength of the structure is easily found and in ma many 


important cases differs an amount from the usally. 
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i by ‘much more methods. 
of the parts and of the as a whole remain “of the cnet 
“of magnitude « of elastic deformations” until the limit of strength ofthestructure 
fe Two things remain which do not seem to be clearly ‘demonstrated—namely, ‘ a 
“that such deformations of the structure as a whole r may not be great enough to 


destroy its usef = and that such deformations can be borne ee the parts © 


sal obviously one paper cannot be expected to cover all sides of such a = 3 
- subject: but it seems evident that these questions must be studied thoroughly nn 


"js impossible. vi a¢ oft peo yooabast 
For most types of structures the possibility « of having permanent deforma- — 
tions of this order of magnitude | under “‘once-in- -a-life- time”’ load conditions is a 
=e - probably 1 not serious, and a decision as to whether this is permissible can be given 
a offhand. In this connection it should be noted that the large deformations of 
steel buildings, bridges, ete., which have sometimes been produced by hurricanes 
ae floods, are undoubtedly produced after all ee members have reached a 
‘The question of whether individual members of structures can “give” ’ the a 
amounts required without weakening i is more difficult a1 and requires quantitati 
; - studies of (1) the amount of giving which would be required i in different types 
2 1 structures, and (2) the amount which various types of members can give as - 
without weakening. Considering the first question, it is obvious that the 
ca amount of giving required will depend very , much t upon the type of structure, 
- andi in many cases may be very much more than maximum elastic deformations. | 


_ For example, in Fig. 43, the amount bar a would have to stretch plastically be- e 


fore bars b would reach their yield point would depend on the angle of bars b, and 


would be s the maximum elastic strain, if the bars are all of 


oo same material; or, in Fig. 44, the plastic strain in the tie bar a must be — 


‘ 


_ Considering question (2), studies must be of the 


Shgiiddinal » resistance of struts and the longitudinal deformation during local or ee 
= buckling, and of the relation between the bending resistance of deep oe 
beams and the bending deformation when local or lateral buckling of the com- i F 
"pression: flange occurs. There have been many theoretical and 
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of in both the clastic plastic range; but, hereto. 
this particular phase of the question has not been considered important 


has apparently escaped investigation. obi 
As to members under tension, although it is true that plastic strains can b 4 
ae es ~ hundred times or more as large as elastic strains in a mild steel tensile test 
a. specimen, it does not necessarily follow that this is true in structural tension 
4 Fe" members as they are commonly made, which frequently includes reductions of 


: nS area. and stress concentrations at the ends. To bes sure, there is a powerful _ Ne 


— Re antidote against the obvious tendency in such cases for most of the strain to 


in these short, ‘weakened sections— namely, the phenomenon | of 
; ‘strain hardening, which stiffens uy up such weak points after they have yielded i : 
somewhat. However, there are limits to the extent to which ‘this 


: = the present tendency toward the y use, for greater efficiency, of some of the 


should | be ‘emphasized that such studies are important not in 
a some new method of analysis possible, but chiefly because of the 


= Thus it might be found that certain types of tension ‘members, = aaa 2 
P enough elastically, will not stand the plastic strain required to realize the full _ iv 
it - ultimate strength of the structure, and that this ultimate strength can be ob- ee : 
tained by changing to’ tie-rods with enlarged ends, such as are frequently used 

- now for economy of material and resistance to shocks. _ Such possibilities for “3 - 

increasing efficiency would not be suggested by present « elastic methods of 

If such studies show that no modifications are necessary in order to realize ae 
the increased strength indicated by the new “method of | analysis—that is, 


: ea them to to » be—then the factors 


Be ‘The factors of safety used in “many branches of engineering are a at 
—— Jeast in part, | on practical experience | of the past in similar work. If they were — 
>= low in the beginning, too many failures occur, forcing ei engineers to raise 
eee or, if they were higher than necessary, in time some daring pioneers are 
certain to try lowering them, and if their experiments are successful other = 
engineers eventually copy them. Thus values are gradually evolved which, at 
os least on the average, are reasonably close to what they should be. | Bese a 


Ai 2s. Obviously, this process is valid only when the same methods of analysis are 5 
ae used on the new and old designs. — If engineers do not improve the type of 
- design, and introduce a new method which gives | more optimistic estimates of 

the strengths of structures, factors of safety based on past experience ‘should ) 
presumably be raised enough so that structures designed by the new method © 


. x will be as strong, ont the average, as those designed by the old ii bh a 


= 
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test specimens after the necking-down stage is reached. Hence some quantita- 
— 
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q ally stronger than designers have been computing 


This at all new give the same results. 
vin individual cases as the old, and hence that it has no advantage other than 
greater simplicity. On the contrary, a design method which gives an im- 
‘measure of the real useful strength of a structure, as elastic methods 
een may, can obviously result in too low a real strength in some cases and — a 
too high a real strength in others, even if it is regulated to give correct results on Bee a. Ai 
the average. Conversely, any method which gives a better measure of the real le , 
useful strength, as the one under discussion evidently may, will always give Bt 
results closer to’ what they should be in individual cases; and, of course, in 80 
2 fer as this represents decreased wneerternty in design, the factor of safety can 
be reduced -counterbalancing, at least partly, the necessity { for 


One other point is viaailii by ‘this ; paper: If 1 there is any real objection to to 
a on the yielding of some I members of a structure under er very extreme con- 


Ee when it is built, such that under the worst conditions all redundant toner 

would reach their ultimate loads at the same instant. - Practical me means ie 

_ introducing such initial stresses could probably be devised if it proved worth 
while. Such an expedient, of co course, se, could be fully applied only in cases where 
it can be assumed that loadings are predominantly in one direction, = 


A. Van Bronx," M, Aut. Soo. C. E. (by letter) 
i: i indeed to note the large number of men who, by their generous discussions, i 
have manifested their interest in the “Theory of Limit Design.” was 
ss: be expected, the views expressed reflected unfavorable as well a favernhle ae 
fi opinions. The unfavorable opinions are the more valuable since they are Bo: 
ikely to lead to the greatest clarification of the subject. Of these unfavorable 
opinions, some are the “result, of ‘misunderstanding, and others of sincere 
4 disagreement. First, an attempt will be made to clear up possible misunder- Lia 
‘standings, after which the disagreements will be discussed. 
Mr. Sourochnikoff states: “Of course, if a few fibers are broken 
‘a at the supports, it does not mean that the entire beam will collapse.” The a 
A theory of limit design does not envisage the breaking of any fi fibers anywhere b 
at any time. In the realm of structural engineering, failure is the result of e 
_ excessive deformations, and rupture is practically non-existent. Where non- 
% ductile materials are used, the principles of limit design ar are non-operative. prot 
Professor Fabian devotes his major attention to the 
4 the “Introduction”—namely, the statement that, “Traditionally all 
"pertaining to the strength of materials and to structural design is based on 
4. two ‘major assumptions: (1) That the material is elastic; ; and (2) that the 7 5 
principle of superposition applies. ” The theory of limit design breaks com- 
pletely with these traditional assumptions. It would seem evident, from 
has gone before, 
Principle of superposition is violated. Professor Fabian, furthermore, 
_ that, “Where the conditions are such that the law of superposition cannot be > 


pt the distribution of f loads ¢ to various members cannot be made on the 
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basis simple statical conditions—namely, the force diagram—but it it must 
pd be made o on play basis of Maxwell’s equations—that i is, by the “influencesing? 


method. 


and It is not clear, how 


can be suggested as a tool in a field where the principle of superposition is 


non-operative and where the stresses exceed the elastic limit. 


The of in the theory of elasticity, is g 


ae the theory built on it is one of hagion: _ It has nothing whatever to do with the i 
theory of equilibrium (statics), which is always true. 


In the example of the steel tower (Fig. 15), the force diagrams were drawn : 


on the assumption that the geometric proportions of the structure remained - 
unaltered. Ih this usually followed is applied. 


ee magnitude), under all loads up to the limit loads, bets cease to be so when the i ' 

Mr. Floris regrets the fact that only the fixed-end beam was analyzed; and, 

quite properly, Mr. Meursinge and Mr. Winter emphasize t the fact that the 

4 capacity resisting moment of a beam is reached when the stress distribution is is 


: .. rectangular rather than triangular (Fig. 24(c) rather than Fig. 24(a)). 


‘Winter, furthermore, insists that deformation analysis on the basis of ti 
= of limit design i is essential, whereas Professors Wise and Niles deny that the 


CAN? 


_ ‘The writer has the i impression that most of the discussers had some fom : 


ae ida with theories allied | to the theory of limit design, if not with the latter — 
. Be itself. His paper, , however, was directed primarily to the reader with 


little or no familiarity with the ‘peineliples of limit design. For r that reason, his 


main purpose was to present the major idea involved with the least possible | 


ag mathematical or other complexities. A fixed-end beam is a theoretical ab- 
traction rather than a reality. «Tt was chosen to serve as an example simply 


because all its properties are thoroughly well known. For the same reason, 
oe ay capacity moment was assumed to be the one obtained from the familiar 


than the more logical one obtained by (2), 


which i is strictly applicable only i in cases of beams of symmetrical cross-section 
In the case of a beam of irregular ¢ cross- -section, the neutral axis shifts as S00! 


as the elastic limit is exceeded, and Equation (2) should be written: 


pot in which A; = Az (see Fig. 45). It was the desire to postpone considerations My 4 


al detail such as these which lend to the assumption that the capacity-ben 
a moment might be expressed by Equation (2). The writer stands’ corrected. 


He realizes that this is a consideration of insufficient merit and recommends — re : 
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VAN DEN | ON ‘THEORY OF LIMIT DESIGN 


Asto deformations of beams subject to ductile yielding, Mr. Winter supplies 
_ some theory and certain very interesting test results. A very close avai 
2: between theoretical and test results involving the ductile 
behavior of beams may be e observed in Fig. 
eflection under a limit load (when the stress distribution _ Y 
2 esembles that shown in ‘Fig. 24(c)) is compared with the . 
deflection obtained when the beam behaves completely — 
elastically under the same load, the ratios of these oe i 
tions are found to be: For the cy as beam (Fig. 46(a)), 
46(0)), 
serves as of the claim that the deformations are of the order 
of magnitude of elastic deformations until the last redundant (the fibers at 
the neutral axis) members have reached their elastic 
“spe Professor Wise is the only Teviewer who questions the validity of the three — ve 
dicta under the heading “Theory.” It is: conceded that without these dicta — 
Wi entire theory of limit design collapses. As to the first dictum, Professor i's 
Wise calls it it vague. ES ‘The writer merely wanted to emphasize what he regarded — : 
ae a well-known special aspect of engineering ‘structures. The third dictum 
7 om Wise dismisses with a single word “incorrect.” On the contrary, 
‘the writ grets that he could not emphasize it more ‘strongly by means of © 


italics or or capital letters, a as he regards it as the very cornerstone of the theory ax 


5 of limit design. To test dictum (3) by Professor Wise’s definition of statically 
indeterminate structures: He states, essential characteristic of a statically 
indeterminate structure is that it has redundant members, reactions, ‘or 
restraints in excess of the number just sufficient to maintain static equilibrium.” oe 
Suppose, then, that such superfluous redundant members are all ‘stressed 


are left to form an system in equilibrium. This as stated in 
the “ ynopsis,”” behaves elastically. - Hence the statement in dictum (3) that ae 
. one member in ‘the | primary system (that is, one member in in addition to the 
redundant members) must exceed the elastic limit, or buckling strength, before | 
eo deformation in excess of elastic deformation will take > place. r It would involve _ 
extra diagrams: to prove | the point mathematically, but the writer : suggests 
that the reader take any redundant structure, beam or truss, or a combination — 6 
b Ba both, and proceed to find the displacement at some point, ‘He will ‘then — 
@ _ probably apply an auxiliary load at this point in the direction of the desired | Z 
displacement and compute the resulting auxiliary forces in the structure. ‘a 
: When he does so, however, he will, no doubt, in perfect conformity with the — Ag 
Trles of of the ‘theory of elasticity, remove ai as many reactions, restraints, or 
4 - members (in other words, redundants) as is consistent with stability. _ In his 
Somputations for the desired displacement, ‘the redundants- do not appear, 
_ Since the forces therein, induced by the auxiliary load, are all zero. ads ‘The 


vere ormations of Beams Involving Ductile Behavior,” by E. O. Scott; thesis presented to dence 
versity of Michigan in 1939 in partial fulfillment of the requirements for the degree of Master of Science 2 
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ment of point in a structure thus the 
of point in a determinate elastic system. nen 80 as 


1.400 


(6) S,= 28700 Lb per Sqin.; and 
32000000 Lb perSqin. 
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© 32700 Lb per Sq in; and 


=28000000 Lb perSqin. 


46.— Berween THEORETICAL AND TEST Resvurs Inve LVING THE 
‘There are shelves full of treatises on the theory f elasticity. at The: striking 3 


to the practicing engineer is that the elastic deformations offs 


interest, and then 


a 


— 


any engineer the 


— 
= 
a 4 and 
unde 
delormations, which 1s all that dictum (3) states. th 
— 
— 
— eat. 
th 
tha 
secondary interest. In structural enginee eon 
.. ce supplementary theory. It serves the purpose (area moments, slope deflection, wes 
. conjugate beams, least work, elastic energy, etc.) the 
— equations to supplement those obtained from statics, 


ty 


they are : of the order of ‘Magnitude of € elastic ‘deflections. * Failures, generally, 
7 t are not the result of 1 rupture but of excessive deformations—deformations of an 
4 on order of magnitude greater than elastic deformations. — 

‘specimens: are tested and actually broken. A structural steel vm is von 
broken either in the laboratory or in the field. Under ‘load it may be distorted b. 


out o of shape to the point where it becomes a mass of wrecka age, but i in spite te 


ai The writer did not state, as Professors Wise and Niles infer, that the theory | 

of limit design is predicated upon permissible deformations, as distinct from 
of elasticity, which i is to be predicated upon 


stresses. 


In a statically 
determinate | beam i ina the designer generally i is not concerned about 
so as the stresses remain within the elastic limit. Dictum rs 


4 


beam with deformations of reliitively small order of 
di Dlr. Meursinge ¢ calls attention to the importance of connections. Specifi- Ls 
: ations emphasize the importance of the property of ductility, but in order 
that this property may be made effective, the connections must be sO designed e . 
‘that , the yield point in the main part of the member is exceeded before the ay 
; nnection fails. In the discussion of the tower (Fig. 15) the connections — 
Ox: assumed to be welded in order to keep the ‘argument simple and postpone a 


probable stress in a modern railroad bridge, and he will give an immediate [> 

4 the probable deflection of the same bridge 
under load, and he is likely to want paper, pencil, dimensions, etc. The point 4 
4 fon of normal nronortions doflections are cafe oo lone ac 4 

— 
— 
give the structural engineer especial concern, because the primary 
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eccentricity of the applied load. B ng both the iron with 
extra holes, the strength of the iron is somewhat increased and the ductility 
of the member is augmented in proportion to the number of extra holes. 


roe ‘Different types of end connections of angle irons and different degrees of 


— l(t 
722 VAN DEN BROEK ON THEORY OF LIMIT DESIGN 
Elsewhere" the writer has shown the results of a series of tests on 1-in, 
~in. angle irons such as are commonly used as diagonal bracing 
transmission towers (see Fig. 15). Bolt connection of an angle iron through 
. one leg weakens the iron on two counts—the reduction of net area andthe ~ 
al or « Futt-Sizz, 55-Foor Transmission Tower vie 
a perforation show marked differences in strength and even greater variations 
"i "Bfect of Connections and Rivet Holes on Ductility and Strenath of Steel Ancles.” by J.A. Van den 
eo ea oD. BSE f Connections and Rivet Holes on Ductility and Strength of Steel Angles,” by 
= Engineering, February, 1940, Figs. 
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shows the load- deformation re relationship of 
-in. by 4-i in. angle a slenderness ratio 200 in compression. Figs. 


Pls 


_ Stress diagrams are shown i in Fig. 48, with corresponding stresses in a Table 


, the ultimate loads s being identified 1 as aes 


I. Vertically downward 
2160 Ib at Point A = 180% design load 4 
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6 120 Ib at Point A = 180% of design lod 


DEN on OF LIMIT DESIGN 


oe 1 300 Ib Wy Point A= 306% of design load 
— ® 7 290 lb at Point B = 424% of design load 
(c) 7290 Ib at Point C = 610% of design load 
Bei @ 8 730 Ib at each of points D, E, , F, and G = 383% — loa 


Weight of tower = 9 600 ES 


Longitudinal load design load +: 80% 
load = design load 180% 


sedi of this te tower were an 10 ft Pies, and ¢ at failure the structu 
the! loads shown i in Table 


TABLE 5.—Loaps on Test ‘Tower, aT FAILure 


ore 
Loads | Guywire | Toparm Mid-arm 
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advanced by Messrs. Bleich, Freudenthal, Mirabelli, and Wise to the effect 
that th the philosophy of lin limit design i is 3 not | applicable i in cas where buckling 
For some twenty years the writer has talked ia a theory of ductilit 
a (“plasticity” is a term ‘applicable to structural steel only when it is red hot). 
on every course he. gives on the theory. of elastic ene energy y the lectures are « closed Sf 
ae a discussion of the limitations of the theory of elasticity. On one such 4 
* occasion, in 1924, at the termination of @ course in Detroit, Mich., Mr. Goodrich 
a was present. It was then that the writer learned that he, with his theory of 


a a _ ductility, and Mr. Goodrich with his design practices, talked essentially the 


a: eubetituted, so as to make the title applicable to trusses involving members 
subject. to buckling. Whereas some men (Professors Mirabelli and Wise) 
merely question | the application of the: theory | of limit design in cases where 
nitely that such application should be permitted. 
‘The writer’s reply is s two-fold. ‘The first i is that Fig. 47 shows that s although 
3 the load-deformation relationship for a member in compression ‘js not the 


same language. . After innumerable discussions with Mr. Goodrich, the term 
theory of ductility was abandoned and the term “theory of limit design” was ae 
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close-up of the failure in the diagon and Fig. 50 shows 
ac 
— 
| 
= 
— if 
— 
it 
it 
24 Bottom arm 
— | 
was compensated by an additio = | 
— 
2 
| 
— 
— | 
— 
| 
— 
— 
q 


= 


NE 


KAXAD 


ve 


G. or 


THEORY DESIGN 


VAN DE} 


tion is s eight times as gr great ¢ as s that shown when the Euler’ 8 buckling strength = § 
| first reached, the strength of the column is still of the order of magnitude of — 
Euler’s value. This eight-fold deformation under substantially ae constant 
- compressive value is generally more than enough o insure the functioni “— 


_ The second answer is: s: Notwithstanding | the warning of Mesare,B bull and 


“first design was cor condemned by five eminent authorities. It may be added 
that his present designs would still be condemned by other eminent authorities 
if they were judged by conventional design principles based on the theory of 
elasticity (in the paper, see » “Design of a ‘Steel Tower: Comment on Steel 
Tower Design,” last two paragraphs), 5 
' | Mr. Silverman laments the fact that the most complicated structures are 
analyzed on the basis of facts obtained from simple tes ‘specimens, He 
. that it is generally not feasible to use the entire structure for tests. : 
= writer concurs in these views and on the strength of them concludes — 
that the design of transmission towers is at present in the most advanced and 4 
_ most wholesome state. For thirty years transmission towers, designed by the — 
theory of limit design, have been sold by at least one plant on the basis of | 
actual load-resisting performance rather than on the basis of ‘satisfying certain 
criteria relative to mere elastic behavior. These tests have demonstrated 
= the theory of limit design makes it possible to predict the strength of 
towers to within + 10 per cent. Other plants have followed the same exampl 4 
with the result that probably most transmission towers in the United = 
2 Canada are of insufficient strength as tested by theory-of-elasticity 
standards; but, actually, ‘they exhibit sufficient strength to carry the design 
load plus a stated over-load factor, 
Fig. 48 and Table 4 are significant it in that they stress 
analysis of a complicated three-dimensional redundant structure under three a 
distinct types: of loading. The simplicity of the analysis, ‘substantially 


is- 
sion towers ¢ of which Fig. 51 i is an perk _ Mr. Goodrich states that f 


> 


Wwe 


same as that of Fig. 15 in the } paper, is not the result of compromise se and doe 
not involve a sacrifice of accuracy as compared with standards established “ 4 
stress analysis: based | on Hooke’s law. On the contrary, it has a two-fold 
_ merit: First, that of great simplicity; and second, the merit of very satisfactory 
agreement with observed facts, as established by ‘innumerable tests. It is 
conceded that the load-deformation relationship of columns beyond the buck- 
ling load i is an involved one, affected as it is by end-connection, slenderness 
ratio, and eccentricity of applied load. In spite of innumerable > tests on 
columns, which have been recorded, this particular relationship appears 
practically 1 never to have e been measured. . Before limit-design principles wil 
be applied with confidence to any type of truss, other than transmission towers, La 
such data should be obtained for every "type of compression member under : 


every type of end connection and manner of loading. 
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OF LIMIT DESIGN 


? very aptly, quotes Professor Kist to the effect that Hooke’s: 

law and theory of ductility are both “simplifications of a very intricate reality 
‘Both may be compared t to cartoons, because they both ‘express 4 

jn a very primitive manner.’ ” ‘The writer’s 0 only hope is that the theory of | > 
_ jimit design is not too much of a caricature. Quite properly, Professor Niles i 
Dae warns against using limit-design principles where materials are involved which © 
ca do not behave i in agreement with Fig. 2. Wood, concrete, and earth do a 


43 obey Hooke’s law rigorously. Nevertheless, ss, the designer commonly applies 
formulas to them, which’ are based Hooke’s law. 


used. “Similarly, limit-design principles : may. be applied, with reservations, 
arta built of materials that are imperfectly ductile. The reservations — 
naturally become prohibitive when n the material is completely lacking in 
Tt was not due to the theory of elasticity, but rather to the good sense of — 
"3 _ structural engineers (possibly without the aid of any theory to which a label 
ats could be attached, but nevertheless the result of sound logic and correct 
observation) that such materials, completely devoid of ductile properties, were 
;: never used for structures such as bridges, towers, buildings, or airplanes. 

Silverman refers to Timoshenko,” even as does Mr. Eremin. Mr. 

_ Silverman, however, correctly attributes the original contribution not to Pro- 
fessor Timoshenko but to Mr. Hencky. Furthermore, Mr. ‘Silverman points 
out that the agreement of Mr. Hencky’s contribution with the theory of limit — = 
Pe design is incidental, which is very gratifying. Mr. Hencky’s contribution “a 
4 = offered as an attempt to explain what Mr. Silverman calls the Bauschinger 

i ‘effect—namely, that the effect of cold working on steel in tension is to raise 

the elastic limit in tension and to lower it in compression. — This so-called 

+ Bauschinger effect has two serious: flaws. In the first: ‘place, Bauschinger 
e never made this claim; and in in the second place, the claim when made is not a 
true. — ‘(See “ “The Effect of Cold Working on Elastic Properties of Steel,’’® in 


Elastic Limit i in “Compression” —is devoted to refuting this commonly 
___ Professor Donnell’s discussion is very much appreciated as being most 
. He “hits the nail on the head” when he states: “There have — 
been n many theoretical and experimental studies of buckling problems in both — 


elastic and plastic range; but, heretofore, this phase of the 


_ The theory of elasticity has not only dominated methods of design but has — 
controlled research as well. To return to the original thesis: If the theory of . 
elasticity is so excellent, why not specify purely elastic material; and, vice 


versa, if the engineer realizes that he cannot possibly build with purely elastic 


material, then why not include the property of ductility in design theory? 


e Effect of Cold Working on the Elastic Properties of Steel,” Carnegie 
and Inst., Vol. IX, 1918, p. 138. 
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VAN DEN BROEK ON THEORY OF LIMIT DESIGN 
Mr: Freudenthal. In Section (2) of his discussion Mr. ‘Freudenthal states 
that “Tnstantaneously applied loads cause the upper yield point to drop.” 
f 3 eS In the writer’s opinion the reverse is the fact. In structural steel, the corner i 
= at Point B as shown i in Fig. 2 is the sharpest when loads are applied slow why, 2 
In Section (3) Mr. Freudenthal states: occurrence of pulsating and 
.. 4 reversed stresses will always demand the design of bridges on the basis of the ie . 
z) cel endurance limit of the material.” Reversal of stresses in bridges is so rare as ; q 
to constitute the exception rather than the rule. F urthermore, although 4 4 
oh capacity loads for certain details® (for example, stringer connections to floor 
hia beams) may occur each time a heavy locomotive passes over r the bridge, bl 
A capacity loads ; for the entire truss. may not occur oftener than once or twice _ 
in the life of the bridge. Therefore, although fatigue must be considered in 
_ connection with bridge design, it is of secondary and not of primary importance. is 
The writer desires to express his indebtedness to The Canadian Bridge 
- Company, Ltd., for permission to reproduce illustrations, to Mr. Goodrich © 
for his unfailing interest, and to the Horace H. Rackham School of Graduate 3 
Studies of the University of Michigan for aid received in providing assistance is 
_ and in furthering tests herein recorded. 


‘ rene Tests on Connection Angles,” by W. M. Wilson, M. Am. Soc. C. E.,and John V.Coombe, __ 
Soe. om E.. of linois, Vol XXXVII, No. 6, Series No. 317. wy 
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LAND SURVEYS AND TITLE TRANSFERS _ 


Discussion BY Messrs. GrorcE D. Wuirmore, AND PaHILip Kissa. 


The t transfer of ry eatatd in the United States is surrounded by difficulties 
ut of all proportion to the values involved. - This is particularly obvious when 


@ comparison is . made with the transfer of any other form of wealth. aa 


reduce the negotiability of real property and to damage its value. 9 eee a 
Surveying equipment, skill, M4 and procedure have been “developed: 


ie and methods of recording title have already been successfully employed which 
7; diminate delays in title search. It appears to the writer that the time has 
* come for surveyors and title examiner to combine in a joint effort to find 


and means for employing these excellent tools already at ha pao 


surveys; © faulty descriptions (not erroneous) ; (d) blunders in 
abe surveys; and (e) the rules of adverse possession in force w 
_ Surveys and proper title records eliminate their usefulness. 
‘The difficulties of title search are caused by: (a) The many and ever- 
nereasing sources of information and records that must be studied; snd (6) 
‘study of the same information and records. 


lines for properties | above an assessed unit ro 


Nors.—Published in April, 1939, Proceedings, 
a 1 Associate Prof. of Civ. Eng., Princeton Univ., Princeton, N. J. 


— 
& 
— 
= 
1 
“Ag 
_ of permanent, recognized, and correlated monuments from which surveys 
— 
4 
4 
(1) The establishment of State Systems of plane co-ordinates; Wamiemg 
al 
Fe 


(3) ' The assignment of certain members of the judiciary to a Land Court | 
wh here title can be confirmed at the cost of only a small fee for legal service; and re 
Simplification of title records by making a court ‘decree final, with 4 


a emer time for appeal, and i requiring all liens to be recorded with 


to definite for - maintaining life, reducing labor, regulating 
Y men’ 8 relationships, providing enjoyment, or protecting spiritual values cannot 
be developed or used without the assignment of land. When the purpose of 
the dedication becomes clouded, or when the delineation of areas becomes 
vague, such confusion arises that progress is threatened. _ These truths are 80 
fundamental that they are accepted without question. They are 80 well 
. q ognized that the first step upon the occupation of new territory i is the assign- 4 
ment or division of land. They are so immutably | in minds 
wholesale disregard of them is never contemplated. 
Wherever the principle of private ownership obtains, | 
carries with it the e right to direct the use of the land under ce certain restrictions. 
‘Tti is therefore important, if progress is to be expected, that ownership a and the 
limits of ownership shall t be clearly defined. asf 
“ie dan follows that land ownership must be a matter of public record, can 


; =? “i poe the conditions of ownership, but they must also clearly define the bona 
ey aries of the holdings. Tf land is to have its greatest value, it must be readily — 
negotiable. Therefore, the public records must be quickly available and of 
ow unimpeachable « accuracy. Each State must insure sure through legislative enact: 
ment that such conditions shall obtain, if confusion and serious economic loss 


4 


coz 


o 


are not only 
- of mecens but often require an expert to find them. They are frequently i im 
- consistent with each other so that unless the title examiner’s opinion is rT % 


the ¢ conditions of the records of location any better? the conteary 
4 _ they are frequently worse. ~ Recognition of position is usually based on hea 
= » while size and shape may rest on | the integrated opinion of many indi- — 
a g a viduals. ‘Under these conditions it can hardly be supposed that the parcels 
a a presumably owned will fit the existing ground, or that the location ofa single 
a ; a parcel can be independently determined. Every land surveyor realizes this. 


Furthermore, the systems ¢ of recording are are archaic, imprec- 4 
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TITLE | TRANSFERS 
‘Tue Jomr Committee vies Uiw bs Le 


civil engineers are continuously ¢ engaged 
projects necessitating the acquirement and use of land, and as land surveying is eh 
3 also one « of their f functions, they should take the] lead i in initiating steps to bring A 
about betterments. F urthermore, the locating of property is so ) intimately a 
4: connected with its title that changes in procedure in regard to location must : ¥ 
be accompanied by changes of with regard to title. At the Fequest 


by the "Real: Property ‘Division of its Section Real Probate 8 
Trust Law. Presumably it will require some time for this Committee to 
formulate recommendations and make a final report. Certain ideas brought — 

qj out in Committee discussion ¢ are here described, ‘although none of the : state- eo 4 
ments in this paper represent action of the Committee, nor will they necessarily — F 
t included in the Committee’ 8 report. 


Whatever function a land is upon to perform, he must first 
locate the boundaries of a parcel of land, even if a subdivision is required. 
If he can locate one corner and the direction of one line extending from that 
3 “comer, a large portion of his difficulties are overcome. To aid him , the a 
i -seription of the parcel recorded in the deed probably is available. ts If this 
description i is not independent, but is based on some other division of the land, 


poses 


i must resort to the earlier ‘description. Sooner or later he must find — ee 

tion of a point of beginning and some description of it. If this point is a ae i 
“natural or artificial monument, hei is fortunate, provided check measurements wt 
a made from other points he believes to be correct prove that the monument is _ 


original position, 
4 bom, Frequently the point of beginning i is not marked, but is described as being ee 


80 many feet along the center line or boundary of a public highway from some i 
% other public line. It is unusual if either of these lines can be found. More-— a 
over, the surveyor never is sure that the present locations of these public lines, 7 2: 
4 or his best judgment of where they should be located, will agree with the tf 
location assumed by the person who first described the point of beginning. — Aa Fé 
_ In other words, more evidence must be brought to bear besides that found : aa 
a in the deed itself; and so many elements must be considered in each case vel = : 
‘more judgment than skill is often required to establish even the initial point 
overcome this difficulty, recognized official survey ‘positions must be 
5 


a provided by which property can be described and relocated. Systems of 
Official monuments must be established and inter-connected by accurate sur- . 
veys so that each monument is witnessed by all the others. When five or six fs r 
monuments constitute the entire system, a balanced traverse loop will tie them | - 


together satisfactorily, and a plat showing the various adjusted traverse dis- a 


Divi l*nd Surveys and Titles,” First Progress Report of the Joint Committee of the Real Property A 
Division, American Bar Association, a4 the Surveying and Mapping ena American Society of Civil 
Am. Soc. C. E., November, 1938, pp. 1879-1884. 
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tances and as & record of their positions. — 
= safeguard the property in an important section of town by establishing a 
; small system of this kind, recording the plat at the registry office, and main 
taining the integrity of the monuments by re-surveys or check witness mes- 
= - surements at intervals. A purchaser of real estate in this area should be advised — 
FF his title examiner and his surveyor to demand a description in his deed 
“tis better to substitute for the adjusted traverse data a rectangular oe : 
as system. The land surveyor need then only state the co-ordinates of “a 


each point mentioned i in and name the co-ordinate system | used. 


cr public property will be better protecte 
But when more than one co-ordinate system i is established, ‘it is inevitable 
“= the ‘systems will be extended until they meet, and then confusion will 
result. It is therefore desirable to have a few large — rather a Be 


United States Coast and Geodetic ‘Survey has established a system 
of} plane rectangular co- o-ordinates for e' every State in the Union.* Each system 
is composed of one or more definite mathematical projections which are so well 
designed that they ca: can be 150 miles wide and of : any length desired without — 
ii 4 introducing material divergences, due to the earth’s curvature, between actual 
_ measured distances or angles and those given by the co-ordinate positions. 
a The usual maximum divergence is one part ix in 10 000, and for the greater part 
a of each system the divergence i is far r less. a ‘The adaptation of these projections — 
i. ae to the various States is chiefly the work of O. 8. Adams of the Coast and Geo- 
ae detic Survey, and the transverse Mercator projection was especially premnie" 


by him for this urpose 


Horizontau Controt Surveys To SUPPLEMENT THE FuNDAMENTAL Net 


- ott To use these systems it is necessary only to connect a survey with the 


Fundamental Triangulation Net of the United States. | Wherever Coast and 
os) 4 Geodetic Survey first- or second-order triangulation « exists, this ca can be done 
San immediately. The geographic positions of the triangulation stations can be 
reduced to plane co-ordinates by a comparatively simple computation. SF For 
‘many triangulation stations the Coast and Geodetic Survey has already made 3 
: these computations. Of ¢ course it is better to amplify the triangulation net by 
het horizontal control surveys supplemental to the Fundamental Net. This: can 
be done by second-order traverse and, if plane co-ordinates are used, all redue- . 
Latitudes and 
are determined ‘and the adjustment i is made to the 


3 See ‘Development of State Grid Systems,” by O. S. Adams, Civil Engineering, January, 1937, be j 
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TRANSFERS» 


femoony will be established in each town o or locality s so that s surveys | can 


: extended throughout the streets by local authorities. a9 evil mod" r 
chess - Each State legislature should pass an enabling act, naming and describing a a 
: the State system, so that State co-ordinates can be used in descriptions, a 6 
can be identified simply by naming the system. In New Jersey, Pennsylvania, = a 
and New York this has already been accomplished. Also, as soon as possible, — .* 
jin each State a survey bureau should be established to extend the control o. eon” 
supervise the establishment of control in various localities. — a 
should be the repositories of control survey data, should disseminate these a ‘4 f 
- to the public, and should maintain the monuments. Pennsylvania has already 
established such a bureau by law; and in certain other States, | control survey :. 
organizations act in this capacity. diseoqus of «i 
With a State co-ordinate system, « or other legally ‘recorded co-ordinate 
system, the land surveyor has at his disposal a method of establishing a point 
of beginning and an initial direction which can always be precisely re-estab- 
Tished. Such a system should not be confused with the Public Land System, 
for which the monuments (except in Alaska) are not inter-connected by precise a 
surveys, and therefore are not susceptible of accurate replacement. 
an The method of describing ee under the Public Land System has 


infinite time and pains for tural districts in the East. The description gives 


the approximate location of the property, the description of the adjoining 
tracts, the approximate area of the parcel and a means of indexing the deeds % “3 “< 
by locality. However, it is impossible to define, in the precise 
_ loeation of the property without resort to the marks originally established on — 
ose the gr ground. They bear no mathematical relation to each other except in the 
Toughest sense. When lost they can seldom be replaced in their 
“g = and without the introduction of another survey it is impossible to ps 
determine rectangular co-ordinates for them. The State Plane Co- iota a 
4 _ Systems provide all the advantages of the Public Land System and in addition Pri 
3 provide a means of defining, precisely, the location of the tand on the ground. — 
te walt ed of tantage bogie ad Ihe 


= 


vex 


‘There is a further difficulty, however. Should the surveyor try to mark a + a 
“and Pareel according to its description, it is is very that he will encroach 
or fail to connect with abutting property. The shapes of the ‘parcels 
1a "described in the deeds seldom fit together to form the original tract from which a - 
they were separated. The blocks are not: of the recorded length; the same line 
will have | different lengths in adjacent lots; old boundary lines long established 
i, y ‘at inconsistent positions have become fixed by the rules of adverse possession, — aa 
and the angles i in : possession 2 are seldom as found in the deeds. 4 ~ Moreover, the 
adjacent properties are penalty on ground s so thos the 


2 
k 
| 
= 
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surveyor is in the dark if he to these 


There are five causes for the inconsistencies: (1) Lack of marked: rec- 
ognized, and recorded positions, as as already discussed; (2) variation in land — ay 


values; (3) faulty descriptions (not erroneous); (4) blunders in sone * 


4 Be and surveys; and (5) adverse possession (corollary of inconsistencies). in 
) Variation i in land value is a very natural reason for inconsistency. — Survey 

accuracy is directly proportional to survey costs. Therefore, farm lands should 


— not be surveyed with the same accuracy as business | lots. Thus, precise = ‘ 
ie surements made in business areas usually disclose discrepancies in original 


‘surveys. fore ol forisos Ww 


Although there i is much diverse opinion relative to what constitutes a proper 
description, from the surveyor’s point of view it should completely describe the 


size, shape, location, and orientation of the actual holdings. As such determi- 


nation is next to impossible, ‘many palliatives he have been used, none of which 


gs | 3 has been satisfactory. Little reform can be expected until the causes of incon- _ 


Further, there exists a definite disagreement of purpose in descriptions. 


to accurately the present holding. The repetition of an inaccurate 

description copied from deed to deed is a boon to the title examiner, but is ; x 
_ fraught with difficulties for the surveyor. A new and accurate description ie =a 
presents difficulties for the examiner. Mention of the abutters is good policy 
and aids both the examiner and surveyor, but without dimensions it is useful 8 3 m 
to the examiner. It seems evident, therefore, that the solution of these 
difficulties must satisfy the needs of both examiner and surveyor. 
are these difficulties handled at present? the surveyor is to make q 
= = a proper location he must make a complete survey in the field of all the existing — ; é dl 
“ a = in the original tract or city block. — He must abstract all the deeds z 4 b 
- a for this area and, using his best judgment, work out a consistent solution which ae | = re 
a satisfy the deeds, the physical location, and the requirements of geometry. a a ) 
If no objections are raised, his location usually stands, an and, if court action ion ree: : b 


he is well prepared for defense. ib lo od? 

such a procedure, however, the survey work is costly indeed. It cannot 

-. be charged against the one parcel to be located. 7 In substance the surveyor 

has worked out the solution for all the lots in the tract. Thus he has been 

obliged to invest a considerable fund in the area and he must protect his ‘ 


4 investment. ‘He i is forced to use secret marks so that he alone can profit by 
additional surveys. in the same area, ‘and he must ‘maintain a complete office 


is 


record of his solution and of the marks which show it on the ground. Actually, 4 

ms a he e has created a a public benefit by his work, but this i is. available ilable only ¥ when he (if ‘ 
& pe long as surveys are made according to his solution and based on ar | 4 b 
system of marks, no difficulties will arise; but this is obviously i impossible. tan © 

‘The general public is unaware of the his marks and records and 
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properties Swill: ant necessarily be made to. agree with his and ier’ is 
every likelihood that his office will not continue long enough to make his — 
‘This leads to the second step in the reconstruction of land. surveying 
Pry A = office must be maintained under the direction of an able 


surveyor w 
tion is based on an accurate survey; that an adequate system. of ‘enduring 


location is consistent with the surrounding holdings. This may appear to be ay wt 
‘an impossibility, but such is not the case. Massachusetts, C. B. Humphrey, 
_ Land Court Engineer, performs all of these functions for land to be registered _ 
in the State.‘ | After a land court decree, an official | plat i is drawn, so. cto oes = 


a monuments exists to mark the property permanently; and, finally, that the . 


“important silt would necsasitate the appointment of a 

_ surveyor- -general with a deputy at each registry office. An unnecessary hard-— 
+e i ship would be created if it were made obligatory to bring all land under a 
"system at once, as a certain fee would be required to cover the costs to the - 
‘State, ‘It would be better to require that, in order to record a deed to property 
assessed at perhaps $75 per front foot, there must be attached, in lieu of a 
description, a plat of the property issued by the deputy surveyor- -general, 5 
This would stabilize property lines where the need was greatest, and ‘Tequire 4 
by law only an expenditure for surveys” which should be made in any event 
under present conditions. ‘Under this arrangement, the surveys would be 
ade by private surveyors to whom the records of the deputy surveyor-general — a 
ould be available. Their work would be checked, as is done in Massachu. 
setts, and any control surveys necessary for solution where inconsistencies _ 
"developed would be made by the ‘surveyor-general’s staff. Should suit be . 


brought threatening any location “prescribed, the sutveyor-general would be 


“required to defend the owner. As his records would probably be very com- > 


plete, unless a blunder had been made, his evidence should be sufficient to 7 


With: State co-ordinate systems, ore even local systems, officially 
“atked, recorded, and maintained by a proper bureau, the first difficulty 


would be eliminated, namely, indefinite initial position and direction. With 
_ an able surveyor- r-general there would be a gradual elimination of the ¢ incon- 


a sistencies due to: (1) Previous indefinite points of beginning; (2) old surveys a 
made when the land had less value; (3) faulty and (4) blunders 


: Adverse possession still remains, however, as a factor with disruptive possi- 


bilities. It is based on a principle of major importance. _ Possession is said — 
| tobe nine-tenths of the law; and it is very proper that it should be e so consid- 


State-Wide Surveying Practice in Massachusetts: A Symposium,” by Elmer Houdlette a 
ce B. Humphrey, vocesdinge, Am. Soc. C. E., 
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as its effect is to . It protects the owner against the 
“innumerable possibilities of snes of title to all or part of his land which all ; 3 


cree 


this defect and seduee- the difficulties connected with title search, 


_ the Torrens System | was | devised, and in some form has been. adopted in a : 


Pr; Briefly, the Torrens System provides the ne means of obtaining a certificate — i 


= ownership when a ‘petition is presented i in court. " ‘The original certificate i is. “5 
_ kept at the office of registry, and a duplicate is given to the owner. This a 
certificate | is complete evidence of title. On it must appear a record re all 4 
liens against the property, except Federal liens and ‘recent tax liens. . Refer- 
ences are given to the proper documents. Liens not appearing are ‘invalid, i 
hen the property changes hands, a new certificate i is, issued upon presentation 
of the owner's certificate and the filing of the deed. In order to procure the a3 
first certificate, the owner must apply to the court. The court appoints an 
examiner who makes a a thorough examination. “Upon receiving the examiner’ 3 


4 


_ report, all persons possibly interested are cited, and after a short interval the 

court holds a hearing and issues a decree. issues 
The ‘weakness of the system is twofold. Usually no attempt is to 
ik find the location of the property, nor to register its location. Also the peti- ‘7 c 


i. tioner bears the cost of registration, which is of no more advantage a at the om 


than an ordinary court decree. _ Although forms of the Torrens System have 

Bc been adopted i in many States, the extent of their use is negligible in spite ” 
the fact that all of the serious difficulties of search are eliminated, as is also 4 

ag the fear of unknown claims arising. of the Torrens Acts also establish 
:, an assurance fund to protect the petitioner if loss is incurred. _Itis question- A 
os able whether this i is a proper governmental function or should not be left to to 


A properly operated title company offers s considerably more security than 
e Torrens System. It brings about, unofficially, the elimination of location 
arduous title se search. Thus the owner is usually protected, 
against the threat of subsequent redetermination of his. boundaries as welll 


4 


— 
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and title search are quickly and accurately he doidw 

iz _ There is no assurance, however, that any company will be the sole reposi- A 

of all the survey records for any tract. Inconsistencies 1 may arise between 
the solutions of two companies. — Also, the title company system provides no i. 
means of clearing a clouded title, and frequently where location solutions, or 
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t In Massachusetts a been in since 1398, 
is 4 special ‘court, called the Land Court. Under this plan a are included all the r 


lements hecessary to the succeasiul of! land ownership. 


it t that certain are necessary to improve land surveys and 


title transfers. These elements can be obtained progressive steps, 


a es precise initial positions and directions so as to give descriptions definite 
and property definite position. These systems require enabling la laws, 

eer (b) Inconsistencies between deed descriptions may be eliminated by the 

- appointment of a surveyor-general to supervise the surveys and descriptions ban 
7 ie for properties above a certain unit value, when the deeds are to be eee 

_ He must make solutions for these inconsistencies in each tract required, main- Ae 

tain public records of his solutions, and defend his solutions in court. — wt ip 


4 te land court should be established; after proper citation of interested 


4 


- parties, and a review of examination of title, it will issue . a decree which wil a ss 
_ include a description approved by the surveyor-general, will constitute a bar- _ oe 
4 Mier to any prior inquiry into title, and will be filed at = office of the register 4 
(d) Finally, there is the question of simplification of current records. 
Whether * this can best be handled by title registration, or by title companies, ie 
appears to be a question. — ‘Certainly a title company can render more varied | 
and comprehensive service. Probably the answer lies in the ability, 


administration of the title companies themselves. 
None these essential elements is revolutionary or ‘especially costly. 


smi surveyor-general would perform : a service which is required at present. — 
5 He would function only by bringing under one nas all the unco-ordinated — 


records of all solutions, as well as complete abstracts of title for 
the tracts of land where they operate, although maintenance of the survey 
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Bs efforts of many land surveyors privately attempting ‘to make solutions for 
boundary tangles, which, to be effective, must be of public reco nd =190s bcd 
ae The land court is only an assignment of certain of the present judiciary. 


e to a court which will handle all real estate title matters. It has been estimated 


3 that a decree to confirm title would cost the State little, or nothing, and the _ 
‘Title companies under such a insure with less risk and there- 


fore for lower fees. The difficulty of maintaining their records would 


: With these objectives as a goal and with the concentrated effort of f all who 


~ 


i understand these problems ‘and realize their importance, the attainment of 


proper methods for land surveys and title transfers cannot be far in the future — 4 


Poca and the people can look forward with considerable hope that the present 
=| Le inadequate, archaic, costly, and wasteful methods | of determining land ow owner. 
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extends finds little to question ot diapute in Professor 
Kissam’s summary of the situation. Changes i in land-surveying and title- 
a “proving procedures must come, and are in fact } already slowly beginning, along a 
suggested by the author. bails tte tad’ fv} > thle ari 
seems to be no question but that surveying equipment; skill, 


= opinion as to what should be done; but they may find a discouraging amount © a 
of inertia in trying to get the recommended procedures actually used. ol ae 
would s seem that the Committee should organize itself for a long-range program _ 

two parts: Relatively simple (and apparently well advanced) to get 

agreement on sound basic procedures between the legal and engineering +. 

 fessions; and (2) (and much more difficult) to get procedures adopted and 

2 There is one matter which the author’s summary does not seem to cover, 

ef “and which seems to the writer to be of greatest importance in the matter of Fr 

at? _ improved land surveys—that is, improvement in the accuracy o 

and resulting descriptions or plats. Accurate co-ordinates will permit ‘the nts 

accurate replacement of any lost corner by means of routine surveys; but they 
are a result of, and not a cause of, accurate surveys. Hence, it seems to the > a 
writer that more emphasis needs to be placed on accuracy of the surveys, I 
whether these be control surveys, boundary traverses, or traverses connecting | 
Control surveys to the boundary surveys. It is the writer's belief that 


‘all the accurate surveys had been tied neous and computed on & State-wide 4 
co-ordinate system, there would be practically no difficulty of any kind in z * 
_Te-establishing lost corners. In other words, the simple requirement that 
boundary surveys shall be co-ordinated through traverse connections to co- a ; a 
- ordinated control points, although of the greatest importance, is not in itself — as 
: sufficient—there must be the requirement that these surveys shall be of a cer- _ ae 
tain degree of accuracy and 
The outstanding proof of this contention is the difficulty, almost everywhere “es 
_ encountered, of re-establishing in their original locations the township, range, path’ = 
section, and. quarter-section corners of the older public-land surveys of the 
United States. These old subdivision surveys practically cor constitute in 


Selves a series es of co-ordinate sys Had the surveys all been made 
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a the original locations of lost corners from the bearings and oe 
Se ee: alone. The principal difficulty i is that the old surveys, many of them 
contractors without proper supervision or inspection, 

. were e not of uniform accuracy, and also that xa had more than their ‘share eo 


Another important point, from a is that sur 


_ veyors should be careful to see that all published measurements and co-ordinates — 
4 of the same course or point are in agreement. This has been stressed by A. H. a 
Holt, M. Am. Soc. C. o illustrate by a simple case, the writer saw con 
— siderable ridicule heaped on two reputable surveyors several years ago because 
they showed different distances for the same course on two adjoining record = 
plats. ‘The course in question 1 was about 900 ft long; it was flat , open, and i in 
aa every way conducive to accurate taping, and was the dividing line between re 
a two new building-lot subdivisions in a large Ohio city. Later investigation — 
- revealed that Surveyor A, _ whose tract was subdivided first, measured this 
5 course on a hot summer day, with his tape supported flat on the ground, and 
ae _ stretched under high tension. Surveyor | B, whose tract was subdivided the — 
a3 following winter, measured the same course, at a temperature just a little above 
_- Zero, with the tape suspended 2 or 3 ft above the ground, and stretched under me 
relatively low tension. The two distances thus determined by the two 
: __-veyors differed by nearly 1 ft; yet both did accurate field taping. If the mene 
a = field-computed distances had been corrected in the office for temperature, pull, 


' ty: * and sag, the two final distances as determined by A and B would have agreed — 


within a few hundredths of a foot. Publishing of the two uncorrected, different 


distances caused considerable confusion among, and ridicule from, public 
Officials and others who had to use the two plats. | 
Parr KissaM, 7 Assoc. M. Am. Soc. C. E. (by letter).—There seems to 
2 a be no question but that the methods involved i in land transfer and land survey- — 
7 ae ing records are in need of thorough revision. — Co-operation | between the engi- ef 
neering - profession | and the legal profession is essential if this objective is to be . 


‘ : obtained. As Mr. Whitmore has stated, the Joint Committee may find that — 


, for land descriptions. The lawyer must have a . survey and a a description n which rt 
_ identify the land. The engineer requires positive determination of the bound- as 


first glance these objectives may seem to be identical. 
is. 2 og Suppose, for example, a residential lot were located in an area where the — 
ae _ Streets were not monumented but where there was a pair of arbitrarily placed 


survey control monuments for which the State. plane co-ordinates had been 


Trends in Boundary Surveying,” by A. H. Holt, Civil Engineering, June, 1939, p. 330. 
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is is relatively | little difference of opinion as toy what should | be « done. 
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i determined accurately. To safeguard the title properly, the identity of the lot i 

must be established. If street lines and distances from street intersections 
are mentioned (even if these lines are unmarked and quite indefinite), the lot 

is specifically identified. ‘The streets mentioned and the rough location of the 
a lots in the neighborhood are a matter of common knowledge; but, with such a - : 
description alone, t the land surveyor cannot mark the boundaries. 8. ‘Thus 
a description will satisfy the lawyer but not the engineer. 

4 ok locate the property properly, the best procedure would be to include, 

Q in the description, ties to the control monuments. - These ties alone, with the d i 

dimensions of the lot, would locate it specifically. However, the title examiner 

woul be unable t to assure himself that the lot so described was, in fact, the lot 
for which he was searching the title, and such a ‘a description, although satisf ying 

the engineer, would not be acceptable to the lawyer. 
ome From these divergent points of view, in the opinion of the writer, spring the — 
chief difficulties encountered in transfer to-day and the abortive attempts 

to rectify them. Aside from these considerations, however, basic’ 

r between the two professions i is not too difficult to obtain. ot ee 

ee Mr. Whitmore emphasizes the fact that an important difficulty ne 
the improvement in land-transfer procedure is the inertia that must be faced © 

4 to institute change, a beginning has certainly been made. | The work under 

Mr. Whitmore’s direction in the Tennessee Valley is one of the beginnings of — a 

such a change. _ His work is based on sound principles which will pay dividends 
inthe future. Again, Carl M. Berry,® Assoc. M. Am. Soc. C. E., has described 
_ another cadastral survey at the Grand Coulee Dam, based on these sound — 
a principles. Naturally, the first changes toward better methods will be found 4 
in the work of larger organizations and governmental units. State highway ae 
~ departments and county and municipal governments will utilize better methods —__ 


for property surveys. On the other hand, it is expected that the general adop- 


i tion of sound methods will not occur very rapidly but rather) will grow outward * 
‘from the centers established by the larger organizations, both public and ae q % 


‘The reat difficulty. which | prevents the more rapid adoption 


4 


~ 


> 


z Whitmore, is the lack of machinery for recording, properly, the foul of land 
‘surveyors’ work in the areas where conflicting survey evidence exists. Fr re- 
—_ a land surveyor must, of necessity, develop a solution for a nde . 
area containing many parcels in order to establish the location of one particular y 
parcel. There is no governmental agency which records the results of his work; . 
te is there simple machinery to obtain adjudication of his conclusions so that _ 
his work + may not be lost nor later challenged by another surveyor. With — 
é 7 recognition of his work properly recorded, there would be a tired 
_ Of location and a reduction of survey repetition. It will be necessary, there- A 


fore, not only | to overcome inertia, and divergent points of view between 


,. *“Combining Geodetic Survey Methods with Cadastral Surveys,” by Carl M. Berry, Proceedings es 
Am, Soe, C. E., September, 1989, p. 1158, 
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_ ‘OF AN OPEN- CHANNEL 


By K KARL F R. KENNISON," Soc. CE 
; By Messrs. L. STREETER, Emery H. WIuues, , Ropert 
O. Franx S. Bartey, Gzorce E. BARNES, AND Karu Kenn 
ace. designing a an open 1 channel to measure the flow of water, the shape of ; 
. "the controlling section to produce any desired rating curve can be determined 
ad definite mathematical relationship, the expression of which is claimed to 
be new, and to have possibilities in the application to practical problems, } 
An analysis of the problem is contained in this paper. For example, if it is — 
3 desired to modify ¢ a Venturi flume so that the rating curve at the given piesom-— 5 
eter section immediately up stream from the controlling throat will be a pre-— ¥, 
rs determined convenient straight line, it can be done readily by the method 


presented herein. a The writer first outlines the principles involved and arrives a 


| 


= the desired rating, and then illustrates the application by the solution of 


ET? 


 cut-and- -try computations. nis However, the writer has frequently made designs 
of this character and has beer intrigued by the observation that, even with | 
-_ precision so extreme that it seems unjustifiable, such cut-and- -try computations | 
do not give the true theoretical dimensions of the control. For example, at 

‘ 3 any depth of flow there may be identical velocities, Ww with a great variety ( of 
= te section shapes, as long as the section areas are the ‘same, excess width at one 
point. being offset by decreased width at another. fact, two controlling 


sections ¢ can be quite different in general appearance; that is, they can have 
M2 = relationship between depth and width and yet their two curves 0 


-» Met. ‘Dist. W Water Comm., of M Boston, M 
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~CHANNEL CONTRO 


4 fo »* against depth, can be so nearly ke that the resulting rating a 
curves are the same within the precision expected in hydraulic computations. Wy 
For this reason, cut-and-try computations fail to reveal the true theoretical ; 

hape of a . controlling section required to produce a given rating curve, al . 4 


. were by the ‘mathematical encountered. 


oA solution i is presented herein which obtains the desired result—namely, simple 
for the width h and depth of the sontrolling, section in terms: of the 


to Fig. 1, it is required to find d, and | Bei in terms of the desired 
- rating curve—that is, in terms of Q, d,, S and the elements of the given pie- 
ameter section, or combinations of them, A», and H,. The frictional 

loss, hy is relatively quite small and the first eenaa in n the mane of Bo 


ot. — 


Velocity 


— simplicity is to neglect it and to assume H, equal to H, in finding 
thee expressions ford, and B,. Itis practical as well as accurate and convenient 
_ to do this and to take the relatively small amount of friction into a account later 


finding the actual dimensions in any specific problem. 
Three general equations, to any conditions and variations of a 


flow, through any type of section, even a whose dimensions 


s the condition’ of critical | flow | through a given controlling section. 


| Equation (2) also becomes general if m’ and n’ are substituted for m and n, 
=m Qtn 


— 
faras practical results are concerned. 
The writer has long felt the need of bet hu 
a etter understanding of the principles 
hey goths ag ag — 
fe 
— 
urth general formula— pe 
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oppn-cHANNEL CONTROL 
Combining Equations (1) and (3): oe ad 
2 


There are five variables in this general | equation. To expedite the 3 
7 ~ consider s a ‘continuous variation of flow, in a ‘section of | given dimensions, under 
constant head H,. When the desired critical depth is reached, the 
2 charge Q is at its maximum rate; and, m’ and n’ hosing m and Nn, which are 4 
constant because H, is constant. in any given section the : area 
Ta with the depth and vice versa, and for present purposes one may assum 


to be some of Ae by dd, (function of A,) dA.. 


and n’ and (function of A.) dA. instead of dd.. Asaresult: 


As 


Si nce Qi is a maximum, 


or m’ ar yn (4) it 


Again, substituting m : and n for m’ and n’ in Equation 


and, eliminating Q, that 


‘Since B. is the differential of A. with one can n differentiate que 


tion (8), m and n continuing constant as before; thus: ita anol 


tata! ott to, soled od baw a 
‘ombining Equation (9) with Equation (6) to eliminate A,: 


OG 


(7) and ( 10) are ‘simple expressions for the depth and width 


at the controlling section, in terms of m and n; and the latter may be expressed 


= varies as the sq square of utes of is” i 
—* that of the velocity; and, since velocity varies as quantity discharged — « 
and inversely as area, its rate of ore is the difference between those et the 
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4 is obvious that dA, = By ddy, and hence oY agole 


b 

Combining Equations ay, ‘end aa) to the 


in Equations (7) and (10) to determine the precise theoretical 
of the ree section necessary to produce the desifed rating, = 


-_. condition, free from cross currents and pegs in which the peer 


of flow are horizontal, and the pressure proportional to the depth. A satis- 
factory condition in this respect, will not be obtained at the throat of ae 
controlling section if the latter is too short or its immediate approach too Pe 
— suddenly contracted. — Iti is not the purpose of this paper to discuss the proper ; 
design of a contraction to produce a smooth horizontal flow. A sufficiently — 
gradual section change to a throat or crest which is not too short in the direc- a 
4 oa of flow , together with a sufficient length of the critical throat section to — 
straighten the filaments, will result in a condition of flow past the controlling — 
section which approaches remarkably close to the perfection séught. oie 
example, in the writer’s experience, a properly designed, flat-crested, sub- 
‘merged weir is an extremely accurate measuring device and one which ena 
little if any difference between theoretical and actual rates of mn. ada 
However, it is not the intention to disclaim the practical necessity of modif ying 
the theoretical relationships by an empirical coefficient, since the principal — 


purpose of this paper is to analyze and present these 
_. This practical necessity for an appreciable length of water travel between a 


“the ‘Piezometer section and t the controlling section results in a fric~ 


q 
Thus, the values of the convenient intermediaries m and n are givenin Equa- 
Bs | tions (14) and (15), in terms of the desired rating curve and the known ele- ia 
: 
— 
— 
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‘CONTROL 58 ‘SECTION 
tional the two. loss is relatively small may 


_ pensated for. by constructing the entire measuring device on a slight ‘lope My 


—«dti is generally so small that rough computations and estimates of the weighted 
average e hydraulic elements and coefficient of roughness will indicate | 


® - appropriate slope to be given to the invert or reference plane of the measuring 


_ Ssh Although such a fixed slope will generally se sufficient to ‘compensate for 


5 will give the frictional bien or slope of the total-energy gradient between the a 


_ piezometer section and the controlling section for different rates of discharge. ml : 


In a device of the type under discussion, this slope will be fairly constant 
_ throughout a considerable range of the lower rates of discharge but will increase — 


re _ noticeably at the higher rates. Hence | one may select, arbitrarily, a fixed 
slope for the invert or reference e plane which will compensate for the frictional — 
loss at the lower rates of discharge, so that only at the ye rates of penne. 


1 for. The easiest and most satisfactory | way to do this j is to wre des a curve of ne a 
computed values of for different values of from which the 


dht 


from m. Equation (14) 


and Equation (15) becomes hoe ae 


friction is neglected (that is, if one does not wish to use to. 


we 


which corrections for excess frictional loss at the higher rates of flow can be - 
applied as described herein) Equations (7), (10), (14), and (15) can be com-— 


bined to obtain the dimensions of the critical section in terms of the. desired — Z rf 


rating curve and of the known elements of the given piezometer section, — 


_ without using the values of m and n. Thus, for the drop in water Iowa: be- 


tween the piezometer section and the controlling section; 


_ The width of the controlling section can be expressed similarly, but the equa- 7 


Example 1. 1—In Fig. 2, a piezometer section is chosen arbitrarily, as an 
ae example, with a 3-ft bottom width, a 3-ft — and side slopes of 4 on f 
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The rating curve is also” ity’; as a straight line maximum 
; "discharge being 28.3 cu ft per sec. Of course, such a line must show, at all + ia 
<< a definitely greater depth, less discharge, than could pass the piezom- ra 
eter section itself as a controlling section. | Otherwise, because of the well- 

; understood tendency toward the propagation of surface waves, a ‘definite 

telation between rate of discharge and depth at the piezometer section would 

be assured at the lesser depths. To insure this condition the invert, 
f this example, is arbitrarily 1 raised 0.1 ft at the controlling ‘section (s (see Fig. 2), “af 
and the straight-line rating is drawn tangent to the rating | curve which od - 


SUMMARY OF Computations to DETERMINE Dimensions OF 


(Ten- Inch Slide-Rule Computations) 
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in Measured above the fixed reference plane. 
i } Intercept in the equation of the tangent to the total-energy rating curve, ‘euh that Hy = m(Q +n). 
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§ controlling section, m being irectly from Equation (18), and B, from Equa- — 
9) de from Equation (7) or directly from 


general case esented in this 


Plezometer 


o 
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Ezamp 2—Another example i is modeled after the so- -called open 
4 for measuring the flow of sewage. . As shown in Fig. 3(b), the piezometer 
section is ‘circular, 3 ft in diameter. The contraction of the invert of the 
4 controlling section | is made arbitrarily by using a center offset of 0.075 ft 
(see ‘Fig. x ae Asi in Example 1, the rating curve is an arbitrary wee line, 
the maximum discharge being 28, 3 cu ft per. sec 


te 


dy, in Feet | 


@ 


the correction for excess friction, | as well 
as its smallness, the velocities and nd hydra elements were computed at differ- 


ont depths in the case of this open nozzle. They indicated that the eves a= 


“Sutro Weir Investigations Pyenih Discharge Coefficients,” by F. T. Mavis, M. Am. 
ucek, Jun. Am. Soc. CE. and H. E. Howe, Engineering News-Record, November 12, 1936, p. pan. 
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‘ten (10). The shape of the controlling section 1s plotted from 
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geference should on 8 slope. of 0. 0019: to for ‘the 


a losses at the lesser and that at the greater the excess 


friction, hy, to be subtracted from Hy, and its rate of change, —— f to be sub- 
5 Ee tracted from m, are approximately . as shown by the supplementary graph in > a 
3(a). These corrections have hea applied as shown in the parentheses 
i ip Table 1 and result only i in a slight: widening of the upper part of the con- Res 
trolling section, as shown by the dotted line in Fig. 
‘The exact shape of the controlling section becomes relatively less important i 
the ‘depth d, increases. The r result is that, although a circular piezometer 
: ~ section, closed at the top, results in the peculiar theoretical shape of the ‘top 
of the controlling section shown in Fig. 3(6), the omission of this sharp i irregu- 
a larity, a and the substitution of any convenient arbitrary extension of the sid 
of the controlling section, merely results in a negligible gradual departure from 
y- es the straight-line rating at depths greater than 95% of the diameter. — The 
ia maximum | departure at full pipe is only about one-third « of 1% increase in the 
rate of discharge. invA tol setispst wolt lepitine eA 


The depth and width at the controlling section given by ‘Equations 


(00), a nd (18) are those which, if adhered to throughout the entire range 
> Zion, or depth, will result in the desired rating. This does not mean 
A that in any particular limited case another set of dimensions determined, for 
% example, by an approximate cut-and-try computation, will not fill the ‘specifi ee 


depths; and, a knowledge of the theoretically correct shape cannot fail to 
ir contribute to - design in the selection of dimensions to fit the conditions 


ad 


- cations satisfactorily. However, the section dimensioned by these formulas a 
is the only one that will be theoretically correct throughout the entire range — 


— 
— 
— 
A 
— 
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a 
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VL. M. Am. Soc. C. E. (by letter) .—The theoretic 


~ solution for an open-channel ‘control: section, presented in this paper, will be 
_ of value to the designing engineer. The writer, however, found the derivation 
difficult to understand, 4 as s to. how (2) requires the condi- 


"Equation (5) is ‘set equal to. ‘ero for maximum discharge. Although the 
4 theoretical solution g given by the author results in correct ‘final equations, the iP 


As critical flow requires maximum discharge ter a given available energy head, 
Equation (19) will be differentiated with respect to Ag 


Your. 


dd. =dA,, Equation (21) ‘coritains ‘the two unknowns B, and . 
determine | another relationship involving the two unknowns, differentiate 


a 


(23) 


which contains one «Equations ane heat are equivalent to 
=> 


Equations (10) a and 


form: 


- 


— 


— 
— 
— 
— 
— 
— 
— 
— 
— 
¥ : 
ie 
itt 
— 

i 
| 
— 
| 
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(in which fi andj fs n aden may be determined 


designing the control, (19), (21), (23), and (26) are needed 


= range of capacity of ith values of dQ’ 
quation (23), and with A, known, values 0 = > are found icin Equation 
al). Corresponding values of de are obtained from Equation 


‘wavel between the piezometer section and control section, for various dis- _ 


tion (23) ‘then 


4 
3 $i 


~ 


— to be commended on 1 his unique approach to a problem, which, due to hah 


of finding a simple theoretical solution. by expressing 
_ Width B, and the depth d, of the controlling section in terms of the slope m an ae 


é intercept n of the tangent to the total energy-curve, followed, in turn, by oe 
_ pressing m and n in terms of the slope S of the rating curve and the known ele- 
_ ments of the piezometer section, the author has presented a simple’and ieee 


lution to this seemingly non- ‘able problem. 


The writer, however, is unable to follow the author from Equation (5) to 
~ Equation (6) It is obvious from Equation (5) that Q* — f(A.) = 


om om Equation (6) that g =0. Then, by: substitution, Equation 
becomes the indefinite relationship ° =0. 7 Equation (6) may also be obtained 

= instead of 0. Thus, since = = 0; 

This is very perplexing and led the writer to investigate f(A.) 


a 
— 
— 
— 
a 
© 
— 
— 


4 


Refer r ing g to ©, 


(242040 - 2Q@ A. 


gAd d 
mplifying, and solving for. 


foregoing investigation is | leading the writer | no nearer Equation (6) 
By: * oil the final solution. a Therefore, since the author’s solution revolves around 


_ Equation (6), the er presents the following — From Equations (1c) 


nd, because m and n are constant at the critical section, dQ = 


= 2 = 
on From ] (1a) an and d (1b): h Az ; and, d, = 
2QdQ g hee A. aA, +2 g AZ and, 4a 


Combining and (86) and solving for vit le 
agro! Loe 


hye 


Equations (1a), (1), J H, =d, + Aye = dex = d, + 


29 (Hy Ad — AZ d.); 
(2 A- dA, — 2 de dA, — 

H, dA. A.d dhe | = Q; ‘and, solving for H 

A 


29 


and, since Hp _ assumed constant, Q 


7 
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tion = and d, Comb with 


Writing the , differential of Equation (39): 

dA, — Ae dB, ‘fon 
jou ona he bite ewolt. auld OF ib svode 


Equations (32), | (37), (39), and (40), and solving al algebraically 


strained, however, to offer : a a few ‘criticisms and suggeations with a view | to. 
more complete understanding of the hydraulic action of a control such as has" = 


n proposed. - To that end the following equations are presented, using only 


one intermediary, m, to determine the elements of the control section: 


bc 


4 2 hop (1. 00 sis V> B, Ss of nw as 


hat The use of Equations (42) to (44) will require less computation than’ those 3 

‘The mathematical correctness of the method “proposed by the author is 
question, but the writer entertains doubts as to the practical 


4 renee would seriously affect the conditions of flow i inthecanal. It is a condi- 

- tion of the design that the total energy head on the moving water prism ‘dal 

; be the same, neglecting friction, at the piezometer section and at the control. — 
; Since the flow through the control is at critical depth, this condition definitely 


Junior Engr., Rapid Transit Design, City Engr. Office, Los Angeles, Te 
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THOMAS ON -CHANNEL CONTROL. 


ya establishes the water surface at both points. —Itis also a& condition of the desig’ 
the canal shall carry less water than it ‘otherwise would, if the control 
‘Station were omitted. This condition alone leads to the conclusion that the 
channel could not be designed economically, because the cross-section would 
a: necessity, be larger than would ordinarily | be required to: convey the giv a 


at the piezometer section is not that which can be maintained in ‘the channel — 

above, due to the fact that the flows and depths at this section are not those & 
which would result from uniform flow. Assuming a concrete-lined channel, 
with “n” equal to 0. 014, Table 2 (Column (3)) gives the slopes necessary to 


‘Maintain a uniform flow in the above the  piezometer section. ‘on 


TABLE 2.—Cuanne “TABLE 3.—FLow IN 4 TRAPEZODAL 


a Velocity 
Va, 


4 doin it is a requisite, for ‘the proper functioning of the waa that the | 
channel be built so that the depth for any flow, at the piezometer section, will 4 


. n denotes uniform flow, and p denotes flow at the piezometer section. aad Se 


with these constants for the flowsin Table2, 

: ay For the larger flows there will be a considerable drop in the water surface in 

a passing up stream from the piezometer section. : The maximum flow that can 
_ pass the control section utilises only a portion of the channel capacity after — 
7 uniform flow is attained. | The channel, as designed on this slope, w would carry 


of illustration. ‘Table 3 gives the hydraulic elements 


-@ maximum flow of 43.5 cu ft a ‘sec, in uniform flow with a depth of 3 ft. 


28.3 
h 
The efficiency of the channel, therefore, is only 735 65 cent. Itist 


writer contention that the construction of a one can only be utilized 


“for a portion o of its a a capacity, due due to the ex existence of a bottleneck at the , 


— 
de 
pt 
i 
— 
— 
a 
— 
q eet eet p t | 
— 2.50 | 23.21 | 0.000588 |} 200 | 334 | | 2173 | 2602 
> 2.00 18.12 | 0.00061 168 | 311 | 0150 | 1830 | 210 | L 
080 | 589 | || O78 | 227 | | O860 | os FF 
0418 | 2.00 | || 040 | 165 | 0.042 | 0442 | 0455 
— 
gFeate Gepun To! orm HOW, ODVIOUS Thal the slope Must be = 
greater than any calculated slope in Table 2. The effect of this will be to cause 
backwater curve extending up stream from the section to' the sec> 
writer hac accumad a clone of 0019 with » anual to 0.014, for the i 
as computed § 
— f 
— 
— 
— 
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ON OPEN- -~CHANNEL SECTION 


with little interference, if f any, with the flow water it in a the 

accuracy with which flow conditions in the main may be predicted. 

iter is of the opinion that the convenience of a straight-line relation- 

r9 ship between depth and discharge is not sufficient to justify the uneconomic | 


over-design 0 ‘the channel section which i ‘is necessitated its use. 


¥ . seems to have assigned himself a difficult task and performed it very ingeniously. 
‘The writer’s first i impression of this paper Was: that it was t too complicated | for 
.- understanding and possibly i in this case the first impression was the best. a 


However, during a leisure hour he began trying to follow the author’s reasoning 4 


to check the equations he has derived. okt Jacinta. 

Becoming puzzled over Equation (6) he wrote a letter. of inquiry to the m: 


i _ +“*** if (5) is equated to 0, we find that this e equation i is satisfied if any ber 
of the factors are equated to0. In other words,Q —A?2gm=0. I did 
not think it necessary to call attention to the other mathematical possibili- eas 
ties which have no our problem, for 


Although it is probably true, ,as Mr. Kennison states, that Q — 
the writer has not found why it must be so. He believes that Oey Sat 
and that 1 at te ded) ear ol 


Equation (5), obtained by E couldread 
an 9 Ae’ J Ae) 


in which f’ (As) sig signifies t the derivative “of f(A. ) with ‘respect to A.. ody Perhaps ig 


Equation (5) is just as valid; but. Equation (47) s seems more ‘complete. 


erring’ t to Fig. 4 it is, is evident that AA. = B, Ad,; and, in the limit, a A. 
= 


a ch is the derivative of f (A.). ‘Therefore, placing the numerator of Eau 


tion (47) equal to zero, the relation between Q and A. is as given by 


> 


the}  propeicty ¢ of having a factor in the which 
As the numerator must zero to satisfy (5) if the denominator is 


* East Braintree, Mass. 


Handbook of Hydraulics,” by Horace Williams King, MoGr Hill Book Co pany, 
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In- 


although n ot always. In any event factors in the de- 
nominator must, necessity, be equal to zero, as the denominator may 
od Yai ant ‘have almost any value and 
B, 


lane that. Q 0, if the numerator is 


“Fie. 
ait wolfe ot of Ro od wrod in! | 


as “a general criterion, applicable to ‘all indicating the relation be 


| Giteen cross-section and discharge which must exist in order that flow me occur 


critical depth.’ Equation (48) res resolves to 


i is identical with Equation (466) if. = being the width of 
_ _The writer has made a rough calculation of the area A., corresponding to 
a flow Q of 28.3 cu ft per sec, by using values given for d. and B, in Table 1(a 
” In this calculation it was ; assumed that the sides of the section in ‘Fig. 2 hoe 
_ straight between the d-intervals. As the sides are curved, the value of 3.34 
ft, obtained for Az, is a little too o large. 


this value is amend in Equation (48), the re resulting numerical exp is 


1.092 32.2 
Bo found to be very close to 3.00 (which is probably the case), Equation (48) at: 
check exactly and would be a proof of the correctness of Mr. Kenni te 
Groner E. Barnes," M. Am. Soc. C. E. (by letter).—On the subject of 
_ open-channel | control sections, the author is to be credited with: (1) Definition — 
aa the problem in general terms amenable to analysis, (2) dev velopment ¢ of the 
topic by several original steps, and (3) valid conclusions and results, including ee 
Unfortunately, the ‘validity of the author’s derived ‘equations is not es 


: @ tablished by the methods followed i in the paper. Equations (7), (10), (14); and 


(15) depend | on Equation (6). writer challenges the author to defend his 
— of Equation (6) on the basis of the reasoning given in the paper— if 


ou 4u Hydr. and San. Eng., and of Civ. Eng., Case School of Appli Science, Cleveland, 
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et namely, ? igince ou is a rial can be equated to 0 so that the relation 


Q and A,is Q = Ac 2 


if Fig. 5)i is of such form that Q becomes & maximum at come particular value of a 
designated a as the critical depth. Since da ° or 7738 known to be continuous and 


a is known to change i in sign fro: from plus to minus at the point of critical depth, the 


‘slope of the tangent to the curve at that point is zero. Therefore, the numerator 
a of the ne right- hand side of Equation (5) is equal to zero when the denominator is pF 
not _ However, if both numerator and denominator rare at de, further 


assumption that the denominator i is equal to zero cannot be without 


adequate proof. Lacking « such proof, the correctness of the succeeding ec equa- 


‘The method used by the | writer to determine the author’s equations is as 


P follows: In any open channel of whatever cross-section, the elevation of ok nit 


gradient e channel bed i is H = =h As For any 


2 
Fro. 5 Fie 
particular value of Q the obese 2 proportions for which H is a minimum (low 


a 


— 
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By definition, the slope ru the rating curve is 


ory 


4 


Q 


4 
4 


establishes: the validity of (6). writer 
f. hei checked and concurs with the subsequent derivations leading to the working 3 : 


formulas, Equations (7), (10), (14), and (15). 


Acheck is secured on the author’s computations for the trapesoidal section, 
at peak discharge, as follows: The “required value of A, = | Sas 1.092 


Bes = 3. 01. if the control section is plotted to scale, the planimetered value of Aa 


ta 


H, (Equation (1c)), which proves to be the case, provided that the rt 
res. is reference pre for both control : and piezometer sections i is taken at the bottom — 1 


of the piezometer section for the values shownin 


a a The writer would also like to comment on certain matters touched upon in 
a oe the paper, bearing on applications of the method and practical considerations. e 


A control section is one at which the: minimum energy head for any discharge 
is independent of the energy head down stream. The particular control section 


a = fe to be adopted for any given case depends first on the function it is to ee nae” 
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ON OPEN-CHANNEL CONTROL 


er, perhaps less common, is s that of regulating velocities up up stream. ream. With — 
intelligent design, it is possible to combine the two functions i in one structure, © 


for the other. In the matter of measurement, ‘sensitivity of the 
level with respect to discharge is important. In the matter of = 


a on the saiatien of a suitable control section. The author’s statement that his 
method claimed * * to have possibilities in the application to practical 
-_ problems” ’ is a modest one. The writer believes that the author’s paper, if 


read with understanding, will do much to offset a tendency, sometimes noted, 


investigation, in situations where an original design is much to be 
ei In the general case, , when flow is at critical depth, the v elocity head is half . 
the average depth (see Equation (52b)), and the energy head at the control = 
section is 1.5 average: Of course, this i is Hy minus losses. ‘Where both 


~Fiow IN SecTions Dussanan ron Gurr (Mopat (a) “Warp 
New York, N. Y. (Fiow Equiva.ent To 86 Cu Fr rzr Szc); LaxEwoon, Omo 
¢ 


3 - equation, H, = H, + losses, expressed i in terms of the variables including ie 
- May be set up without great difficulty. _ However, except for the very erie 


Cases, ‘its solution may be too complicated for handling “except by ““out-and- 


— 
; 
~ 
| 
the control section on velocity distribution up stream may be important as 
— 
— 
— 
4 
3 
a 
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for the of measuring discharge, or for ‘regulating v velocities, 
or both (see Fig. 7). In such eases, the velocity head in the grit chamber is oS 
bia~~s small as to be practically negligible, and the difference in water-surf ace elevation — 
BS ae between the control section and the up-stream section may be taken as the oa 
¢ > velocity head at critical depth in the control section, plus the head loss in o 
= transition. _ The head loss in the transition may be quite closely tan a 
ie if necessary, determined by experiment, as a function of this velocity head. 
The following simplified equation may then be written 


in which Zo = the water-surface elevation in the grit Z.= invert 
Zz . - elevation in the control section. . Itis important to note in this connection that 
4 conditions may permit designing the | up-stream section to fit a suitable phen 
nt section, , as an alternate to the more obvious procedure of designing the control 
sae ‘section with res spect to the up-stream section. By arbitrary proportioning oft 
the control section and the up-stream section, suitable design for a given range ce 
if _ of flows often may be secured with readiness."* Such cut-and-try methods, e 
i. stated by the a uthor, may be just as useful and important as others. we & 
If the performance of the control section is to be measured, it will probably 
with piezometers located either at the up-stream section or at the control 
section, or r both. Sc -Piezometer readings are most likely to be accurate when 
c P taken in sections of undisturbed flow, at low velocities, and in the absence o 
standing waves Or Cross currents. — Fig. 7 illustrates the occurrence ofs standin 
waves in the throat of two different control sections, and the comparativel 
smooth and undisturbed surface condition up stream. Thus there is likely 
be! better a agreement nt between tl the hydraulic gradient : and the piezometer reading . 
when observations | are taken at the up-stream section. Furthermore, for 
given rating curve with Q varying from zero to some peak discharge, the range : f 
oof depth i in the up-stream section is greater { than at the control section, and 
consequently the up-stream water-surface level is a more sensitive indicato a 
_ than the control section water-surface level. In some cases, adherence to the - 3 
-& belief that critical depth can be measured with piezometers at si some point ai 


an 


‘A 


on 


in the control section has s resulted in in the installation of « open-channel n measuring rx 
devices yng are less sensitive than they might be with the piezometers located + 
up stream. hroughout his paper, the author refers to the ‘up-stream section 
asthe piezometer section. This would seem to ‘imply, although it is not specifi- 
cally stated, that the location of piezometers in the  up-stream section is 
“a or to be expected. — In. any case, and for the reasons outlined previously rl Cae 
the writer would recommend strongly that, in the usual situation, piesometer — = | 
be taken up stream rather than at the control section. 
ra ‘The: writer is not quite clear as to the author’s statement that the reason for 
_ raising the invert of the channel at the control section by some arbitrary amount ag 
a is to offset any tendency t toward ‘surface waves. Of course, ‘iti is necessary to 4 
raise the invert, or otherwise to constrict the control section, to insure that 4 
there i is a localized break in the hydraulic gradient. Otherwise the true location 
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OPEN- CONTROL SECTION 763 

of the section not be known so . The author doesnot 
point out other means for constricting the control section which are , perhaps” 
equally suitable. In the writer’s experience, it has often been to 


devel with, or without, raising ‘the invert. wire! jad Toa if) 
e: i oP ai The author limits the scope of his paper to a Precise statement of the theory ia 


a discussion by the writer of practical considerations would be hedad the limits pt 
of the paper as written. The paper is remarkably comprehensive, considering — 
- its brevity, a and is written with an accurate conception of the practical aspects a 4 
of the the prods nodw aomit sd io oft 


a0: tog blwoda aint Jud covwo iwisw-dond w ue? 
Karn R. Kennison,” M. Am. Soc. C. E. (by letter) —There is a reason- 


E- able unanimity : among the various discussions as to the correctness of the theory ha 


advanced and conclusions reached. It is evident that the writer’ aversion 
to the publication, in Proceedings, of lengthy details of mathematical equations — a 

ra has gotten him into ‘difficulties and led to the expenditure « of much time and = 
a effort by those discussing the paper which might have been avoided. a vod il ce 


Prior t to its last-minute hasty revision, the paper contained the following — 
explanation of the method of finding g Equation (6), which should meet, satis- 
faetorily, the criticism properly at the explanation as published: Com- 5 
bining Equations (1) and (2), Equation (4), adapted to the condition of critical 


=m n— d- 


ig _ ‘There are five variables i in | Equation (57), but mand n are siti for small or 
2s joa changes in the others and hence do not affect, other than as con- 3 


- stants, the relation which it is desired to find between the other three. One of. 
the conditions that makes the section a controlling or critical section is that, 
fora any one value of the variable « depth d, and with the same relation wee ory 
all the variables and this tentatively constant depth, the area A, must be the fF 
af minimum area that will satisfy the e equation; because if any smaller area at = 
; ae such constant depth could discharge as much as the rs rating curve calls for, then a ; 
is too large. That is, some other smaller critical section must be holding — 


the water back. Accordingly, for present purposes, one may: Tentatively — 


sider Nn, and de as constants; differentiate Equation (57) with respect to 

bx: te the variables Q and = since A isa minimum and —~ equal to 0—write: ~ 


the discussion, such as that of Mr. Willes Mr. Barnes, are very 
ss Mr. Streeter questions why Equation (2) requires the condition of critical ig “ 
flow. . This is because it involves m and n which, by definition, are tied to Lael 
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— 
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ie 
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~ It is impossible for the writer to follow the reasoning of Mr. Thomas in his 
‘hadaatae the use of such a controlling section precludes an pareherre= 
approach channel. Whatever the maximum discharge of the economically — 
e: oh designed channel is—whether 28.3 cu ft per sec or 43.5 cu ft per er sec—this i is, 
B. of oe what determines the maximum capacity of the controlling | section, 

a or the upper end of the desired rating curve. The slope of the rating curv 
fit conditions of head. if there is a dearth of available head 


design of the main channel in ony way, and any special modification of this 
. channel that might be needed would be confined to a very short length imme- _ x 


_ Answering some of the inquiries by Mr. Barnes: It i is true, and should be 
stated definitely, that the location of the piezometers is in the 
pas If they were near the control section, recording would be erratic and unpredict- __ 

cs ie! able, | because, when flow i is nearly at the critical depth, the upper and lower 
a Fae alternative s stages are so close together that the surface j jumps easily from one 
Ve to the other in waves. _ For the lower rates of flow, in the practical examples — 
; 7” given f for illustration, this tendency would extend up stream to the piezometer Re 


section if the invert at the control section were not raised to prevent it. ‘The 


s given which sought : a straight-line rating curve ~ 
Var 


& im nil 
' mt In conclusion the author is gratified to note an appreciation of the « compre- 


hensive character of this study and of its adaptation to practical aAOOP, 


4 


ag 
— 
— Within the range of desired flows there will be times when there issomenon- | 
niform flow o at: wate hint his sho d not affect the aronomins 
— 
te 
4 accurate recording Of water suriace depends on [forcing the alternative stages 

a : apart from each other. As Mr. Barnes points out the same thing could be done ed et 
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GRAPHICAL ARCH 1 ANA ALYSIS- APPLICABLE 


‘WILLIAM H. JUN. one oti 


Discussion BY Messrs. I. M. NELIDOV, AND H. JR. 
this pa paper : is presented a system, ‘mostly graphical, for analyzing unsym- 
- metrical fixed-end arches of variable thickness and radius under loads of — 
a The general equations of arch analysis are first written, from which the — 
deflections and stresses in the arch may be obtained. These equations ¢ are 
rr Bar modified to include the concept of a “trial crown | thrust,” this concept x 


me making it possible to obtain arch stresses and deflections with all necessar 


. when the greater part of the computations are » performed ¢ graphically. % 


The graphical constructions used i in evaluating the equations are developed, the 


; a? 
Pe procedure i is outlined in detail, and an illustrative ¢ example i is given. pee oe ae 


“ In 1936 the Design Division of The Metropolitan Water District of heheh i 
eee undertook the design of the Gene Wash and Copper Basin Dams - 
and 210 ft high which form reservoirs near the ‘easterly ‘end 
- the Colorado River Aqueduct. In analyzing the designs for these dams, a 
system of trial load analysis was developed and successfully applied, ee 


~ the e principles presented by C. H. How ell, M. Am. Soe. C. E., and the late Mr. 
C. bse ne ‘A most important part of this system was s the analysis | of the 


: Nore.—Published in January, 1939, Proceedings, 
a Engr., U. 8S. Engr. Office, Los Angeles, tho loe 
: 44 * Asst. Engr., U. 8S. Engr. Office, Los Angeles, Calif. uh. 
*“*High Arch Dams to Be Built ‘on Colorado River Westin Mites ome, Mareh, 


‘Transactions, Am. Soe. C. E. Vol. 93 (1929), p. add to th 
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_ Although, to date, the procedure presented for dam 

a arches, it is equally applicable to arches of other types. It covers any fixed-end 
Fass arch, symmetrical or otherwise, under any | loading or temperature re change. 
7 Deformations due to moment, thrust, shear, and uniform temperature ire change 


assumptions as to homogeneity of in the arch and the of 4 
a Hooke’s law are made. The arch is considered as cut at some point known'as— e ; 
3 the crown. The effect of either half of the arch upon the other is then replaced | 
a _ by three unknown forces acting at the crown, a moment, M,, and two direct 


forces, Ha nd ¥.. _ These three forces are applied to both halves of the arch, but e : 


crown forces. Equations are then written which give the 


oe "4 cantilever deflections at the crown (rotation, 8,, and translations, A 2 and A,), 


c As the crown deflections are the same for each half ‘of the arch, corresponding _ 

expressions for the two halves are equated, giving three formulas that may 
ot solved simultaneously for the values of the crown forces. With the crown 


determined, each of the arch is as cantilever under a 


Se been presented i in de ai 


derivation. Starting from this point, necessary changes are made in the equa- 
_ tions, and the graphical construction used in this method of arch an i 
Notation. symbols used in ‘this paper are defined whist they first 


appear and are assembled for reference in tl the Appendix. _ The ‘sign ¢ conven- 
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iin 1 1929, _ The crown for the left 
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_ The foregoing general approach to arch an 
— elsewhere® and in the following explanation it 1s assumed to be lamiliar tome 
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— effects of moment, thrust 4 
Rich,* M. Am, Soe, ( 
— of the arch are: __ 
§ Transactions, Am. Soc. C. E., Vol. 93 (1929), p. 1230. 
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Ports 


Rotation n at the er the crown: 


vertical deflection at the crown upward): 


Vessinta > a 


Hrys 


+ 


in which: 8, = the bone or rotation | of the arch center line, at t the crown 
ae counter-clockwise) ; / = a subscript that refers to the left half | of the — 4 
‘are; M, = moment in the arch, taken about the center line, due to external 
loads; x and y = rectangular co-ordinates with their origin at the crown center 
line 8 = length of a voussoir along the center line; E = = modulus of elasticity — 
‘in direct stress; ] = moment of inertia of a radial section of arch; V = v ertical - 
force at the crown; H = horizontal force at the crown; M, = mount in the | i WE 
af “arch at the crown; P, = thrust in the arch parallel to ‘the center li line, due to eS. 4 
external loads; a = angle between the X-axis and the center line of the arch; oo 
ee = thickness of the arch, normal to the center line; z, and y. = values of z * 


and y, respectively, for the abutment; 7 = temperature change (rise positive) ; = 4) 


shearing force due to external loads only;n = ratio of E to effective modu- * 


% 
lusi in shear { that i is, 5 ; and, e = thermal coefficient of expansion. 


Similar equations be written for the right side of the arch, with ap- 
op 


Tes It is convenient to write Equations (1), (2), a and (3) for thes me side of the ag 


EB.= a 


EA, = + + Bull + Cu V 4b) 


+ BuM, + Bull + + Du 


to the left sides of the « equations. 
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sy an example of the interpretation of this table, the B.-coefficients are written’ 


the left sides are e combined give new coefficients as follows: 


OM.4BH+C; 


three then gives the values of the crown forces, M,, H, and V. 


ow the presented herein, Equations (7) are replaced 


; another similar set of formulas, 
To show the need for this substitution, it will first be assumed that Equa- 


es vith may be substituted in Equations (7). Simultaneous solution of these 


tions (7) are being used. _ After the values of the crown forces have been deter- 
mined from them, each half of the arch is considered as a cantilever acting — 
: under a known system of loads.. From these loads, the moments, thrusts, 
i and shears in the arch are obtained, and from the latter, i in turn, the deflections 
are is found that in comparatively thin arch most of the 


ts in the pate are re found may aaa determine the a accuracy with = 


the deflections are — equation for moment in the 


tie the right half of the arch a similar equa 
" the term, V z. _ With ordinary loads on a thin ‘ele the value of Mz at any 
‘point will be negative and may be ten or a hundred times as large as the value vd 


if the external load and the arch are reasonably symmetrical the v; alues 


2 for cos? a, and combining terms, the values” 
— 
— 
— 
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The corresponding crown defiections for the two sides of the arch as given 
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cally same as the value of Mi. Thus, the value of depends 1 upon 


= the difference of two relatively large values, M,; and H Y; and a small percentage 
_ error in either of these values will make a large percentage error in M;. Using. 


: ; functions with enough a accuracy to obtain a satisfactory determination of defies. 


ee: To avoid this difficulty ' the concept of the “trial crown force” i is introduced i 


The value of H is considered as divided _ two arts, 


in which . H : is ‘the trial crown force. 


—— s previously explained except that the value of H that is determined is not = ie: 
af, the true horizontal crown thrust but is H,, that part of the crown thrust tl that ies 
not included in the trial crown thrust, H:. To avoid confusion, however, 

_ Equations (4), (7), and (8) are rewritten using a notation which includes the — 
use of a trial crown tl thrust, H;, as an external lend.  Fisat (8) 


ber for the left half, and with (-v z) for the right half. Symbol M; is the moment — 
iad E.. at. any point on the center line of the arch, due to the external loads and the 
v3 _ If H, has been chosen close to the value of H, H, ¢ Will be small and Mw will 


be of the same order as M:. Thus, the accuracy obtainable with graphical — 2 

Using the notation which includes the trial crown force, H,, as an external 


ae Cu M. Be + Ga; 


| ‘EA, = + BuM.+ Bull 

The similarly, with minus signs on the left, for the right side of the arch 
The G-coefficients are the same as the D-coefficients except that M,, P,, and 
8, are replaced by M,, P:, and S;, in which P; and S; are thrust and shear + due 
to external loads and trial crown force. The G-values are given in Table 1. | 


may be combined similarly to Equations (6), thus: 
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Equations (13) are the formulas that are used in determining the values of q 


the crown forces, by a a procedure which will be explained subsequently. The ‘oy ; 
= trial crown force need not be restricted to H. Under certain conditions the ve 3 
af same concept may be applied beneficially to V or to M,. The procedure is 


Li 


similar to that shown for H. Generally’ speaking, unless the arch 


shape or the load | is very unsymmetrical, the use of a trial force for H is all — 


, ‘ determined by substituting the values of the crown forces into Rqustions 
(11); bu it the deflections at other points a are also desired. _ These deflections wre 
4 determined by means of the following relations: The rotation at any point we 3 % 
Th 1 anY individual voussoir, the displacement of the end | farther from the ak eagle 


displacement due to thrust to the line of the arch) is: 


in which P- = the thrust avail to ‘the a’ center line; displacement due to 


shear (at right to the center line of the arch) i is: 


dc 


in which S = the shearing normal to the arch center line; sand, diaginee- 
i ment due to temperature (parallel to the center line of the arch) is: _ Saale aa ; 


{ey displacement | at any point may be expressed as the vector sum of 2 bet x 
series of terms such a as Equations (15). : Ina commonly used system of nota- 
tion, a vector of length, r, in a direction making an angle, 6, with the positive _ 
X-axis is denoted by r e**, and the vector sum of two such vectors is indicated _ 


's Manual,” by Ralph G. Hudson (1917), PP. 61-62. 
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he this notation, the deflection at any point on the left side of of the andi ca. 


and, similarly, for the right side, with appropriate changes in sign, 
terms in Table 1 have been written as of finite u units. This 
_ is necessary as graphical constructions are to be used in the evaluation of the 2 
terms. Thus it is that the arch is considered divided into a ) number of finite 
lengths: called voussoirs, each voussoir having a length, en Any number of 
_-voussoirs may be chosen, but it is found that using from six to eight, of about 
equal length in each half of the arch, gives satisfactory results. The ends of 
Pa the voussoirs are referred to as joints and are numbered from the crown to the 
is © As finite voussoirs are used it is necessary to determine, in respect to each : 
— funetion, such as M, ‘P, S, t, and I, whether it is to be measured at the joints — 
or at the mid-points of the voussoirs. this analysis the following convention 
is used: That part of the load on the arch which lies between the centers of 
adjacent voussoirs is considered as acting as a concentrated load at the joint. ‘ 


Thus, the thrust and shear are considered constant through the length of a 
~-youssoir. . Thel length, s s, entering into the --terms, or thrust and shear terms, is 


d from = sii joint, and the t- values are e measured at the centers of 


w 


y Base (1 in. =10) 


fe 


i= 


as constan 


the —-values entering into moment terms, the 
are measured between voussoir , and the J-values are from 


‘The ——-values, or curvature values, like the M-values, are considered as 
ze constant from center to center of voussoirs, giving increments of slope or sis 
tion from center to center. Then rotations are found at the voussoir centers, . 


are considered as constant from joint to joint. Increments of ‘moment 


--- 


HICAL L T TION 


— 
for 
| 
2 
| 
; 
— Ey 
— 
— 
— 
— 
by multiplying the shear values 
— is obtained y mu 
oint to join values is obtain joints, and 
As the change in momen he moments are found at the jointe, 
— nt from 
| ie 
— 
me! 
— 
on 
procedure 
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given in a Fig. 2, as taken | from Figs. 3 and 
for each joint, it-is desired to determine the} ‘values of > an 


to 


values of y y ar are laid off to a given en scale, each value from the 
ro point. From an on a horizontal line called 7-base,” "values 


) are laid off, successively, to another arbitraty seale. The ab- 


si cissa of each point thus established then represents the value of Li = taken f rom ope 


he crown to some voussoir center, whose number is given to the point. ‘Vertical 

ines are drawn through these > Points, and are called by the same numbers. 


‘y-pole”’ is is established at a point an arbitrary horizontal distance Cree 


2 i] 
distance”) from. the zero point of the y-base (Fig. 3(c)). Rays are e considered 
as drawn from the y-pole to each of the points on the y-base. — i A broken line 


called the (Fig. 3(e)), i is as follows: Parallel to a ray from. 
the emant to Point 1 on the y-base a line is drawn, called the “1 element,” be- 
einning a point on the line of the LF and continuing ‘to the 1} line. 


Parallel to a ray from the y-pole to the 2 point on the y-base is drawn a = aa 9 a 


4 ment,’ ’ beginning at the end of the 1-element and continuing to the 23-line of the rh 


= 


jectio 


on a vertical of the jointed line thus drawn is the of ‘toa a certain 


eale, The is as follows: Consider (Fig. the and the 3- 
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ANALYSIS 


b b) (0, 3 The three factors on are 


(in.); (0, of Point 3 (ft). 


f 
arch length, of 33 ( 
in “y-seale ( ) denotes the feet of y cc corresponding to 1-in. 


on the dia ram. Substitution gives, 


y-scale | — ) distance ce (in. 


ass The interpretation of Equation (17) is that the vertical component of s an endaaee 
the pourve > represents the product, V7 =, to a scale is the eontin- 


¢ 


~ 


product of the thé ‘the pole Then th 

ys 

’ vertical of the entire --line Tepresents the value ty! 

the of > a similar is 4 

cessive points of the “7 “curve are horizontal are drawn 


soa them. | These determine points on a vertical I line ‘called the 


8 
-curve is drawn so that each element is perpendicular. (instead of 


and elements on the ‘horizontal lines just ‘mentioned. Th 


horizontal component of ‘the length of the curve the ne value 


toa wes Proof i is analogous to the for the Ly 


a - Other graphical procedures given in this paper are ame as general i in oe 
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£ Thick- ang) Length, ive: | Loa 


12.0 | 0.00953 
| 0.00927 | 
24. 0.00810 


Moment. 


— 
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4 4 In starung an analysis the loads on the arch, the temperature change if the 
arch, and the physical dimensions and characteristics of the arch, are assumed 
be known. Furthermore, the factors governing foundation deformations 
| __ TABLE 2.—Computations ror Iutustrative 7 
tl 
— 
| feet pa ra 
 @ 
eed 
12.2 | | 24.0 | 0.00661) 0.159] .... | 30000 —6051000 
> | 24.0 10.0490} 6.120] .... | 20000]... -703500 
.... | | 12.0 [0.00053] 0114] .... | 22000] | | §§é§§ 
4 .... .... | 24.0 | 0.00877] 0.210 41 000 —93 600 
5 .... | .... | 24.0 | 0.00749) 0.180] .... | 34300) .... | .... |-300100 
ar} 127| .... 24.0 | 0.00586 | 0.141 23 500 ‘iss 000 —446 600 
a} a3) | | as 
1, | 200000 | 444000 | -22000 | -528000] 183000 | 406000 | —581 000 000 4 
201000 | 434000 | —121000 | 000] 184500 | 399000 | —581 000 
500 | 411 000 —149 000 -3 576 000| 187 500 381 000 | —581 000} 4 
a 204500 | 387000 | —105000 | —2520000| 189500 | 358000 | —581000| 
205500 | 349000 | -26000| -édé000| 196000 | 323000 | 
200000 | 446.000 000| 184000 | 405000 | 
201000 | 424000 | +153000 | +3 672000] 187000 | 305000 | -ss1000} 
4, | 208500 | 366 000 +1032 000] 191000 | 344000 | -s81000/ .... 
— 


| 


will] be given in detail. . For simplicity the illustration is confined to anu 
"symmetrical fixed-end arch without foundation deformations. The loads con- 
‘eae are restricted to direct forces in the plane of the arch, and a uniform — i: 
temperature change is assumed. Without appreciable error, n is assumed equal 
to 3. At the end of this explanation, the manner in which other factors may id 
_ It should also be noted that, in order to 


simplify the example, a smaller of voussoirs are used than is generally 


a The arch chosen for this example i is a section of the ne Wash ‘Dam, in vd ie 


‘California, | at Elevation 710, and the loading i is approximately that it used atone | 


stage of the trial-load analysis of that dam . All the graphical work of a q 
analysis is done on one large sheet (Figs. 3 and 4). _ The numerical work e = 
gontained i in Tables 2 and 3 and i in the solutions: of the equations in Steps 


and (30) presented subsequently herein. All “quantities pertaining: to the 
structure are given in units of feet and pounds and combinations of those units, 


Shey so that no further notation of dimensions is is necessary. In the ex- 4 4 
planation that follows the graphical constructions referred to as a, b, 6 ,ete., are 
a to be found on Figs. 3 and 4. Steps that are followed separately "te ais aoe = 
i. sides of the arch are described for the left side of the arch = ‘ oe 


wy 


(2) ‘Along the center line of the : arch, lay off voussoir lengths starting at the 
crown. Locate the centers of the voussoirs. 


per’ Number the ends of the voussoirs s along the center starting with 
the crown and numbering to the abutment. Assign whole numbers, 11, 


|? etc., to the joints (ends of voussoirs) and half numbers, $1, 13 J, ete., to he 


voussoirs to their | centers. List the in Column 


ae (5) Int Column (3), Table 2, list the voussoir lengths as measured along the 


pits. 
ae 3 Calculate values of Sint Column (4), Table 2. Add these values to 
_ obtain the value of Ei and list this at the bottom of the column. me " 


 ‘ (7) Scale the distances : along the center line of the ar arbh between the centers 
Ey a the» voussoirs. + At the crown and abutment, use the distance from crown or 


‘abutment to the center of the adjacent voussoir. List the distances in Column 


(8) Calculate values of = 7 and in Columns (6) and (7), 2. 
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ARCH ANALYSIS 


‘= 0.0000056 per Degree Fahrenheit; T = 


fa: 


tala 1 


he 
49 


‘Column (8), Table'2 
(10) In Construction (b), establish a horizontal mig or “‘z-base,” ’ and in 


Ga Construction (c), @ vertical line, or ‘‘y-base.”” Through the ends of the yous- oa 
Be - soirs on the center line, draw vertical and horizontal lines, known as z-lines and 
y-lines. Number the intersections of these lines with the ‘adage and y-base 
with the numbers.of the ends of the voussoirs. a 


Left Right 
(inches) 
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+8 565 000 
+608 000 


+803 000 


131 000 


+2 125 000 


+1430000 | 


Pi 


slog 


(9) Starting at the crown, add progressively values of = 


8 to obtain values of 
I ad 


aldeT (Of) 


— 
| 
4 7| +4216} +222 | +43 | +4561 
2 +1045 | +878 |.+2530000 | | Ga = | —204000 
‘ 
he 


ae ia of the z-base and y-base, at distances that will give convenient sizes for the 

at curves described | subsequently. Record the pole distances, i in inches. thes, 


In Construction (d), plot a base as follows: From. zero point 


lay off, horizontally to some convenient basa, values of 7“; I from Column ®, 


Table 2, Record the and the points established with the corre- 


ys 


— 


(14) In Construction (f), use the z-pole and the z-base to plot = x on erm ? 


8 ont 


base, on the *-base ; and i in Construction | (9) plot 


on the base. f is similar to that of Step (13). 


s the total load actually acting between centers of the voutaiian: 
except that crown, take the load actually in the adjacent half-— 
G (16) Estimate a trial horizontal crown force, H as by multiplying the 
average unit load on the arch by the estimated average radius of the thrust 
the same crown thrust to each half of the 
(17) In Constr uction (h), draw a force polygon toa scale. 
- clude H; and the loads of Column (9), Table 2. Start the polygon from a 4 a 
_ called the F,-pole. From this 8 pole plot, horizontally, a vector representing Hy, 


and direction all the loads on the half-arch, beginning at the crown. the 4q 
i points on this polygon with half-numbers, Point 14 being between the loads at 

3 (18) Through the F,-pole | draw a ray, or P;-line, for each voussoir, in i. 


Bi A direction of the thrust, P;, in the voussoir. Take this direction as parallel to mt 2 


BS _ line through the two center-line points at the ends of the voussoir. 
(19) Obtain the : average shear, S;, in each voussoir by scaling the perpen- 


dicular distance from its P;-line to its force polygon point. List these values in 
ai ~ Column (10), Table 2. If the diagram is drawn as shown, call the : shear, s, a 


positive if the P;-line is below the force polygon point. 


 @) Multiply S; by s of Column (3), Table 2, to obtain, in Column (ay) ae 


"crown toward the abutment to. obtain values of M;in (12). 
Ny _ (21) In Construction (6), draw a horizontal reference line intersecting the - 
z-lines. . From this line plot, to a convenient scale, values of M, to form an M € = 
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ig 
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on thie eurve horizontally on to a vertical BAS a0 


= Locate an M,-pole on a perpendicular through the sero p point of the — 


t-base, at a convenient distance. Record this pole in inches. 


(ay Vain the M;-base and M,-pole, plot: e! 


on th se (Construction (k))—all by the method of “graphical 


(24) Find values of F,, the resultant force at any point due to eee 


Pl i loads and the trial crown force, by scaling, on the force — (Construction 
(h)), from the Fr 


Column (13), Table. 2. Multiply by of Column 4). ‘list the 
ine (25) In ‘Construction. , , draw an ‘F,-deflection diagram,” an element of 
which is illustrated in Fig. 5. Proceed as follows: To some. convenient scale plot — oo. 


to F,) ron 


Parallel to Voussoir 


the value of — § for the first voussoir in the direction of F, as taken from the 


te force polygon ; that is, from the e F.-pole to the point on on the polygon. a 


ing to the voussoir. Resolve this vector into its and the 


he 


crease the =< component to n, or three times its length, the increase wind 


from the From the en end of increased normal, 


“Conti to b ent. The a 
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beginning of this construction | give, values of 
ee Quantities Nos. 26 and 23, Table 1, as required for the coefficients, Gs and Gs a | om 
may be verified by a consideration of Mig. 6 
= (26) To obtain the values of Quantities Nos. 4 and 7, Table 1, make Cons a 4 — 
truction (m), an element of which is illustrated in Fig. 6. Proceed as follows: | Pls 
From (4), Table 2, take the va of the first voussoir and plotitasa | 
horizontal line on a convenient to the right the point of origin. From 
the right end of this --line draw a line parallel to the center | of the vous- 


oir, and from the o origin end draw a line perpedtdbiliersil the center line of the : a 
a — _ Using the intersection of the two lines as the origin, repeat the cone 
struction for the ‘next. -voussoir, and continue to the abutment. Take the Re 2 
-—-wertioal and horizontal components of the distance from beginning to end of 
as the required Proof i is evident on inapeetion 


terms 


(28) now made all the for evalantiag 
listed in Table 1, determine their values and em them into the coeffi- 


fae Quantities Nos. 1, 6, 10, 24, , and 27, as follows: Determine = 


4 ev 
Column Table 3. the moment terms which are those 
the scale as the product o! of ‘the pole fo 
distances, as explained previously (see heading, “Graphical Multiplication and ho 
Integration”). For the other terms, take simply the scale used in the graphical f 


(a Banewtee off on Figs. 3 and 4 the ) values, in inches, of each function there oy 
: determined and list it in the appropriate line of Columns (3) and (4), in Table 3. oe | 
Prefix to each value, as measured, its proper sign. If, in Figs. 3 and 4, the . 


38 positive direction of each term introduced has been taken as shown or specified, ce 


if and if the relative positions of poles and bases are as shown, determine the 2 
signs as follows: Take the sign of any function, except that of Quantity No. 26, 


| 


_ Table 3, as plus if its value is measured from the abutment end of the curve up by a : 
or to the left for the left half of the arch, and up or to the right for the right f > Be 
3 half of the arch. For the function of Quantity No. 26, take the reverse. ae | Fs H 
Columns (5) ‘and (6), Table 3, place the product of the “‘scale”’ values | la 
etal the “measured” values, and in Quantities Nos. 4, 11, and 7, also multiply ac 4 ® th 
by the factor, (n 1), or by 2 Determine the sign of term by ‘multi- 
plying the ‘sign in the “ ‘measured”” ” column byt the sign i in’ Table 1. 

wi Ih n Quantity No, No. 1 , Columns (5) and (6), Table 3, place the nana of p> I 4 a di 

taken from Column Table 2. In Quantity No. 6, Colum ns (8) and 


‘Place the values of 7 38 taken from ‘Column 


and i in Quantity id 
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10, and (6), the same values n,. 3. 
The signs are always positive. levine be feel Gu 
_ From Construction (a) scale the values of z, and ya, and list them in Columns 
(3) and (4) of Quantities Nos. 27s and 24, respectively. Prefix the propersigns. 
Place the products of these quantities and ¢« 7 EZ in » Columns (5) and (6), tae oe 
3 Table 3. _ Prefix the sign determined by multiplying the signs of the two factors K ot 
e and the sign given in Table 1. In Column (8), Table 3, add algebraically the © 


tH ge terms of Columns (5) and (6) to ‘o determine the coefficients of Equations ie 


(29) Substitute the values of the just found into 

17.60He+ 183V—_ 433 000 = 0. 


138.0 M. + 459.0 H. +4345 V — 11470000 = 


ka +17.6 M, 456. 1 H.+ 459V— 294000 =0 


c The solution is: M, = + 503 050; He = — 22277; and V = +3 488, 


(30) Substitute the values of the "coefficients for the left half of the arch 4 


| from Table 3 into Equations (11) to obtain the values of the crown deflections: 
= = + 36000; HA, = — 11031000; EA, = — 325 000, The same 
flections may be computed for the right half of the arch. watae has (8) b> 
This completes the first part of the arch analysis. The following procedure ~ hoe 
: evaluates the deflections at all points in the arch and determines the arch ss, 
"4 ie. M, in Step (21), as follows: Compute H, y for any point; plot its value i 
he rizontally from the corresponding point. on the y-base to the scale of M ‘ 
“ad through this point and the zero point of the y-base draw a straight line. 


The intercepts between this line and the y-base the 1 required H y-values 


(32) Construct a curve of values of (M. + Vz +H. y)s versus x, with the 
same scale and the same reference or zero line as the M;, :-curve drawn in Step 
(21), but with reversed s sign, as follows: From the reference line measure, ie 

tically, the quantity, M., and draw a horizontal line. This is the M.-line. _— 

Through the intersection of the M. line with the line, z = 0, drawa line wit 

é slopes such that intercepts on on the z-line between it and the M.-line give }the 

¥ ‘values of Vz. The procedure is similar to that used in Step (31) for finding _ 
From the diagram of Step (31), take off values of He with dividers and 

day them off along the corresponding z-lines from the line just drawn. Connect 
points thus found, forming the desired curve. ULE 
aaa In the foregoing procedure some confusion may arise as to the direction in 

. i which the constructions are made. As stated previously, the s signs of the con- 
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etn are reversed from that of Step (21). Thus, a positive M. is ae ag f 


os 


wh. 
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iim 
same scale and from the same reterence line a8 M,, butin the opposite an 
direction, the intercepts on the z-lines between the two curves give tl value, 


M,4 + Hey Va | The Myis positive if 
measured up dian the last constructed curve, 
~ sae (33) Establish a vertical line as an M-base (Construction (n)). Take off 


A — ~ values of M with dividers from the construction of Step (32), and lay themoff 


a 


mi) 


(35) In Construction (0), use the M- -pole and M- base, to plot 


; 4 on the M-base from some reference point or origin, , plotting positive values — ; 


upward. Also, scale off values of M and list them in Column (20), Table 2, ir 
(84) Locate an M-pole on a perpendicular through the origin of the M-base, 


convenient distance. Record this pole distance 


i the crown, where it should close. With the sign convention on the M-baseas 


stated and the relative pole as shown, the value E will 


Scale the of E B at mid-v -voussoir on the 
drawn and enter them in Column (15), Table 2. 4 Multiply by values of s from i 
Column (3) and enter the product E6sin Column (16). of 


c (87) Add, vectorially, the values of H, and V, determined in Step (29), into [mn 


force polygon (Construction (h)) To do this, plot, successively, from the 


but with reversed sign. That is, plot positive values of H. horisbintdlly to a. 


and in the reverse directions on the right-hand polygon. 


_ established i is the F-pole, and the force polygon from this pole represents the oe 

(38) Find values of F, the resultant force at any point in the arch, by scal- & 

on n the force polygon, from the F-pole to the numbered points ete. 


ight and positive valu ues of V vertically downward o n the left- hand polygon, 4 3g 


list them i in Column (17), Table by i ‘from Column (4) 
enter Product — in Column (18). adit. to 


Multiply 8, Column (3), by T E of Step (27) and enter t the product, 


a ¢ T Es, in Column (19). 4 


aa (40) In Construction (p), plot. a deflection ‘diagram to 8 convenient scale, 


using the vectors indicated in Equation (16). Beginning at some origin plot 
, successively, for each voussoir from abutment to crown, its four increments of i. 
deflection. procedure i is illustrated i in Fi ig. for Voussoir 25 ‘First, plot 


the Fe. taking ‘the value from (18), 

bee. adt Gu DAS tial sx si a’ 4 
same as F, taken from the force polygon. Re 

this into its —— and -components parallel and “perpendicular 
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GRAPHICAL ‘ARCH ANA 


times in the 


= from —. This procedure is similar to that described in Step os) 


(25). From the end of the foregoing ¢ construction plot a vector representing, in _ 


magnitude and direction, the function, ¢ T Zs. This vector is plotted parallel © 
14 


away from the abutment if it 


plot a vector representing, in mag- Perpendicular to si 

nitude and direction, the value of Canter Line) 
e moment deflection, E s. oil) acl > 


ty vector is plotted perpendicular feds asthe ai 
the arch center line, a positive value Nii. bag 


being toward the arch extradoson tine) 
left and toward the arch intrados \ ory 
in Column (16), Table 2. Number abv 
puted in Step (30) to check there- 
sults of this step. Ws ‘dl 
(41) Calculate stresses. Obtain chutes 
values of P from the force polygon 
asfollows: For the abutment point 
the component in the direction 
of the arch axis of the distance from 
F-pole to the abutment point. 
For any other joint, obtain P-com- —Consraverion or 
- points on either side, and interpolate. — Obtain M-values from Column (20) ae: 
- bvalues from Column 2, Table 2. The stresses are computed at the desired 
z example illustrates all the fundamental points of i 4 
s - this system of analysis. In order to demonstrate the wide range of applicability _ 3 
fa ~ of the method, the procedures used in allowing for several other factors will me. = 
described briefly. However, before proceeding to these ‘complicating : 
; two possible simplifications will be presented. The first concerns the treatment — 
= shear deformations. In thin arches, these deformations are negligible and 
= very well be omitted. Instead of | omitting them entirely, however, it .- 3 ee 
Simpler to assume that the effective shear modulus is equal to EZ, or that n — a 
equals 1, Then, the total deformation due to thrust and shear is always i in es 7 


n of the force producing it. 1 the terms 


ts 
Be 
| 
— 
— 
— 
Bs 
— 
— 
: 
a 
eS, 
i 
= 
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ues into compo- 


they are e simply plotted, successively, and added ie Since the 


: Step (40), as in Step (25), ‘a —-values are not resolved into components.” 2 


"The second simplification occurs where the arch shape is symmetrical, 
a ‘ll Then many of the procedures require solution for one side of the arch only, 4 4 
* ini ‘The: work i is simplified still further if the loads are also symmetrical. In this 
case, one side. only 1 needs to be considered in all the ‘procedures. 
/ Interior or Net Arches.—In the analysis of a plain concrete arch, such as in 
a a dam, it is often desirable to assume that the concrete is unable to take ‘tension, 


and will crack instead. froma previous analysis, the area subject to tension 
ean be determined approximately, this area can be considered as not acting - 
‘. structurally. Only the remaining interior arch or net section is then used fat 


y- these values, mc moment loads to be applied to arches can be found. Wa These loads — 
a _ are applied by adding them to the values of Column (12), Table 2, to obtain — 


Foundation n Deformations: —In the of the Gene Wash and Copper 
F if Basin Dams deformation effects in the foundation were generally included. — 


Methods (of ¢ calculating deformation factors have been presented elsewhere’ 


wet will not be discussed in this p paper. f - However, it may be stated that these — 
effects are included by considering an effective “abutment > ae an Ms 


whose values are included in (7) 


mse 


a dam with its reservoir full of water will bre 3) 
a pani constant tonnpemntane at the up-stream face and may have a quite — 
at th the face. This results i ina 


se 


important. (To in this effet in arch the quantity, 


pare is computed at anil joint and added to M, of Column (12), Table 2, to bedi a 


te These corrected M are used to determine crown forces 

“all deflections. In the ¢ E I-corrections are subtrac 


from the final M-values pond? do .onithue 


. it ‘The: foregoing discussion of the inclusion of additional factors into ‘the pro- 
cedure shows that this method of analysis is readily adaptable to various eondi- 


™*Ueber die Berechnung der Fredrik Vogt, Assoc. M. Am. Soe. 
Math. Naturv. Klasse 1925, No. 2. rie 
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In general, it may be stated that any effect that can be included i in any 

type of arch analysis’ may be included in this procedure. — In many details of 

the procedure, alternative methods are available. Many of these mone q 
have been tried, and some have been found equally as convenient as those 
adopted, but none wasmoreso. baw 


method of computation, and a o forms of analysis 
possible. The graphical gave accuracy to that of the 


followed the mechanical given wih little or no concern 


Several definite were for the graphical 
the hands of an experienced operator the graphical procedure has som - 
_yantage as to time required. More important, however, is the fact that the 
y graphical procedure presents to the calculator a picture of what has been done. 


a 
a When er errors are “made they often ap appear a discontinuities in curves, or as 


readily than in the arithmetical “method. “The” picture which the 
- graphical work presents | to the calculator also has ‘another value. In S 
which i is repeatedly analyzed for varying conditions, all the changes that occur Peas 

in the’ component curves of the analysis have a significance to the 
For instance, in a case where changes in loads are being ‘made to obtain, in 
successive analyses, closer approach to desired deflections, he is aided in judging 
as to whether the changes i in assumptions are being chosen properly | or > % 
further changes: should be made. ‘Thus, whereas a numerical procedure. tends 
to become an endless accumulation of meaningless data, the graphical 

| ives & concise picture of all the component parts of the work. ba MA ; 

it different physical characteristics are used for each trial as 
_ using net sections, a numerical procedure is likely to be very ponderous. The — 

i tendency of designers, therefore, has been to avoid the use of net sections or to | 

simplifying assumptions 50 as to bring the amount of work within 

iP limits, _ As demonstrated in this paper, however, new physical properties " 

oF - the arch may be accepted, with this method, for each new arch analysis without — < 


increasing the work, . Thus, this procedure. may make me 


permitted the redtidnn 4 of this method i in 1 which satisfactory : accuracy is 
obtained with the extensive use of graphics. — It should be noted that this con- ity 


in which graphical work would be replaced by arithmetic, and slide-rule ai 


uracy would be sufficient. For a person preferring numerical work to 


simplification would be of great help. 
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on] ‘The procedures described in this paper were developed and ‘used in the 

- Design Office of The Metropolitan Water District of Southern California, under 
the direction of Julian Hinds, M. Am. Soc. C. E., Assistant Chief Engineer, — 

Ad engineering and construction activities of the District are under the direc. — 

of Frank E. Weymouth, Hon. M. Am. Soe. C. General Manager and 


 bols for Mechanics, Structural Engineering, and Testing Materials compiled — 
by a Committee of the American Standards Association with Society represen- 
ai. ive _ tation, and approved by the Association in 1932. The sign conventions are 


either given in the definitions or illustrated by Fig. 


coefficients in the general arch equations ‘(see Coefficients ABC 


a=a symbol referring to the abutments ; Used as 
‘= coefficients (see Symbol A); 


coefficients (see Symbol A); = 
ficients (see Symbol A); ot of 


= modulus of elasticity in “direct stress; =) modulus of elasticity 


in shear; 


=a resultant force at 
fig any point in an arch due to external loads and a trial crown force; 


horizontal” force at the crown; that i is, a force parallel to the 


= difference between the estimated and actual 


Ha t the crown ; a, 1, = the estimated, trial, horisontal, 

moment inertia o Ly ial section of an arc a 

subscript denoting ‘ the the left half of the arch 


en ‘the moment in an arch ai at any point, taken about the center line of = 
“ae ‘ - the arch; M, = value of M at the crown ; M, = value of M at any fe : 
point due t to external loads; = value of point due a 


ver external oads and a trial crown force; 


ratio of E to effective modulus i in shear: 


= thrust acting on an arch section, parallel to the: center line; P. = value 
ner ae of P due to external loads; P; = value of P due to external loads — 
and a trial | crown force; als 
= length of a . vector; as a subscript, r denotes “the right half of the 


7. The fc following notation conforms essentially with American Standard § Sym- ba 


(itl 
— 
4 
— 
— 
ae 
— 
4 AK 
Ye 
— 
— 
— 
— 
x 
— | 
— al 
— 
— 


“he due to external loads only; Sa = > value of S due to atonal cade 


= - length of a a voussoir, measured along the center Tine; ae | 


t = thickness of the arch , normal to the center line; as a subscript, ¢ 
denotes “‘due to external loads and a trial crown force”; 
Bi _V = “vertical” force at the crown; that is, a force parallel to the Y-axis; 


* yaated z = distance measured parallel to the X-axis, beginning at the crown 


center line; the X-axis is called “horizontal” and is approximately 


parallel to the ar rch center line at the crown; 2. = values of z Fe: p. 


§ Favite-™ = a distance measured parallel to the Y-axis, beginning at the crown © 


Weds center line; the Y-axis is called “vertical” and the positive y-direc- 


tion is called “downward”; = values of y forthe abutment; 
angle between the X-axis and the arch centerline; = is ae 
= slope, or rotation, of the arch center line (counter-clockwise positive) ; a 
Bo =the valueofBatthecrown; 


= vector at any on n the arch center line; As value 


angular distance; angle between, ‘the X-axis the direetion of any 


npoter: (sign convention same as for a). ot, 


— 
— — 
value of A at the crown in the Y-direction (positive upward) 
= 
iii 
wit, 
— 


-Ne.ipov,® Assoc. M. Am. Soc. C. E. (by letter). ot 
analysis given in this paper represents development over the 
milar methods i in existence, in that it offers, i in one complete ‘diagram, the 
determination not only of forces but also of deformations. 


‘ _-: In so far as they refer to Equations (1) to (13) the formulas and coefficients — 
a in Table 1 are correct. If a more simple case of a a circular arch of constant 5 


cross-section under uniform load is taken, the same expression for crown 
7 ie thrust is obtained as is given by the late William Cain, 10M. Am. Soc. C. E. 
The derivations, being somewhat voluminous, are not given herein. 
reference to the finite voussoirs the writer wishes to ) emphasize that thes selection ae 
Ba of the center of the voussoir, at one time for one purpose, and of the ends of > pt 
2 a the voussoir, at another time 1 for another purpose, does not help to mechanise 4 oa 


as the process, which in other respects the authors succeeded in doing. “The be 

= primary cause of this selection is the small number of the voussoirs and the _ fh (1 
_— to maintain accuracy. — It might be better to double the number of | on 

~ voussoirs and thus avoid the complicated assumptions of centers and sides. e. : ik 
is evident that the authors were greatly interested in evolving the 
q graphical multiplication and integration. subject of graphical operations b 
of mathematical functions has attracted investigators in the past." Various 
Operations can be performed, such as addition and subtraction, multiplication 
and division, raising to a given ‘power, evaluation of radicals, operations with — Fe : 

trigonometric functions, integration, ete. Iti is commendable that the authors : 

to the “trial the writer wishes to remark that this is partly a 


misnomer and that it is not presented with sufficient clarity. It has been 
_ known in the theory of arches that all the forces in an elastic arch can be 
bs aa divided into two classes, the first resulting from the rigid arch and the second 

from its elastic action. The forces then are called “main” or “origi- 
aa ” and “secondary.” _ Using the notation of the paper with the subscript ¢ A 


— 


indicate the original the expressions for any section of arch are: 

n which the 0 refers to the forces caused by the elastic ‘action, and, 


is accented in order to it from M; as shown subsequently 


Mage, of of Hydr. ‘Structure State Div. of Water Resources, Ne 
a 

&“ Die Graphische Methode, by C. Runge, Germany ; also, Manual tor Graph- 
feal Computations,” by V. P. Pharmakovsky (im 
F 8“ Solution of Circular Arch Under Water Load,” by Emil Mérsch, Zurich, i 3 
chweiserteohe Bousettung, ‘Vol. 51, 1908. 
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‘ai NELIDOV. ON GRAPHICAL | “ARCH ANALYSIS 


..(19a 


and M;’ are known, being the 


th Mi = M. + Vir 


a 


? 


a including, i in V, both V; and Vo. For illustration, in » spptying eo ; 
(18) to (21) to the case of a circular arch with neutral radius r, , constant nt thick- aon 
t, half of the central angle and uniform radial load p Pp: 
2 pr sin? (05a) + Pr Cos a= pr.. (22c) 4 
2 pr sin (0.5 a) cos (0.5 prsina =0.. 


= —2prsin? (0.5 a) + pr*(1 — cosa) =0. 

Tn a ib the forces with the subscript ¢ are always known because th ey a 


he obtained from ordinary statics and no “trials” are needed. RP gery Ty 
i In the case of irregular loading and of the arch, Equations (22) may be 
obtained graphically from the force diagrams of statics. Referring to the a 
ee eee obtaining the moment Me by a summation of the values ) of s shears, 
— asshown in Table 2, Columns (11) and (12), itr may be noted that the moments a 
a M;' may be obtained directly by graphics, by constructing a force polygon and ” 
an equilibrium polygon for the forces acting and ‘Superimposing the 
conclusion, what interests the writer is the statement by the 
that, to include the effect of the non-uniform one must add 
M,, due the external forces, the expression The writer 
that the authors verify it by applying their formulas in Table 1 to the simple — 
case of a circular arch of neutral radius r, uniform thickness t, half the ‘central a 
angle a, and finding a total crown thrust H due to this change of temperature. x | 


sin @ 
7 = Az 6 T 23 


Transactions, Am. Soc. C. E., Vol. 90 | Dp. 492 and 558, 


| 
: 4 
it 
35 
x 
4 
| 
AS 
a3 
a 
g — 
— 


in which the horizontal the crown dus: to the effect 


dt 
he rotation of the crown due to the same effect is _ 1% 


TS 


Carn H. Herpron, Jr.,“ Assoc. M. AM. Soc. C. E., anp “= 
aa Savior," Jun. Am. Soc. C. E. (by letter).—The comments of Mr. Nelidov 
that, in several instances, the writers have failed to offer sufficiently 


clear explanations. It is hoped that the questions 1 raised will be answered 


The writers cannot agree with h the suggestion that the convention whereby 
the centers of voussoirs and ends of voussoirs are used alternately “does not 
age help to mechanize the process.” In any method wherein all functions are 
a > determined at a single set of points: it is necessary ' to average values at adjacent Pa 
ie points in every step where integration is to be performed, and it is only ye 
Bes means of a convention such as that adopted that this averaging is avoided. 
Although the assumptions so sound ‘ ‘complicated”’ when described, any one 
‘ ey them will realize that they result in the simplest possible : set of ‘operations. if és 
| 7 this: connection Mr. Nelidov suggests the use of a larger number of 
voussoirs. It may be well to Teiterate | that i in their ir example the writers, ie 


simplicity, used smaller number of -voussoirs than they would recommend 


= it is presumed, that they can be obtained by processes not involving trial. 
Writers define M, (see Equation (21)) M:=M.+Hiy+Vz. Actually, 
‘Thus, M; is s identical with except that V; is taken as zero. That: it is 
p 
Asst. Engr., U. 8. Engr. Office, Los 


ren Mr. ‘Nelidov identifies the “trial” forces with a similar set of forces which _ 
ae. he calls “main” or “original,” ‘The latter, he sa says, are are “known,” meaning, 
Using his concept of “original” forces | he: arrives at ‘a value of M,’ as (see Equa- 
tion 20(c)) = M, + + Vix. then mistakenly states that 
x3 = ait possible to let V, be zero is due to the fact that the “trial” forces used by the 
Associate Engr., U. 8. Engr. Office, Los Angeles, Calif. 


— 
: 
q 
— 
— 
— 
— 
| 
— 
— | 
4 
| 
| 


HEILBRON AND — GRAPHIC cH 


| writers are arbitrary values which are used as an aid i in improving the ee 


the writers’ concept of these forces is that they need not be exactly — 
but may be chosen arbitrarily as best suits the needs of the problem. In the oa 
Sam of V:, it has been found practical to choose a value of zero so that thin 
quantity i iseliminated fromthe procedure. 
a ‘Mr. Nelidov’s question in regard to the effects of non- -uniform temperature 


y wi change is due, perhaps, to the writers’ failure to explain. that, in addition to 


taking the temperature gradient into account, of course, the average change of a 
_ temperature must be used just as if the change were uniform. Plier 
The writers fact that Mr. Nelidov these pr points to 
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By C. R. Pettis, M. Am. Soc. 


A method making a analysis of 
Lakes, as ill illustrated A a detailed study of the hydrology of Lake Puiperic, is 2 


+4 presented i in this paper. Certain deductions are made, based on evidence from 
available data. of these deductions, values are obtained for ¢ the 

from the lake surface. Knowing the e evaporation, the 


ground flow to the lake and the land losses can be. computed. 


| are described in the companion paper of this Symposium. 


‘The conclusion reached is that the evaporation a and the underground fow an 


if aregreater, and the land losses are the general 


The hydrology of the Great Lakes has been the subject of several studies: 
Thomas Russell, of the United States Lake Survey (1906); the late John R. 
‘Freeman, Past-President and Hon. M. Am. Soc. E. (1926) ; Robert E. 
Horton, M. Am. Soc. C. E., and the late Carl E. Grunsky, Past-President, a 

Am. Soc. C. E. (1927); and John F. Hayford and J. A. Folse (1930). Most of 

assumed a value for evaporation determined ordinary 1s land pans; 

p. Mr. Freeman assumed that the underground flow to the lake was “nero; all } 4 

of their results differed considerably f rom those obtained by the he present analysis. 
quantitative analysis of the hydrology of Lake Superior 1 must account for 

disposal of all the water that enters the main body of the lake, for such re e 

7 periods of time as may be considered. f In: any given period of time, the total 3 = 
quantity of water that enters the lake, as precipitation on the; surface of the lake, — 

flow and underground f flow, will be equal to the evaporation from the 


The validity of the -has been checked by evaporation experiments 


lake sur surface p plus the flow through St. Marys River, plus the change i in storage, 
3 +e indicated by lake levels in the same period of time. If the river flow to 


‘% the lake i is known, and the u underground flow to the lake e can be determined, the e 
| poner land drainage basin can be included in the analysis by using the rela- ei ae 
as tionship: Over a period of several years, the rainfall on the land bas basin is equal a os 
Ae to the river flow to the lake, plus the underground flow to the lake, plus 


the land losses. The term “and losses” includes all land precipitation that 
does snot reach the lake; ‘presumably the land losses consist primarily of ‘land 


‘evaporation and transpiration, or other vegetative losses. 
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or THE GREAT LAKES 
mulas. Te following formulas apply to any given yume of a 


R+U+L 
by of the terms in ee aetiinii represent volumes of water in the period of time © 


P= = the rainfall on . the surface of the lake, and becomes an inna ae 
addition to the body of water in the lake as soon as it falls. It is assumed that s 
the depth in inches of rainfall on the lake i is the same as the depth of rainfall on 
the land; it was decided that this ‘assumption would give better results ue 
this shalysis, because the evidence of a slight difference between P and Bis _ 


; 4m thensletelie on the tributary land area. This value was as computed from 
eT records. of 59 stations of the United States Weather Bureau in the area, iW ie 
By taking a weighted average for the sections into which the area was divided. 

= the run-off into the lake from the surface streams a: as ; determined 

wee flow records of the United States Geological Survey and other sources, oe ; 
oes using @ method of weighted averages, based on a personal reconnaissance of the — 


area, 49% of which is covered by stream-flow records. _ The value of R, asa 
is considered fairly accurate, 


Ai = the net underground flow into the > lake, which i is not known, and is to 
gs O = the eniniat from the ‘St. Marys River, which is based on care wl 
records kept by the U. S. Engineer Department. 


Sa = the change in storage i in the lake, | as indicated by gage records, being a 
plus for a rising lake and minus for a falling lake. The records are by 


= the net evaporation 


usual sense of evaporation minus condensation. 


as the difference between the rainfall B and the surface and underground — 


Shin @ 
= flow into the lake (R+ U), for the period under consideration, as given by a a 


_ The period of time used in most of this analysis i is one calendar mont 
‘sy mbols P, R, U, 0, S, andE all denote quantities of water that enter or ya 


ae oy on the e land area for the same month. — In winter much of the 

precipitation remains on the surface of the ground and does not enter the lake, 

ia either as surface flow or underground flow, until the spring thaw Throughout ‘ 

the year, , the land precipitation, is subject tc toa delay before entering the 
lake, due to both surface and underground storage effects. For this reason, — 
the value of L for any particular month, as obtained by Equation (2), will no 
‘Tepresent the land losses (evaporation and transpiration) which pertain | to the 
"precipitation of that particular - month, the land losses being that portion of the 


precipitation that ade not ultimately enter the lake. Hii a number of yea: 
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the values of L for the period will bediiienens ‘aaa aii rainfall that does not reach ae a 


the lake; that is, the land losses, primarily land evaporation and transpiration. 


There are two equations and three unknowns, E£, U, and L. A rigid solution 
is s impossible; but by making certain assumptions in n accord with the present ec : 4 
knowledge of the e subject (and which, in most cases, seem to be the only ihn id ra 
Te ables assumptions possible, in view of the evidence) it is possible to arrive at an a a 
solution. If one unknown i is determined approximately, | ar rigid 
solution is possible for the other two unknowns, although the results necessarily = | 


cannot be more ‘accurate 1 than the approximate determination of the first 4 
As far as is known, none 2 of the lakes freezes over entirely in the winter. 
aM “Open-water”’ evaporation refers to the rate of evaporation from the part of the 
* lake that is not covered by ice. rm The actual ‘evaporation fr from a lake in the a 
winter will be less than the “open-water” by an amount that 
depends on the extent of ice thetisformed. 
Since January, 1937, evaporation stations have maintained by the 
Survey at Detroit, Mich., Kewaunee, Wis., Duluth, Minn., and Buffalo, “a 
¥. Y. An effort is made to keep the water temperature the same as the — 
ate of the water in the open lake, which makes them different from 
Results reported by Mr. Hickman in this Symposium are — funda- — 
“mentally on the evaporation experiments. — In this paper, a mathematical — = 
analysis is made of data which is entirely different from that used by Mr. Hick- aes 
man, and monthly values of the evaporation on Lake Superior are obtained. 
The results of the two independent solutions check rather closely; the results oe ; 


- obtained by investigators who neglected underground flow do not check with ee,” 
_ the evaporation experiments. When the evaporation has been determined, by 
any method, the values of U and L can be determined mathematically from 
Equations (1) and (2). ‘The analysis and solution given in this paper were — — 
made before the evaporation experiments were begun. is evident from 
«Og. 1 that the remainder of this paper, with slight m odifications, might be : 
. considered to be a solution and discussion based on the evaporation experiments. _ 
2 im the data and Equations (1) and (2), monthly values of (E — U), 
— E +L), and (U - Se L) can be obtained which will be as accurate as the data 


os _As a matter of convenience, in all Il computations, the water that will cover — 
ns ‘the land area tributary to Lake Superior to a depth of 1 in., will be used ass 
unit of volume. Unless otherwise indicated, all data will be. given in the same es 
unit. The land area of Lake Superior is 49 078 sq miles. One unit, or 1.01 in. of bo 
water on this area, ¥ will represent a certain definite quantity, which is practically — a. 
“a i billion cu ft. The water area of Lake Superior is 31 817 sq miles. The ra 
ratio of land area to water area is 1.54. If a | 1-in. depth of water on the land x 
_ were placed in the lake, the’ lake level would be raised 1.54in. Inches of depth — 
on the land can be converted to inches of depth on the lake by multiplying by Ey 
‘(L545 and, conversely, inches of depth on the lake can be converted to inches ao 
depth on the land by dividing by 1.54. node 
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(a) It is ‘assumed that the net underground flow into aa Sees vu, , is always e 
positive; that is, there will be no monthly period i in which there i is a net flow of i 


eer water away from the lake. This a assumption is definitely indi- — 
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han cated by the analysis of curves in this study. The flow of underground er Ri 


even in the. winter has been indicated by Mr. Horton who states: “Tn case 
of sandy soils with low field moisture capacity, infiltration takes, place ata 


os high rate even when the ground is frozen. Messrs. H. K. Burtoo 


+ 


4 
a 

‘ 
— 


J. Cecil “The snow-layer melts coutinnalig fromthe 
bottom, the moisture leaching steadily into the soil.” 
a It is assumed that the normal open~ -water evaporation curve for 
periods will be approximately | a sine curve with a periodicity of one year. The | 
curves for air and water temperatures, relative and wind, which are 


_ evaporation for particular months; but, in general, the variation in evaporation = 
from the normal for a particular: month is not large. According to iL K Fi 


. Barrows,‘ M. Am. Soe. C. E., for any y given 1 month there i is, in general, a greater et 
range in the rate of precipitation than in the rate of evaporation. For that ; 
reason less time is required to obtain data of average e monthly Sit aa 2 


q 


sufficiently accurate for use in storage ‘estimates. Other have noted 


oo (c) The (E + L)-curve in Fig. 1(0), with obvious modifications, is approxi- 
mately a a sine curve. . The curve representing the permanent land losses, when is 
5 distributed over the months in which the losses occur, should be something — 
‘dike a sine curve; the numerical variations in the permanent (distributed) — Rd 
-curve are probably less than the variations in any of the other curves. 
-. If the (EF — U)-curve is plotted by months (see Fig. 2, with Tables 1 and 12), ree 
; and compared with the rainfall B- “curve, it is apparent at at once e that, in practi- phy 
‘eally every case when the weather is not freezing, a high value of rainfall in one a 
- month will be followed by a low value (Z — U) in the following month, or BS 
sometimes in the second month. for each of the Great Lakes. 
‘This relation between B and (EZ — U) must be for one 


a on n the subject of evaporation; it is inconsistent with the previous — 


assumption in regard to the regularity of evaporation by monthly periods; 
therefore, this assumption is rejected as being untrue. 
(2) High rainfall in one month will be followed by an increase Ra ony 7 
ede flow which will be most noticeable in the lake in the following month or, — % 


weeks later. There i is in this contrary to 


in the summer will have a greater « r effect on the underground flow in the. next * 
- month than the same rainfall in the late fall or winter, which is consistent with — 


the present engineering opinion that underground water flows more freely when 


he e temperatures are warm than when the temperatures are co cold hee Table oe a 


pie: _ There is a considerable flow, R, from the surface streams through the winter; 


aa November, 0.9 in.; December, 0.7 in.; January, 0.6 in.; and February, 0.5 in. se 
"Since the ground in the Superior basin i is ordinarily covered with snow during 
5% - these months, it is assumed that | most of this winter flow comes from See 


National Research Council Report, 1936, p.534. jg 
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ground sources. The surface streams can tap only the portion of 
ey ground water ‘that i is above certain | levels; the e underground water below shee 

oa _ The winter underground flow is deduced by the following nailed The oor ¥ 
_ ‘period 1920-1925 was a period of relatively small annual rainfall (average 26. 6 f 
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Depth on Land Surfac 


Inches 


A 


is to average the same, values of (E — U) indicate 
the underground flow from December to March for second ‘period was 


ad the 
— 
By 
tm 
ty 
I 
= 
29.8 in.). The average annual temperature for the two periods varied by less 


wre 


ee CoRRESPONDING TO Fic. 2. 103 


Et. @) 1921; A Ware Year; Winrer Warm, wire Lirtiz 
“perature, in degrees Fahrenheit} 31| 18 60] 65) 63) 57] 45) 31 18 
4921, in degrees Fahrenheit...) 23] 20) 26] 42] 51 6 72| 64 47| 27 
Wind, percentage of normal over 
poe. 110 | 120 | 100 | 100 | 120 | 140 | 100 | 100 | 100 | 100 100} 82|110 
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ae 


Serature, in degrees Fahrenheit; 31| 18| 13| 15| 24| 37| 50| 60| 65| 63| 57| 45| 31 mo 
1994, in degrees Fahrenheit...] 36] 28] 5] 17| 26] 36] 45] 57] 62) 62] 53) 51) 31] 1000 
“Wind, percentage ofnormalover} | | | 
Iyear period............ 90| 100] 110/100] 90] 90/110/120 


Average 15-year normal air tem- Re 
‘perature, in degrees Fahrenheit} 31} 18| 13] 24] 37 60} 65 45} 31 


50 
51 62 65| 67| 56) 34 


1930, in degrees Fahrenheit . 28] 17} 8] 18] 24] 39 


a, 


Wind, percentage of normal over 
period... .......... 90| 90} 90] 90/110] 90|100} 90/100] 90] 110} 90|100] so 


Evaporation, E, from the Surface of the Lake: 
November to October, inclusive... . ay 27.38 | 25.5 26.1 
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for the g given ven months from Fig. using known data, (B-R-L) 
- August to October, for the first period, was 3.4 in., and for the second petiod, 
4.8 in.; the average value was 4. 1 in. for both periods combined; and, the 
“difference between the low period and high period was 1.4 in. “Assuming that 
the difference in available rainfall (1.4 in.) is to the dtecnee4 in winter under- . 
— flow (0.9 in.) as the e average ave available rainfall ll (4. 1 in.) is to the average “: 
underground flow, then the average underground flow, December to March, is ¥ 
'. 6in. This was distributed to months as follows: December, 0.8; January, 0.7; 
The average values (E + L) for the 15-yr period, ‘as computed 
the curve in Fig. 1(0). For any period long to equalize 
the underground-storage and Jake-storage ca and’ + L) will represent nt the 
5 quantity of water that falls on the total ‘area and wi hich has not out of 


(or storage it in any month, , then L for that 
_—and also (E + L)—will contain not only the permanent land loss for that 


_ month, | but env a fempenery loss, which sh represents water that has gone int 


; which will represent the values of (E ie L) with land losses distributed to the 
months in which they actually occur. } It will be noted that there is a consider- 


i. able sag in the unmodified (Z + L)-curve in April and May (see Fig. 1(0)). ‘ a! 


: aie This sag is due to the fact that, in these - months, considerable water that had 


is fallen during the winter months, in the form of snow, becomes available oe 
: surface fi flow and underground flow, causing a negative value of L. — 
Mey i The years 1924 and 1931 had the smallest winter precipitation | of any years 
ae. in the 15-yr period under study . The April value of (EF + L) for 1924 was 1. a 
a and the e May’ value of (E +L) for 1931) was 1. 4. These values are only slightly : 
than those 2 adopted for the modified +  L)-curve for these two months. 
ae In comparing the (E + L)-curve and the modified (E + L)-curve, it will be 
noted t that 3.( 0i in. is gained i in the spring thaw. This represents t the water that 
has g gone into storage i in the preceding months, and which comes out of storage 
at the time of the thaw. The difference between the (EZ + L)-curve and the 
_ modified (E + L)-curve (Fig. 1(b)) i is caused by the varying effects of storage ‘ . 
If the modified (EZ + L)- is compared with a sine curve, it will be 
a ‘ noted that there is a slight sag in the winter months, ending about May. es This j . 
- a is caused by a certain area of ice forming n near the shores of the lake in in the: winter, 2 
reduces the evaporation. Superior very seldom, if ever, 


— he rainfall in August, September, and October is 
’ sa major (but not the sole) ‘| 
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in it comes out of storage. It is evident that 
8 minents may be m i 
— Be ade in the (Z + L)-curve to obtain a modified (E + L)- ~ I 
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entirely. It is oubtful if as as of the lake frozen over 
during the period 1920-1934, aan to qoulay 
Before an attempt is made to analyze the curves for individual wane: as 
js desirable to ascertain the approximate shape of the E-curve for an eh ol = 
year. The ‘average monthly values of (E for the 15-yr period are re plotted 
e in Fig. l(c). Since it is assumed that U is positive at all times, all points of the fa ws ce 
must lie above the corresponding points of th the (EF — U)- “curve; in each 
ease it is by an amount that is s equal to the underground flow for the ‘particular — ee d 
month. Previously, herein, average values of U were assumed for December 
 Mareh. — _ This assumption yields points on the E-curve for December to March, 
with the maximum point of the Z-curve in December. . For ‘open-water e evap- = 
minimum point of the curve can be assumed to occur about six 
months from the maximum point, or about June. The evaporation experi i 


¥ 4 ments, reported i in this Symposium by Mr. Hickman, indicate that the minimum _ a Be, . 


monthly evaporation to be expected on Lake Superior will not be less than 1 in. is 
(land area unit). It will be assumed that the minimum evaporation in May 
~ and June is 1.0 in. per month. The open-water evaporation curve can now bas 
obtained by drawing an approximate sine curve between the high points and 
% the low points, and through 1 the ¢ other points determined. v The actual levapora- = 
* tion curve, or the full-line curve in Fig. 1, is obtained for the month eae 
April by considering that a reduction in evaporation, due to ice, continues 


"permanent distributed values of L can be > obtained. T The curves for U and 1 


Bx The U-curve i is higher i in the warm months, and lower i in the winter. | The 


all. ~The curve reflects the higher: rainfalls in n July and September, by in- 
sensed flowin Augustand October. 
The L-curve (Fig. 1(d)) may be considered to be caused primarily by land 
evaporation and transpiration. The shape o of the L-curve suggests that the 
_ land-evaporation curve is somewhat similar to that of the ordinary ~~ 
evaporation: experiment, being higher i in the summer, and, that transpiration 
losses vary with the activity of vegetable grow th. "Attention i is called to the 


fact that “land evaporation,” as the term is used in this paper, means the i 


water vapor absorbed from air by soil). According: to: investigators, the 


__ An estimate has been made of the monthly evaporation for each one ofthe 
“fifteen years in the period 1920-1934; the result of this detailed analysis i 
a 


‘three typical years is shown in Fig. 2, with Tables land 2. The methods used 
in the analysis have been evolved as the result of an extended study. rat +8 ais 8 
ae The average air temperature and relative wind velocities were computed hie 


3 - each month from data supplied by the U. S. Weather Bureau (see Table 1); 3 
a decided departure of either one of these factors from normal for any month | 


will generally have ar noticeable effect on the that month. 
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Relative bumitity was for an was made to 


a evaporation, but the conclusion was reached that the monthly relative humidity — 
= is more the result of the evaporation than it is the cause of evaporation, — For 4 4 


= a this reason, relative humidity was not used in the analysis; which is is equivalent — i 


=. 


k 
a 


to making the assumption that, for | the 15-yr period, the v alues of relative 
remain normal according to the period of the year considered. i 


_ In the analysis, the first step is to plot monthly values of the (E - -U)- 
as “curves ; then values of E are assumed for each month, which best comply | with 


If air demperature is for the month, and not been abnormal 


2 or the months immediately preceding, and if the wind is normal for the m month, 


E should be nearly normal for the month, as shown by the E-curve in Fig. 1(e). = 


(2) A sudden lowering of the temperature for one month will tend to cause a 
gee value of E for this month; this accords with Dalton’s law, since water ‘a a 


eee tends to follow the air temperature, but with a considerable lag. A 
— @) If air temperatures are above normal for a few months (say, three or y 
nore), water temperature will probably be above normal, and £ will be ie 


i Le (4) Ina cold winter, E will, tend to decrease, due primarily to a larger area 


_ (5) A relatively high wind will ‘cause a higher vs value of E. pid sett - 


‘ode (6) The normal winter values of U previously deduced are aevumid to 
i _Spply, except where modification may be indicated by some of the other factors. 


‘3 


Nig 


lowed in general by high or low values of U within a month or two. 
ae (9) In some cases, the conditions will be conflicting; a few minor diserepan- 


“cies are to be expected, due to slight errors in the data, or to the method of 


‘The application of the to three typical shown 
ve in Fig. 2, with Tables 1 and 2. The climatic | data for each month are ee 
a on the vertical | line beneath the given month. In Table 1, the first line of each — 
- sub-table is the av erage (15-yr) air ‘temperature for the ‘corresponding month. i. 
The second line gives the average air temperatures for the months in question. ae 
The effect of the air temperature is judged by comparison of the first two 
the” The third line gives the wind velocity for each month as compared with» 
the average (15-yr) wind velocity for that month. The fourth line shows by 


ae % (E +) or (E —) certain months i in which the temperature and wind indicate . 


a - that the evaporation for ‘the | particular months will be appreciably above or 


is drawn from the tabulated values obtained the 


Bnet U. ¥ Abnormally high or low values of B, except in the winter, should be fol- ig : 


The (E — U)-curve i is computed by a transposition 0 of (1). Te 


—— Aa — 


» 


—— 
t 
7 
4 

‘ 
— +. 
@ 
— 
il: 
g Idh e some relation to the winter pr ape cos 
spring thaw should have some relatio the | 
| 
K 
— 
3 
iy 
— 


e estimated monthly evaporation, giving consideration to climatic factors, and 
to the conditions previously enumerated. The value of U for each month, as pet 
shown by the U-curve, is determined by taking the distance between the E-curve _ 
the he — — U)- curve. ony nats yam bag 

convenience in making comparisons, the B-curve, for rainfall 


Values of E, R, + U), B, and L, are presented i in 2, L 


several factors, in order to reduce the error in land losses, L, due 

storage effect. The twelve-month period, November to October, inclusive, ‘a Res 

was used for Bi in this formula; and, March to February was used for Rand U Sam 
cs for the following reasons: The precipitation (in the form of snow), ‘rom Novem- be 


ber to February, has a much greater effect on R and U in the spring thaw 3 
after March than it does on the winter flow of R and Ale ‘The winter flow : 4 
affected principally by the rainfall in October and the’ preceding months, so “3 
& that the rainfall during the period used in the formula for B reaches the lake az 7 
a - principally i in the period used in the formula for R and U; and the values of | 
a - Leomputed by this method are fairly uniform for most years, since the storage — 
effect will be small unless conditions are somewhat abnormal. The correlation — 
between climatic factors and evaporation, and between rainfall and 


pound flow can be observed in Fig. 2. 
¥ ‘The year 1921 was an unusually warm year, and the evaporation was high : 
the 6 in.). The high evaporation for this year is { further substantiated by a a 
- correspondingly high value of (E + L), which can be computed from known oF 
factors by Equation (3). The winter of 1930 apparently had more ice than oes 
F either 1921 or 1924. It was the only year of the three with a ce ~™ 
_ March temperature below normal. The year 1921 had the highest w — 5s 
precipitation, from. November to March, and it also had the largest under- 
ground flow in the s spring thaw in April and May. 2» The curves in Fig. 2 indi- 
- tate that there is a fairly close correlation between ‘rainfall, B, and the total ae 4 
flow to the lake, (R + U). The distribution of B between Rand U + oa a 
on other factors 
Next, consider the possibility of errors in the data, and the effect that « Ane i) “9 
3 -_ errors might have on the values of Z, L, and U. For the purposes of this RY 
oe it is believed that the values of O and S may be accepted as correct, 
a : and that minor errors are more probable in the values of P, B, and R. oe 
_ following statements are believed to principal effects of possible 


‘From (1), (R + 0 rg the values on the 


ot opposite direction in U; and to * considerable extent, errors ‘in R will be com 
a pensated by opposite errees i in U, without affecting the values of Eand L. ob: 
Equation (1), E=P+(R+U)-—O-S. If O and S are 
_ sumed correct, and errors in R are compensated i in the detentaintd values of U, 
an error i in P will cause - ie err r r in the same direction in E. eG 
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From Equation. (2), b= B-(R + U) errors in R are compens 
A in the determined values of U, an error in B will cause an equal error in the or 
= Sy. The collection of water in rain gages is ‘subject to wind effects, and the 
water in most gages is subject to some slight evaporation. It is believed that : 
Z a, both B and P may be slightly greater than the Weather Bureau data used, and — ss 
Pes that the values of E and L may be slightly larger than the determined amounts. ve P 


wa 


ail The results of this analysis for Lake Superior are as follows: pit “agente? 


ar 


— 


The remainder.. 


Reaches the lake a as: 


Normal annual rainfall on lake i 
Annual su surface run-off to lake is.. 17. 


Annual underground flow to lake i is 


Kirshner, and F. W. Townsend, of the Lake Profesiots C. 0. 
Wisler and W. C. Hoad, Members, Am. Soc. C. E., and E. F. pee, Jun. oe 
Soe. C. E., of the University of Michigan, at Ann Mich. The data form 

“ae a part of a thesis® by the writer, entitled “Hydrology of the Great Lakes,” : 


presented 1 to the | University of Michigan i in 1938, in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 4 


: wae ts eh 5A copy of the thesis, including all observations and other data, has been placed on file i in the mr 


neering Societies’ Library, 33 West 39th Street, New York, N.Y. | 


— 


— 
4 
4 
— 
— el 
— 

outflow from St. Marys River is situs 
d 
ii 

q 

— 


IRA TI 


By HAROLD | C. HICKMAN, + JUN. AM. . Soc. C. E. 


eg The evaporation experiments reported in this -paper were conducted at 
Duluth, Kewaunee, Detroit, cnr Buffalo, for the purpose of providing a basis a 


the evaporation from ‘the water surfaces c of the Great Lakes. 


In order to be applicable t to local conditions, an effort was: made to keep t the 
temperature of the water in the pans approximately the same as the tempera- & 


‘in the open lakes. bi ae were secured which cover a greater 54 


Tit ei: 
variety ; of combinations of air and water temperatures and wind velocities at ; 


- evaporation pans, than any known nm heretofore. In In applying these ceo 


the Great Lakes it was assumed that: the evaporation n from the open n lakes, for 
ve given air temperature, water temperature, and wind velocity, ) would be the 


same : as the observed evaporation from the ‘experimental | pans for the « same 
combination of air temperature, water temperature, and wind velocity. 


» 


The readings were analyzed and plotted on two charts, from which an wi 
mate of the monthly (or daily) evaporation from the Great Lakes can be made. 


In these charts it has been assumed that the relative humidity ‘and barometric 


pressure correspond to the ay average conditions that existed on the shores of the 
lakes, at all four stations, during the particular time of of the year in which the ie 


were being obtained. The experiments indicate that the effect of the ‘ 


wind on ‘evaporation is fundamentally different from ‘that indicated by the 
common evaporation. formula. The rate of -evaporation from open-water 
- surfaces when the air r temperature: is below freezing has been investigated for 


¥ 


reat 1 the 


The physical conditions tha t affect ‘evaporation on the 


; great depths involved (Lake Superior being as much as 1 300 ft deep i in parts, r pe 
Lake Michigan 920 ft, Lake Huron 750 ft, Lake Erie 210 ft, and Lake Ontario rik Pee 


760 ft), the water temperatures tend to remain relatively constant. Measure- 


ments of water temperatures in Lake Superior indicate that the entire body, | 


below a depth of 180 ft, remains at a temperature of approximately 39.4° x we i 


- throughout the year, which is the temperature of maximum density. In cm 
mer, the upper water ; is sat a ‘8 higher temperature | than the lower body. of water, 


— 
— 
“8 F 
— 
1 
— 
— 
— 
— 
— 
— 
Ms 
— 
In winter, the upper water is colder — 


2 
HYDROLOGY OF THE GREAT LAKES 


in the temperature becomes increasingly colder from the lower 
depths to tothesurface, 
— The a average e wind velocity o on the lakes is about 10 miles per hr, which is the 
ies 15 yr average for four stations located around Lake Superior, the stations miei a 
Sia about 100 ft above the lake surface where the wind velocity is comparable to | 
e “that on the lake. ‘There i is considerable evidence to indicate that the effect of ; 
ae the wind is to cause a circulation and interchange of water between the upper 
and. lower layers of the lake, and that there i is some interchange most 0 of the fe 
a “4 time. The effect of this interchange i is to keep the surface temperature, which a 
affects evaporation, cooler in spring and summer than would be the case in 


< shallow boe body of of water; and, the water er temperature lags considerably b behind th 


‘ There is a similar lag in the water temperature in the fall and early winter when — 

9 the air temperature is s decreasing. As far as is known, none of the lakes freezes 

a entirely over i in the winter, although such a condition ‘might be possible for 


John R. Freeman, Past- President and Hon. Am. Soc. C.1 E., and others 
tion from the standard evaporation formulas. Realizing that his results or 

i not satisfactory, Mr. Freeman stated’ that, “Evaporation i is at least a matter of . 
i - great scientific interest, anda precise knowledge of the causes leading to change 
os in its amount could be of use * * *. The collection of accurate statistics can 

% not be begun t too soon.” _ After considerable study, he recommended the f follow- 

at 


“4 ing procedure f for the collection of data: fii bon 


(1) A few months of experimental work, ifelatively inexpensive equi 
i? _ ment, for obtaining accurate values of constants in the formulas, by means of 
which evaporation can be estimated from standard records of the U. S. Weather 


Bureau which give the temperature, dew point, and velocity movemen 


ea. At oak lake, one, or preferably two, evaporation tanks, on opposite 
le (one in Canada and one in the United States) each preferably 6 ft or 8 ft 
by 4 ft to 5 fti in in depth, of of rigid shape, set on rigid support high 


onthe shore. This type of tank should have provision for warming the water 
in winter barely enough to keep tl the ice from freezing on the surface, should have 3 


a device for agitating ase surface slightly, and an anemometer should | be | set i 


at 


“orig (3) One daily temperature measurement shown by the maximum- -minimum 
thermometers should be made along with. observations for all the meteorological 
factors affecting the evaporation, 


ee (4) Comparison should be made between the wind \ velocities at the pan and es 


those recorded the regular. Weather Bureau Station in the same vicinity. 


Because present formulas were not satisfactory for the required determina- 


a ti ion, new experiments which were more or less in accord with Mr. Freeman’ es; 
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were located near r the lake away from any buildings or 
‘and obstructions which might create atmospheric disturbances. — ‘The design 
and arrangement of the equipment approximated that used by the Weather ae a we 
Bureau as nearly as possible i in order to facilitate comparison n of of data. ' ‘he bes a 
dimensions of the pan and relative } positions of the instruments were identical. 


However, the pan had several new features which heretofore had never been 


a ~ Design of Pan— —In order to control . and regulate the temperature of the 


: ater in the pan, heat had to be supplied i in winter and refrigeration in summer. ¥; 


. Se inal desi , shown in Fig. 3, called for a water-jacket around the pan fe 


yas 


| 
4 


ore 


here cool water could be circulated. This design was ‘modified in 
om cases because of local conditions. At Duluth, enclosed electrical heating — As: 
were submerged i in the pan water; and at Detroit, electrical heating 

lated by thermostatic control. - All units were cooled i in summer by rene ll 
cold water around the tank. The supply of cooling water was re 

periodically, by hand, as the need arose. The source of supply was either cold _ 

: well-water or water pumped from the | nant at a depth of 20 ft or more. The x 


_ It has been mentioned that an attempt was made to keep the temperature 3 
of the ‘pan as as to: mid- d-lake temperatures all times. 
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= were entirely satisfactory when analyzed by tr method which was used 3 
~ ee does noe require that the pan water be at the same vemnDerATRS as th 


Su 


= ture for the period. Asa prentapet on this assumption, observations every half — 
hour ‘for 24 consecutive hours were made ¢ ona number of different days. The 
average of 
the 48 half-hour readings for each day, in all cheese, chockiod! the mean of the 
maximum-minimum value for the same day within | 0.5 degree. 
x. The method of ‘obtaining the average daily air temperature was the same i= 
ae as that used by the U. S. Weather Bureau. The mean of the maximum and . a 
thermometers gives the accurately for the 
Other Equipment.—The total daily movement of wind over the pan was es 
neasured by a standard anemometer placed at the edge of the pan and several 
_ inches above the water surface. These anf values were reduced to miles 
_ per hour before being used in the analysis. - Rain and snow gages were placed 
around the pan to record precipitation. Wet-bulb and dry-bulb thermometers 
were supplied to all observers for daily observations of relative humidity 1 rae “@ 


i one reading a day was taken in the immediate vicinity of the a, ee = } 


of the of the equipment and the ‘method of obtaining 


‘Teadings, it can be that mechanical and 


wind velocities, ot of location, it being that the 
- _ humidity and barometric pressure were normal for the particular temperature ae 


combination under consideration. For certain temperature combinations, 
as this may not not be true; but i if a sufficient number of observations are taken within poe 
ey Sa any one range, the average , relative humidity value for that 1 range will ‘approach Sri 
oe = _ normal. The accuracy of a statistical analysis of this nature depends on og x ¢ 
aster Chart —The daily readings, listed according to. temperatures 


velocities, were again into groups with a and air 


from Detroit, and 9 the Buffalo the average 
or _ temperature of each reading was between 40° and 45° and where the average — 


daily water temperature | was between 45° and 50°, were included in this gr group. 3g a 


The centroid of these 44 readings was found and plotted, and the average 0 ee 
these readings was assigned this point. The average wind velocity of the group 
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the four stations we were and plotted i in this m manner. 
- additional 300 observations daily, scattered throughout the period of the ex- | 
periments, were not used. These 300 readings represented days during which 
there was considerable rain or snow accompanied by high winds. ‘Under these — ne 
- conditions, the evaporation pan did not collect the same amount of precipitation 7 te* 
as the rain | gage, and although individual readings of the evaporation pan ur. 
““eatch”” were sometimes high and at other times s low, it was decided not to in- 
clude these irregular observations in the averages because of these discrepancies. 5 
Some groups had as many as eighty individual readings and others had only : : 
five. The average W wind velocities in the various : groups or squares ranged from — ” 
4 to 6 miles per hr, with most of the squares averaging 5 miles per hr. Boy ei >) 
individual square was studied in order t to determine the effect of the wind on a 


_ evaporation in that square. = It was found that the i increase in the amount, ae 


out the range. of the experiments. ‘The proportion in each square was different 

and followed a well-defined plan. The value of average evaporation, in weal 
squares where the average wind velocity was either greater or less than 5 miles _ 
h decreased d, accordi 
per hr, were decreased or increased, according to the proportion for the respec-_ 
We ive square, to correspond to a value of evaporation based on a 5-mile wind. 
Contours representing equal lines of evaporation were drawn. Fig. 4(a) is 
the final result of this work | representing inches of f evaporation per month in- 

stead of inches of evaporation per day. Daily” values may be obtained by 


foot above the water surface, of 5 miles perhr. It has been saad that a a 
tive: humidity a and barometiis. pressure correspond to the average c conditions 

_ that existed during the particular period of the year in which the date weré 
being obtained at the four stations. In order to determine whether m4 

| erepancies, due to location or methods, existed’ in the data a, charts for for each —- 
tion were made. — No irregularities in the slope or position of the contour lines __ 
Were evident. Fig 4(b) represents values of ‘monthly evaporation wi 


tion with sero wind velocity according to the formula® proposed by 
Meyer, M. Am. - Soc. C. E. 
“ Temperature , idea —The range of the two master charts (Figs. 4(a) an 
is sufficient to cover average conditions on the Great Lakes, and a 
: - values of . evaporation may | be obtained directly from them if the respective 3 
monthly air and’ water temperature and wind v velocity data available. 
It is known that the air temperature for individual days drops down well below _ 
low Point of the charts. Should it be necessary tc to obtain values for extreme 


4 -Tanges in temperature or wind velocities, the curves may be extended; daily 
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 Ubservations under extreme conditions have been plotted, and they checked the 
To obtain the monthly values of open-water evaporation for any lake, it is 
~~ _ Necessary to have accurate information as to the air temperatures over the inks, Se 
ae drology,” by A. F. Meyer, John Wiley & Sons, Inc., New York, N. Y., 1917, p. 238. Sp a — 
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the average over | the lak 


Considerable attention was given to these factors. Mean monthly air tempera- 


tare obtained from the records of the U. S. Weather Bureau Stations along _ 
the shore of the lakes do not represent mid-lake conditions. Readings observed 


out on the lake differ materially from those taken on shore because the air is *% a, Bs: : 


influenced by the temperature of the water, both in summer and in winter. — 


i 


a 


Lf < 


(0) LAKES MICHIGAN AND HURON | 


Mar, Apr. May July Aug Sept. Oct Now 
—Averace MEAN Monruiy VaLves or AIR AND WATER 


Then mean monthly air temperatures as shown in Fig. 5 represent average 
i values deduced fr from readings-observed at the middle of the lake. - Information 


‘Pertaining to temperatures, both water and air, was obtained from the records ay 


SS; Seasonal air temperature Vitiations in the lake region are considerable, | and 

; although these variations are somewhat decreased by the lakes, they do affect 
ni the temperature of the water. Large bodies of water, and particularly Lake — 


on range of the average mean water temperature as shown i in Fig. 5(a) is = 
only 18 degrees. Due to the size and depth of the lakes, it can readily beseen 


a amount of heat is necessary to produce changes i in the 
wa 


Superior, react. slowly to climatic variations in temperature. In fact, ‘the 
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i. - a be temperature i in the middle may be 20° lower than that recorded near Ps 
Be the shore. No matter how the air temperature varies, and at what rate, the ; ds 

ie temperature of the: surface water lags behind that of theair. The: mean ‘monthly : 


values for lakes Superior, Michigan, and Huron, shown in Fig. 5, Tepresent 
The surface water is subject to frequent changes in ‘temperature when there 
is no wind; but since this condition seldom exists, interchange of surface and 


% ie .. sub-surface water is occurring continually. . The wind i is one of the most im- 


‘4 “portant factors to be considered in the: study of lake e evaporation for this re reason, — 

a _ In strong winds, spray is thrown into the air, thus increasing the crepe : 

r = Observations at Weather | Bureau Stations on land indicate an in average wind oa 


ed velocity of 10 miles per hr and it is believed that the velocity over over the water “a 


If the normal mean monthly air and water temperatures for Lake Superior, 
i as shown in Fig. 5(a), are plotted i in Fig. 4(b), the points will form the broken- 
line loop shown. These normal monthly values are plotted in Fig. 6(a) and are 
with the values of normal monthly evaporation obtained by 


Ss entirely different analysis ‘made by Colonel Pettis s. It was for this compan << 


a i that the study was made. A temperature loop and values of monthly evapora- 
: oe tion for lakes Michigan and Huron are shown i in Fig. 4(6) and by the dotted 


wanes 6(0). 


dae from the lakes, as as shown by the charts, has been related to air 
and water temperature and wind velocity. The evaporation, obtained as a 
result « of th the e experiments, « cannot be selated directly to relative ray “4 


barometric pressure as ‘measured at standard Weather Bureau Stations. a 
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r and water evaporation, likewise the 


3 humidity as read at the station or as determined at hentubaden Weather Bureau — 
‘Stations. _ Although both relative humidity and barometric pressure have not = ae 
eee related directly to evaporation, they have been considered. It is logical 4 

‘ “t~ assume that if a sufficient number of observations are made in the same i. ¥ 
locality, over a sufficiently long period of time, using a particular air-and-water . 


ander normal or average conditions of relative humidity for that particular “ 
month. — This is true since the evaporation curves s for this particular locality 4 

_ were obtained from numerous daily readings of evaporation, taken under condi- sa] a 
‘: tions of relative humidity which existed in this region, in this particular season. 

Fig. 4(b) thus gives the results in the most desirable form to use in any study, — 

either general or specific, which involves average or probable conditions. 
Li _ Inorder to emphasize the reason for basing this analysis on the three factors, 4 > 
ai and water temperature and wind velocities, it might be well to ) analyze he ai 

ordinary ev evaporation formula that has been i in use for time.® 


+ 


») 


in which K= 
in miles per hour; and c= coefficient exp expressing ag the effect of wind. It ab es 7 


"multiplied by a constant and a wind correction. In n other words, the rand 
‘ ae of evaporation expressed by Equation (5) depends upon. the saturation deficit of 
:'t the atmosphere. If the saturation deficit is small, the evaporation is small. a! 
e Should a condition exist in which the water temperature on : Lake > Superior was 
ae 40° and the air 42.4°, w with a . wind velocity of 10 miles an hr and a relative hu- pp 
ae midity « of 80%, as meesured by the Weather Bureau, a condition quite common 
Ce for this lake, the evaporation for the day’ would be z zero, 0, according { to moog 


‘assumed that the moisture in the air the rate of evaporation. 

7 cannot be denied, but experiments indicate that under the influence of | wind, — 
. evaporation occurs consistently, although Equation (5), used with the proper | 
ven factor, indicates that the evaporation would be zero. | Evaporation 


41 baat of the Great Lakes,” by J. R. Freeman, 1926 Edition, p. 135. $e 


“hi 
temperature of the al 
velocity of the wind, n 
tion could be found between evaporation and relative humidity. Noevidence 4 
| 
| 
| 
it 
— 
a! ie ti In order to use Equation (5), the temperature of the water and air must be «8 im 
‘ee 


increases humidity, and it is believed that relative humidity, as indi: 
ie cated by the experiments, is a result of evaporation more than a cause of 5 
ee _ Experiments conducted in different parts of the United States by the U. 8. 


a Weather Bureau show evidence that a humidity gradient exists, varying in- fond 


 veney as the elevation above the earth’s surface. Even if the relative humid- _ 
ity is 100% at the water surface, there is atmosphere directly above where the 4s 
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oF Montaty Evaroration ror a Constant WATER TEMPERATURE 
=e : percentage is less, and there is a continual escape of vapor upwards. a t seems 


Oe logical to assume, for the purposes of this presentation , that evaporation is se: % 


dependent on temperatures and wind velocities, and that ‘relative humidity on 
the Great Lakes tends to follow the seasonal av erages. 
the wind factor in Equation (5) is eonsidered, it will be noticed at once 


= De that E approaches zero as the difference betwe een the vapor tension and the 


vapor pressure becomes less. When the values of V and vare equal, evaporation 
ceases, of the 
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‘HYDROLOGY OF THE GREAT LAKE 
that this is not true. _ The air temperature i is higher for zero sivatenliliig’ 
ing a constant water temperature, as the wind velocity i is increased (see a 
Fig. 7), and similarly the water temperature is lower for zero evaporation, — 
assuming | a constant air temperature, as the wind velocity is increased. con 
- ang to Mr. ‘Meyer,® an increase in the wind velocity from zero miles per 
hr to 10 miles ; per hr, assuming that other factors in farnigpa (4) romain; 
constant, doubles the evaporation. 
* F and an air temperature of 32° F, the monthly | value ¢ of ii Nal in- 
“ creases from 3 in. to 4 in., as the wind velocities increase from 5 to 10 miles per 
hr, 1 relative humidity" ‘Temaining constant. Similarly at 25° F, the monthly 
value of evaporation increases from 4 in. to 5.3 i in., or an increase in both cases 
of 33% (see Fig. 7(6)). If the same temperature combinations are used with _ 
; Fig. 7(a), 3 it will be noticed that the increase of monthly evaporation, due to an 
_ inerease in the wind velocity from 5 to 10 miles per hr, for an air temperature an 
of 32° F, will be from 4.2 in. to 5.3 in., or an increase of 26%, whereas the in- ie 
ieee at an air temperature of 25° F, for the same conditions, will be from 5.0 ey ae 


to 6.1 in., or an average increase of 22 per cent. 
At 48° F, the increase, due to an increase in the wind velocity from 5to10 


miles per hr, according to Fig. 7(b),is zero. A _ At this temperature, Fig. 7(a) gives 


an increase in the values of monthly evaporation, with an increase in wind — 

4 velocity from 5 to 10 miles per hr, of 80 per cent. The wind has been found to rs 

Be have a decided effect on evaporation, particularly when the air and water tem- 

ae peratures are e nearly r equal. _ The comparison with the Meyer formula is as oe 
Pig accurate as could be made with the data available. _ The evidence onl 


The data from which the air and water temperature curves were prepared 4 


Were obtained from th files of the U. 8. Lake ce Survey Office and from informa- 
+5 tion personally obtained by the writer from. a number of different sources. a 
Copies of the monthly evaporation reports: are on file at the various sectional 3 
headquarters of the U.S. Weather Bureau. Mr. Freeman’s report? on “The 
Hydrology of the Great Lakes” was consulted frequently. 

_ The data form a part of a thesis! by the writer, entitled prsdane from 


a e Great Lakes, rs presented to Lawrenc ce Institute of Technology, Highland — 


Park, Mich., o in 1938, in partial fulfillment of the requirements for the degree o ~ aa 

: Doctor of Engineering. The writer wishes to acknowledge the invaluable 
-—Sasistance of Colonel Pettis a and Mr. Sherman Moore, of the Lake ‘Survey, — 
rf Professors H. L, Woolfenden and G. P. Brewington of Lawrence Institute of 


Lansing, Mich.; and valuable constructive criticism of Professors C. 0. Wisler 


and W. C. Hoad of the University of Michigan, at Ann Arbor. ‘ 


* A copy of the ag containing all data, has been filed for reference in the 
Library, 33 W. 39th Street, New ty 


‘Technology: Professor C, W. Chamberlin of Michigan State College, at 
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YOUNG ON HYDROLOGY OF THE GREAT LAKES 


Youne," Assoc. M. Soc. C. E. (by letter) —The Symposium 
on Hydrology of the Great Lakes is an excellent discussion of evaporation from . 
a _ large bodies of water under unusual conditions. The quantitative analysis 


ne 80 closely ponte) by experimental data i is proof of the value of the a 


* 


to evaporation losses from smaller lakes, shows higher rates of 


This agrees with the fundamental law dev. eloped by Dalton (see Equation 
©) which » in brief — that if all other factors are constant the Tate of a 4 


a temperature of the water surface and vapor pressure of saturated air at the 4 
4 iin 2 _ temperature of the dew-point . When water is warmer than air at less that 
—_ the e saturation point, the difference i in vapor pressure is favorable for evapora- 
‘ tion, for the greater losses. during winter months. Negative 
a _ vapor pressures may cause moisture held in the air to return to the water — 
_ surface although the actual contribution will probably be negligible. 
The same conditions were observed by the writer in connection with 
a evaporation studies of the Division of Irrigation of the United States Die ; 
- ment of Agriculture in a small covered reservoir in southern California to 
which relatively warm water was pumped from a “near-by well. A 
belt of extending entirely around the superstructure of the reservoir 


 gurface were exactly the with the result 
evaporation was only 0. 9 in. for the month. Contrasting with this was a 

ture was a 
than water temperature The monthly “evaporation curve for 
reservoir was an approximate sine curve only from the 
next 6 months plotted as an approximate straight line. a >» poi 
_ Fig. 1(e) in the paper by Colonel Pettis shows permanent lar nd losses of 
8. 9 in. annually, with a maximum monthly loss of 0.9 in. in August. 


of land losses is given as as “the ‘difference between the rainfall B and the sion af 


on tributary land areas. Land losses thus include transpiration from. all 
fe classes of vegetation plus evaporation from moist surfaces. _ eee 


a It would be interesting to know whether the value given to land losses is 


mT supported by results of investigations of consumptive use of water by native 
ig vegetation and agricultural ¢ crops for. the ; area involved. The writer has no 


ag data for comparison except estimates by A. F. Meyer” of 4 to 12 in. of t normal 


_ seasonal transpiration for such grow th as coniferous and deciduous trees, — 


brush, grains, grass, and agricultural crops. Howev er, investigations ¢ of the 


‘Engr, Div. of Bureau Agri. Eng., U. 8. De t. of 
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effect of drought on farm- shelter belts a1 and tree of northern 

__ prairie region in Minnesota, to determine the survival of the principal tree 
‘s “native to the region, following the severe drought of 1934, give an indication 
moisture requirements of several tree species.” Climatic differences between 
Minnesota and the Lakes region would appear to be confined principally 
_ differences in humidity which may be favorable to greater consumptive use in Te 
a Conditions up to the drought. of 1934 were in themselves unfavorable 


of the tree population died for lack of moisture. 
the area is on the critical line of 20 in. of rainfall. When less rain ‘occurred, 


- the Minnesota emery is not far from 20 i in. annually. - This is considerably - 
- different from the land losses for the Lakes area and, , despite t he difference in 


— localities, leads re some speculation : as to whether 5.9 in. . annually is the 


Evaporation experiments made by Mr. Hickman as‘a basis for ‘estimating 


‘actual losses from the Great involved much conscientious work. “The 


evaporation ‘pans. were ‘set in water baths in w which attemp ts were made oO 


‘maintain water temperatures same as mid-lake temperatures. ‘The close 

_ comparison of the pan experiments and the Pettis analysis i is remarkable when e a * 

“the difficulties inherent to each method are considered. 

Some of the drawbacks of the eres Bureau type of pan used were 

overcome largely by the temperature control. ‘The | principal objection to the 
feo Weather Bureau pan lies in rapid changes of the water temperatures, which — ig a 


me ug air temperatures more closely than in deeper pans set in the ground. i 


of The principal advantage of the Weather Bureau pan is in the opportunity < of 5 


a Leia the long series of records obtained from it under a variety of rand 4 
Tae — Records from the pan used in the the experiments cannot be so 


— 


= 


Witty 


Bo compared because, i in effect, it is a floating, rather than a land pan. _ Records 

4 “show the relation of evaporation from small reservoirs or large tanks to be fe 
~ about: 0.70 of the Weather Bureau pan loss. Under conditions of temperature — 
pee and with the e pan surrounded by w ia this value would increase and a 
probably approach unity. It would be a matter of interest if Mr. Hickman . 
had stated whether actual pan evaporation was assigned as direct lake evapo- Ka ae: 
tation without use of aconversion coefficient. | 
“Since March, 1936, the Division of Trrigation, f 
Engineering, U. §. Department of Agriculture, has been experimenting with a 


specially designed ground pan, ft in diameter, with: the object 
evaporation losses to a point that will not require use of a coefficient. 


*“Drouth Damage to Prairie Shelterbelts in Minnesota,” by M. E. Deters and a Mewes 
Schinitz, Bulletin No. $29, Univ. of Minnesota Agr. Experiment Station, 1936. 
_ EByaporation from of by Carl Rohwer, Assoc. M. ‘Am. Soe. 
. E., Transactions, Am. Soc. _ EB. Vol. 99 (193 673. 
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intercept a portion of the 1 rays of the sun, comparisons have been made, since 
= other pans of which the most important are the Weather Bureau 
a pan and a ground tank, 12 } ft in diameter. Evaporation from the sereen- : 
covered pan the 3 yr of record averaged 80% of that from the Weather 
-., Bureau pan and 103% of the 12-ft tank loss. The close agreement between — 
from the sereen-covered pan and the 12-ft tank demonstrates its value 


as representing lake or reservoir evaporation more closely than any other 


— type of small evaporation pan. It has been tested variously from 


] to desert climates with close agreement in 1 results under different climatic 


It is inexpensive and easily transported and installed. It also 


has the advantage of using less water than is required ordinarily, and id conse- 


ently does not require such frequent attention as other | pans, soy 4 


_ Mr. Hickman’s (see heading, ‘Results of Experiments: — 


from reservoir In the West, water is at a 


its value is increasing. There are many evaporation pan records but few  - 
the value such records when applied to large water surfaces. Through 
the courtesy of the ‘Water Department of the City of "Pasadena, Calif., 
preliminary investigation was undertaken by the Division of Irrigation, on 
Morris reservoir, ‘to determine evaporative influences for different parts of 


4 the water surface. Instruments placed upon barges recorded air temperature, 


humidity, and wind movement for different sections of the reservoir surface. 2 


_ Evaporation was measured from a small pan on each barge, and lake tempers — 
were taken. results indicated wide differences i in evaporation and 


over.a much longer period to determine f the distrib 


evaporation from the larger water surfaces. 


rt forris reservoir i is a narrow, irregularly shaped b body of water, surrounded % 


abruptly 1 rising that influence wind ‘movement and direction, 
condition that also influences temperature and humidity. Itis representative 
Ta many western mountain r reservoirs which are different in shape from those 7% 


. ~ more open country. There is little. doubt that size, shape, depth, and 
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a y one time, and the temperature in the middle may be 20° lower than 
a a recorded near the shore,” calls attention to a condition that perhaps has ‘| 
4 : een given due consideration heretofore. In estimating lake evaporation — 
‘ a > Eas. rough use of a conversion coefficient no attention has been paid to the relation — 4 
oo = of the water surface in the pan to that in the lake. Contrary to lake surfaces, : a 
water surfaces in pans have approximately the same temperature for each 
unit of water area. Pan surfaces are not greatly disturbed by wind, and losses 
not increased by waves throwing spray into the air. This all reduces to 
the fact that evaporation from pans is practically uniform over the pan area, 
oe E an _ whereas evaporation from lakes is influenced by many factors that have been 
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OF THE GREAT LAKES 
and that such: factors at are not whew’ a 
JR., don. Soc. C. E. (by letter)—Mr. Hick- 
man’s paper. is an interesting treatise on the subject, and it is with some 
reluctance that an attempt is made to add to, or detract from, the value of aS; : 


are based either upon conditions which are peculiar to the Great Lakes region ee ee 

where the experiments were conducted, or upon insufficient data of relative 
humidity. _ The purpose of this discussion is to show that, in the Tennessee a. ae a 
~ River basin, there is a marked variation of relative humidity with evaporation — “ 4 
(or vice versa), as well as the variation of evaporation with wind velocity. _ 
The Hydraulic Data ‘Division of Tennessee Valley Authority has" 
: “eollected daily evaporation data at four stations in the Tennessee River basin — ‘ 

Be from the fall of 1934 to the present date, 1939. These stations contain equip- 
i in accordance with U. 8. Weather Bureau Class “A” "evaporation station 


¢ specifications. A brief description of the two stations from which the data bis 
used in the discussion were obtained follows: 


. be Norris, Tenn.—The station is situated at an elevation of 1000 ft above = 
mean sea level, approximately 20 miles, air-line, northwest of Knoxville, Tenn. os 
ae It is about 4 000 ft south of the Norris Dam and Reservoir but only 500 ft 
south of the Clinch River. - Observations were started on October 23, 1934, 

? and additional instruments, other than standard equipment, were installed a 
* subsequently. These additions are: A weighing evaporation pan, two sets of 


maximum and minimum water thermometers (one set for each pan), a meaning 


a hygrothermograph, a water-temperature recorder (in the standard pan), & 

ne eS urphy, N. C- —The station is approximately 70 miles east of ees aD 
— Tenn., i in the town of Murphy, N. C., at an elevation of 1 575 ft above mean aa % 
pee Sea level. It is about 700 ft north of the Hiwassee River, and at the = 
upper end of the pool to be forme 


begun on 17, 1934, and since that the following instru- 


water and a recording rain gage. heb ‘To ow: 
= _ The other two stations are at Beetree Dam, N. C., and Perse in aie 
Prior to January, 1939, the latter station was situsted at Pickwick Landing 
Dam, Tenn. ne Data from these stations are in accord with the trend of Fig. _ 
8(@) but are not plotted in detailon that diagram. 
confine the study, the range of air temperature was selected arbitrarily 
a 40° to 46° F, and that of the water temperature as 44 to 50 degrees. A hodlk a 
wide variation in relative humidity over this range was found, and a total of __ Ree, 


4 e 78 points was used. Data of days on which rain and snow occurred were not 


used, in order to eliminate any possible errors due to differences of rainfall 
catch between the evaporation pan and therain gage. 

the Tennessee Valley experiments, wind velocities are measured by an 
Memometer the pan, with the 1 ft above the water surface, 
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et na these velocities are smaller than those at the same instant several feet oro 
ms the ground. In the particular data | used, the maximum average daily gr groun 
velocity of the wind was 5.01 miles per 
ae wis _ The integrated averages of the daily air temperatures and relative humidities - 
were determined from the hygrothermograph charts. At the Norris. station, 
4 BS the integrated daily averages of the water-temperature recorder charts were 
x 9 used, but it was necessary to utilize the daily average of the maximum and 
minimum water thermometers at the Murphy station. It is believed that no 
correlation of evaporation and relative humidity is possible when only one 
~~ observation is made of relative humidity unless the relative-humidity — 
ie curve for the entire day has little or no variation. For any other condition 
oy “it is necessary to obtain a true daily average by frequent psychrometer or 
i wet-bulb and dry-bulb thermometer readings over 24-hr periods or from a 


ap evaporation, obtained as a result of the experiments, cannot be related directly 5 
relative humidity or barometric pressure as measured at standard BB 
Bureau > Stations,’ ’ and * “No evidence could be found that the amount 


the 24 hr—not by o one or two readings. In the Tennessee River basin it is ta 
not uncommon for relative humidities to vary from a minimum of 25% toa 5 
‘maximum of 99% or 100% within 24 hr. With such a variation an observation % 
of relative humidity taken at any time of the day could not secre: a he” 
average, except by chancen j= coltate od 
A plot was made of daily ¢ evaporation versus average daily relative humidity 
re for the data selected. — Fig. 8(a) shows the points as well as the ‘most likely — a 
a <f _ straight line to indicate the trend. The average wind velocity, in miles per ha 
hour, is noted beside each point. For large rates of evaporation there are is 
: large wind velocities; but for small rates there is a hetero. 
me geneous mixture of large and small velocities, in many of which the large 
weloditins ‘approach or exceed those in the higher evaporation “region” of the 
diagram. apparent from Fig. 8(a) that evaporation does depend de definitely 
upon relative humidity. The trend toward decrease in evaporation with 
increase in humidity is clearly shown by the slope of the trend line. It is not 
intended that this line be construed as s representing the equation of ‘evaporation, ; 
but rather that it be considered as showing merely the distinet trend of the : 
a scattering of the points would be anticipated that the eye 
; could not envision any trend. Fora given evaporation the maximum variation 
2a in humidity from the line is 20%, and the average variation of all the points — 
a from the line is only 5 x percent. It must be remembered that the other factors 
evaporation are active in these field observations and 


affect | the > foregoing relationship. — 
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d at neighboring Weather Bureau Stations.” The la 
of as determined a it is written because the 
statement may be true if it is 4 many readies 
average daily relative humidity is obta 
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ER ON HYDROLOGY OF THE GREAT ‘LAKES 


Another ‘eis: was made of ‘daily evaporation versus wind v velocity for the 


ah same observations used in Fig. 8(a), and the corresponding relative humidity 
noted beside each. . The result is the “shot-gun” pattern of Fig. 8(6) 


which, nevertheless, shows certain interesting features. The m main conelusion 


velocity. However, the effect of relative humidity i is apparent even in 


evaporation exceeding 0.100 in., 95% of the points plotted 
_ show relative humidities less than 70%, and 78% of the relative humidities — 4 
a are lower than 65 per cent. For ‘evaporation | less than 0.100 in., 82% of the 2 


points show relative humidities above 70%, and only 3% show relative 


2 fe a humidities less than 65 per cent. Re: curve was not fitted to these points, but 
: a trend is indicated toward an increase in evaporation with increased wind = 
velocit y. A substantiation of the conclusion drawn from Fig. 8(a), that there ¢ 
is a trend toward an increase in evaporation with a decrease in relative humidity, — 
et is likewise apparent. Together, Figs. 8(a) and 8(6) show definitely that evapo. a 
ration, as measured from ‘pans in the Tennessee River basin, depends more 
ae upon relative humidity than upon wind velocity, because the scattering of the z 
Points it in Fig. 8(a) is not as great as in Fig. 8(b). 
Hickman refers often to the assumption that the relative humidity 
to the average conditions that existed during the particular 
ae period of the year in which the data were obtained at the four stations. Data 
can - observed i in the Tennessee River | basin show that there i is nothing to ‘indicate i 


relative remains near practically constant average for any 


me 


VAL 


— 


© Ror the points used i in Fig. 8, the daily average relative humidity varied — a 
/ from. 39% as a minimum to 93% as a maximum. In this area it cannot be 
_ gaid that there is an “average condition” of relative humidity for a period a 
even as short as & sa day since such decided variations exist. 3 


Jan- | Feb- Fe Oc- 

uary | ruary April tober “ber | uary | ruary tober 


67 | 65 | 61 | 62 | 72 | 76 | 73 || 72 | 69 | 69 | 66 | 71 | 81180 
77 | 74 | 68 | 6 | 79 | 83) | 74 | 72 | 68 | 90 |.80 

| 80 | 88 || | 56 | 72 | 71 | 


2 

1 
83 | 72 | 71 | 
81 | 80 | 77 | 77 | 7 | 79 | 80 || | | ot | 


such changes from year to year in monthly average relative humidity that itis. ; 
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— ee gives the monthly average relative humidity from 1935 through 1938 for the _ 

— 
— 
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ration in a study of field conditions. One wonders whether relative humidity 

ey ; es: is not one quantity of the atmosphere of which the seasonal trend from oc ; 


to year is erratic and unpredictable, in : so far as ‘estimating can 3 
- expected for a certain month or season. This variation is dependent largely _ 
upon the frequency of rainfall, wind conditions, and air temperatures. — ‘These — 
- factors then influence the rate of evaporation through the relative humidity, — 
ath No definite relationship was found from the barograph charts of the N orris E- 
station which would show a correlation between evaporation and barometric 
pressure. However, daily pressure variations at this station are small—rarely 
more than 0. 5 in. of mercury, which j is less | than 2% of the mean barometer a” 
reading. Results of the evaporation experiments at Fort Collins, Colo. ee ; 
indicate an approximate increase of 2% in evaporation for each inch of decrease eae f 
_ in barometric pressure. 4 Since the maximum variation in pressure at the Norris 
station is only 0.5 in., the maximum variation that could be attributed to. 
: _ barometric pressure change is about 1 per cent. This variation would be so 
$ _ that it could not be detected in an observation involving such small 
"i ash In conclusion it may be stated that the evidence presented indicates that a 
‘evaporation. is influenced by | both relative humidity and wind velocity, but at 
with the greater effect. being due to relative humidity. Tt is believed that 
_ Mr. Hickman is correct in suggesting that current opinion as to the effect of phy 
wind on evaporation is in need of revision—but this revision should be toward / a 
4 giving less weight to 7 effect and more to that of relative humidity. Pe = EA fese 


Maran" M. Au. 800. C. E. (by letter) —The subject 
matter of this Symposium i is of importance. There i is great need 


‘Duluth evaporation records and to evaporation from Lake. Superior, without 
_ teference to conditions on the remainder of the Great Lakes. ol. 
as In his paper, Mr. Hickman states (see “Synopsis”) that “an effort was _ 
made to keep the temperature of the water in the pans approximately the same ae 
as the temperature of the water in the open | lakes”; and (see “Description ee 
Design of Pan”) that “Due to mechanical difficulties, the control 
was far from perfect; but the results were entirely satisfactory when analyzed 
_ by the method which was used and which does not require that the pan water — 
eB at the same temperature as the lake water.”” It may be quite true that the _ 
Pant water need not be at the e same temperature as the lake water at any » ll 


ae ‘but the range 0 of evaporation observations should ‘certainly co cover the 


q 
general range of conditions prevailing on Lake Superior. Lain 


An examination of the records filed in the Societies Library"® 
-teveals the fact that, at the Duluth station, only about 75 days’ records are 
3 available which are reasonably applicable to fall and winter evaporation from 
Lake Superior, ‘including | the ‘months ‘September to ‘February, inclusive. 

; The arrangement for heating the evaporation pan during the winter apparently — 


“Evaporation from Free Water Surfaces,” " by Carl Rohwer, Assoc. M. Am. Gee: C. E., 
No. 271, U. 8. of Agriculture, December, 1931. 
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another matter. No records whatsoever are on file which e even Teasonably 
simulate the conditions prevailing on Lake Superior from March to 


% me this time, the Lake Superior water is cold and the a air is swarm. oa 


recorded temperature of the water in the evaporation pan. 
4.—COoMPARISON OF OF TEMPERATURES 


| 16.5— August | 50 


__ Observations of pan evaporation, with water temperatures ranging 20° 


higher in the pan than in the open | lake, can 1 scarcely be accepted a as @ measure 


of summer evaporation from Lake Superior. . This phase of the subject i is of 


both papers and those of some of the earlier investigators ‘results from differ- a 
ences in summer evaporation, and the assumption of summer undergroun 


and d evaporation being somewhere near This: also” has a bearing 


data, for made. No in the slope or 
of Fig. 4(a), all the available daily records for Duluth when the 
wind velocity was between 2.5 and 7.5 miles per hr at the pan level; and there — 


: 2 either no precipitation or less than 0.02 in. The average wind vey 


= 


e evaporatior 
:. bert s master chart, Fig. 4(a). It appears that about onb- third of the q 
hes evaporation observations at ‘the Duluth station plot outside of the limits 


ot ‘Mr. ‘Hickman’s master chart. Ly No data whatsoever are available for t the 


. 4(a). a few points are available for the 2-in. ine. al 


tel 
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the utmost importance, since the main difference between the conclusions Oi 
— 
— 
— _ normally assumed losses of from 14 in. to 22 in., depending upon precipitation. 
— 
oOo the paragraph preceding Equation (4). Mr. Hickman states. “In order _ 
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[EYER ON ‘HYDROLOGY THE 


“half-way between the 5- in.-per-month e ines w were 
to control the 4-in. line. The average of these points was found to be 0.123 ing 
or 3.7 in. of evaporation per month. The points ranged from 0.04 in. on March sey 
m @ (representing 1.2 in. monthly evaporation, with a southwest wind of 3.0 miles a 
per hr and 92% relative humidity at the U. 8. Weather Bureau Station) to tex 
0,28 in. on May 17 (representing 8. 4 in. monthly evaporation, with a northwest 


of 7.0 miles per hr and 49% relative humidity). BE 
The second most erratic points ranged from 0.05 in. on March 15 (repre- 
{ : senting | 5 in. monthly evaporation, with a northwest wind of 3.6 miles per hr is: 
9 (representing 6.6 in. monthly evaporation, with a southeast wind of 3.0 miles ; 
per hr and 53% relative humidity at the Weather Bureau Station). Another 


on April 14 with a northeast 
wind at 3.9 miles per hr 


we 
the Weather Bureau Station. | 


BIS 


Vapor | pressure in the : air. 

points controlling the 


of the 4in. were con- 
sidered separately. The aver- a 
age of tl those points control- 
tng the upper half of the 
curve represented 5. 0 in. of 
evaporation per month, Tang: 
ing from to (8.4 in. 
month, The average of the 
points: controlling the lower. Wind Velocity, 


of the 4-in.linerepresented per Hour, Relative Humidity. 


Air 


of 


month. The lower half repre- ish 
sented conditions prevailing — tia, in Degrees Fahrenheit 


ae A trial line marked “4 in. per month (Meyer),” ‘shown i in Fig. 9, was then ee. 
from the lower end of Hickman’ 8 5-in -per-month line to the al 


and 72% relative humidity at the Weather Bureau Station) to 0.22 in. on March Ra as 


3 
— 
greater number of the daily evaporation points fell. All of the points __ < 
— 
4 
= 
2 
im 
_ 
Vy 
= 
line practically in the center of the, chart. The average 


pa 


line an of 0.138, or 4.1 in. of eveporatins: This 
ae * a better average than the author’s 3.7 in. for the 4-in. line. — Furthermore, — 
the points controlling the upper half of the writer’ 8 line averaged 4. 5 i n. per 


second trial 4-in. line was at the same point at the bottom 
oof the chart, but ending at the 1 1- in. line instead of the 2-in. line. ——— 
of the points controlling the upper part of this line represented 3.5 in. of 
monthly evaporation, whereas those controlling the lower part mr 
ae an average of 3.9 in. of ‘monthly evaporation. — _ Evidently, if the 4-i -in. line 
é started at Mr. Hickman’ s 5-in. line at the bottom of the chart and ended at his 
é as 1.5-in. line at the top of the chart, it would probably come nearest to conforming — 
4 to the data for the Lake Superior ol observation : station. . The fact Temains, 


a iN (1) Observations at the Duluth evaporation pan were made only i in ‘the : 
x _ morning 8 at about 9:00 o’clock. The data on file do not cover: relative aber 


1 (2) The relative ht humidity observations at the evaporation station are at 
variance with the observations of the U.S. Weather Bureau situated on the 
hill i in Duluth. At first glance, ' this variation, illustrated by Table 5, appears 


_ TABLE 5. RELATIVE» 


U.S. Burzau 


Evaporation Sta wang, 


at 9:00 0 AM. 


“When the ‘actual pressure i in the air from the relates 
humidity and the temperature for January, it appears that the readings at 4 
Rs the evaporation station and at the Weather Bureau Station give nearly identical 
- esults, and indicate ‘a most interesting relationship worthy of further study. 

It is a fact that the reduction in relative humidity during the day often 
represents little more than a variation in temperatare, with the actual | vapor ae 


pressure In the v 


Ae 
| 
connection with Mr. Hickman’s statement that no relation was found 
— 
— 
— 
— 
Although a mean monthly relative humidity of 6. 
the evaporation station would appear to conflict with a 
a Be at the Weather Bureau Station at noon, when the relative humidity is normally a a 
lower, the facts are that the January mean temperature at the evaporation 
— 
Ge: 
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HARDING ON HYDROLOGY OF THE GREAT 
selative humidity, | considered together, as they are in the Meyer 

formula (Equation (5)), are a much better indication of the actual vapor 
in the air which controls evaporation than temperature alone. ae 


T. Harpine,"* M. Am, Soc. Cc. E. (by letter) .—The two papers in this 


"Symposium represent a hydrologic balance sheet for the Great Lakes. 
method used is illustrated by its application to Lake Superior. The. resulting 
values found for the individual items in such a balance have values which differ — wag ‘ 
4g for som me items from t those more generally considered applicable to. similar 
conditions. ‘The authors’ results| can be reviewed both from the | point of view 


= 


Ae 


of their detail procedure and from general comparisons of their results. ‘iveed 


a ay As | Colonel Pettis states, a rigid solution is impossible where there are three _ a a 
unknowns and only two equations. He meets this condition by means of 
_ assumptions which provide the equivalent of a third equation. The correctness ‘a 
of his conclusions thus depends on the correctness of these assumptions. 
his Colonel Pettis assumes that the area supplying 1 water to Lake Superior is - 

limited to its topographic drainage basin. This assumption is the usual and Z cm 
atural one for this area. Its use requires that the sum of all items of water use . 

ust equal, and cannot etait ithe total rainfall on the topographic basin 
known items are in the expression Pb: R- o- S. 


though all of these items cannot ‘be measured | completely or exactly they are ; 


m 


item as Colonel Pettis states the run-off of only 49% 0 of the the tributary drainage 


plotting of the average monthly values of P + R~O- Ss (Fig. 


ah shows negative values for April and May. © _ This means that the values used > a 


ies | 3 a for the rainfall on the lake, | the surface 1 reno into the lake and the lowering _ 

ee i : of the lake are not sufficient to supply the outflow from the lake in these | y 
f ‘oe og months. This, in turn, means that some additional it item of inflow is is required to ‘ 

supply the outflow even if no evaporation occurs from the lake. 


1 bx Although the uncertainty in the values for P and R may account forthe i= 
€é _Regative values found for P R -0- — all experience requires the inclusion 
of. some material amount of evaporation in n these months. This, in. turn, 
1 4 results in in requiring an additionally Is larger item of inflow from some | unmeasured ag a 
_ Proceeding with the assumption that there is unmeasured ground- water flow 
- into the lake, Colonel Pettis derives values for its amount which produce the re- ce i 
a: sults shown in his summary balance for both land and water areas. The curve — — 
‘ for P+ R —O —S, in Fig. 1(c) which is equal to E — U, or the total net be : 
Value of the unknown evaporation from the lake and any other unknown inflow, “Sa a 
_ indicates that either there are major omissions or errors in P +R-O-S a 1 4 
or that other sources of inflow must exist of appreciable amount. It also indi- 
He: cates that the values for evaporation by months must have a relative distribu- 4 ; a 


S tion through the year that is materially different from those that have been | - . 


| = usually considered. If the unknown item of inflow is assumed to have a fairly © ape 
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tant distribution dened ‘ae year, the resulting values for e 
- be om the lake must have winter values that are larger than the summer ‘beni be 
Using his assumptions Colonel Pettis completes the analysis | to > secure the 


the lake. ‘Just as Colonel Pettis used his results for P -0-S8 
judge the of distribution by months of his unknown items, his' con- 
clusions can be used to judge the reasonableness of his results. baat 


ee ‘The rainfall on the drainage a area must supply the land losses, the rainfall — 
penetration which becomes the source of the ground-water and 
2a flow into the streams and the lake as. well as the surface run-off. For La Lake 
alone the items of water supply must balance If one 


— 


tosses for consumptive use. total rainfall of 28.2 in. be distributed i 
is te 


ub 


Inches of Depth on Land Areas 


Inches of Depth on Lake Area: avy agg) 
2. 


4 


al 


Underground flow into lake, U 5. 


os” oa various amounts as illustrated in Table 6. These results illustrate the ine 
; tions on the different items. If 16.6 in. of the rainfall on the land are usedin 


evaporation and ‘Plant ‘transpiration, including r rainfall 


a is no remaining available for ground- water flow into the lake. To 
Colonel Pettis’ conclusions land | losses can 1 only be 5.91 9 in. and rainfall -penetra- 
tion would have to be 10.7 in. plus the g . ground- water portion of the stream how, 


_ Although no exact values can be set for these items, Colonel Pettis’ 


a hia sions differ materially from most of the present values used for these items He 
= secures a land loss of 5.9 in. where water surface evaporation is 35.6 in. or land ras 

_ losses are only one-sixth of water losses. The drainage area of Lake Superior 2a 4 
contains many other lakes. _ Their total area is not available; if they represent i 


= sixth of the drainage area, their. evaporation would r require all of the water 


For the vegetative conditions of this area, phate 


tive ‘uses should ‘exceed 5. 9 ‘in. . The rainfall is sufficient to support active 
vegetation. Cropped areas would require more than 6-in. loss 
yields; forest areas would consume in excess of of this ar amount. 


— aa 
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a maximum monthly land of less than 1 ini. per 
show! n bys available: records a are > well summarized by Jc Joseph r., 


“land his values are derived from areas ‘adjacent to Lake Superior 
deep ground-water movement is notafactor.. | 


that represents ater flow into the streams is not discussed i in 
terms in the Symposium and would be difficult to estimate closely. As the 


te r stream flow is fairly well su sustained throughout the year such ground- -water flo fl a Ss 4 
appears to be a material part of the measured stream 


os The quantity of the derived underground flow into the lake represents 37% — 


the precipitation. . With ground- water movement into the surface streams, 
the summary presented by Colonel Pettis would require that more than one-half if 
of the rainfall | penetrate to the ground- water. &; This i is a much larger proportion — 
ofr ‘rainfall penetration than has: been found for other similar areas. he 
- general results of observations of rainfall penetration in the Great Plains area™ 
~ would indicate | little penetration from the 28. 21 in. of rainfall on heavy soils, to 


- perhaps 6 i in. on n sandy lands if conditions are as favorable as on the drainage of a&§ 
Loup River in Nebraska. The probable amount of rainfall penetration on pa 
the drainage ¢ area of Lake Superior would not appear to to be sufficient to account ae 
e ground-water flow into the streams which is included in the 
The small value found for consumptive use requires & correspondingly igh 
value for the total run-off. For both surface and underground run-off, the 
total run-off derived is 22.3 in. from a rainfall of 28.2 in. _ This exceeds thie 
2 remapein of run-off obtained from adjacent similar areas. Areas farther west 
i me latitude, with about 20 in. rainfall, have a surface run-off of on ms 
or 3 in. have little rainfall penetration, 
Evaporation—The Symposium presents two determinations of evaporation 
from Lake Superior, separately derived. Their close agreement does not neces- po Bes 
sarily represent a proof of the correctness of either. My 
te Mr. Hickman’s method of observation of evaporation represents a com- 
on effort to eliminate one of me factors which « causes observations with 


4 


additional questions ‘Tegarding the interpretation of the ‘Pan ‘results in 


‘The maintenance of the temperature of the water in the pans at the same _ — 
Value as the temperature of the surface water in the lake does not of itself & 


Ss) *“The Magnitude and Regional Distribution of Water Losses Influenced by Vegetation,” by Joseph ae. 
Kittridge, Jr., Journal of Forestry, Vol. XXXVI, No. 8, August, 19388, pp. 775-778. 


_®“Direct Accretions to Ground-Water from Rainfall,” by S. T. Faring, M. Am. Soe. C. E., Trans- 
tions, Am. Geoph: Union, 18th Annual Meeting, 1937, 


= 
Cittri h losses to be less than 
a i nd desert shrub areas. — 
if a 
i 
part of the surface run-off, must represent rainfall that has penetrated below = 
— 
a 
— 
— 
a 
— 
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Although the difference in temperature between the water in the pans. sand in ae 3 
hi a lakes is one of the important factors in their different rates of evaporation, ¢ other 
factors such as rim effects of the pan, differences of exposure and differences in — 


. = _ Evaporation i is dependent o on the available heat supply. On the lake t the 
heat supply is . primarily that received from solar radiation. The ‘evaporation i 
“a ill be less than the quantity of water that the total solar radiation can convert ‘-. 
— into: vapor because of back radiation and any! loss in heat to surrounding bodies, 4 
Heat is stored in the lake during months of rising water temperatures and» . 3 
withdrawn during those of lowering temperatures. The authors state that 
temperature v rariations extend to a depth of 180 ft. ‘They - present the monthly 
Ss surface temperatures but do not show the monthly temperature profiles — 
as .s If the heat added to the pans during the cooling months, to maintain the ee | 
2 “same water temperature in the pan as in the surface w water in the lake, ney am : ; 
= to the heat obtained at the lake surface by the cooling of the lake water, then — as 
the loss from the pan w ould represent the probable evaporation from the lake 
asf ar as the heat balance items are involved. . In the summer months the heat ae 
removed from the water in the pan would need to be equal to the heat stored — 


oe in the water in the lake. Without records of the heat added or Temoved from 


7 


ey the pan, or of temperature profiles i in the lake, comparisons on . the basis of eee 
ae Mr. Hickman’s results differ from direct observations on other lakes which 
do not freeze during the winter. On some western lakes conditions permit psa aid 
= ae same type of analysis used by Colonel ‘Pettis where ground-water inflow or — 
= ‘outflow is negligible i in amount. Among such lakes in areas of fairly low winter a 
temperatures are Pyramid and Walker lakes in Nevada. These lakes also “ : 
= do not freeze during the winter; both have sufficient depth to be » comparable, 
in this respect, to Lake Superior, Results to 19357 show much less relative 
3 evaporation during the winter months than are found by the authors. The Ee 
_ evaporation and air temperatures of the three lakes are compared it in Table 7. 
i For the air temperatures the U.S. Weather Bureau records at the nearest station 
. are used, Lahontan being used for Pyramid Lake and Schurz for Walker Lake. 
wt on, Until the heat-controlled pan can be tested adj jacent toa large water r surface : 
. for which the evaporation can be determined, the coefficient that needs to be 
applied to the results with the heat-controlled pan | must remain unknown, 

? -— Although the coefficient might prove to be unity, both for annual and for 
ee ~ monthly periods, the writer will venture | the prediction that the loss from the | 
heat-controlled pan will be found to exceed that from the adjacent large water. 

ee area and that the monthly ratios of the pan to the large area will be variable. 


_ % Evaporation from Large Water-Surfaces Based on Records in California and Nevada,” by 8. T. a We f 
rding, Transactions, Am. Geophysical Union, 16th Annual Meeting, 1935, pp. 507-511. vi 


— 
measured evaporation from large areas are needed before the assumption that | 
- the controlled pan has a coefficient of unity in all months can be justified, & | 
— 
— ata! 
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HARDING oN OF THE GREAT LAKES 
The size of the hebt-ootrolled pan is also a factor in its amount of evaporation — 
- ifits performance is similar to other types of pan. | Comparisons with different. 
sizes of heat-controlled pans would not be difficult to make; if size were found to 
be a factor it would demonstrate that the assumption of a value of unity for 
e coefficient of their pan as | used by | the authors was not Justified. { lad avd s 


_ TABLE 7.—CoMPARISON OF EVAPORATION AND AIR TEMPERATURES; PYRAMID 


AND WALKER LAKES in Nevapa AND LAKE ‘SUPERIOR 


Pyramid Lake alker Lake Lake Superior Percent of the Annual Total 


Meas Mean air 


temper- apo- | temper- 
ature, in t ature, in 


AN 


eo} 


0.20 

0.15 
0.20 
0.20 

| 33 
it) 

|. 0.55 
0.65 

0.45 
0.40 
(0.25 


4.20 


Cwm 


Conclusions. | Pettis ‘meets contradiction of 
= in 
d evaporation pans for which agree with: 
Colonel Pettis’ results but, if applied to Lake Superior without: correction, lead E: 
a to the same difficulties i in land losses that result from Colonel Pettis’ analysis. 
__ Although these two papers represent a commendable effort to determine the 
hydrologic balance for the drainage area of Lake Superior, the problem does — 
‘Rot appear to be solved . Further work needed appears to include: (1) A more 
 direet study of land losses to determine what part of the rainfall may be avail- 
able for ground-water movement into the lake; (2) perhaps a review and possi- — 


_ ble revision of the estimated surface flow from the unmeasured portions of the - a 


drainage area; (3) comparisons | of the heat-controlled pans with large water 
areas whose evaporation can be measured; and (4) monthly temperature pro- ae 


+3 files in the lake to determine if cooling i in the late ‘fall and winter months « can 
a supply the amount of heat required for the estimated amount of evaporation in in a 

these months . Although previous estimates of evaporation from Lake Su perior = 
3 may have been too small, Mr. ‘Hickman’ 8 estimate, when all factors are 

; sidered, appears to be too high. ~ Actually the evaporation from the lake must a 

i. have a value that can be supplied from the rainfall and leave a consistent water _ 
Supply available for land losses. Mr. results do not appear to mee meet 
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ice 
0. Esa. —The paper by Colonel Pettis d 
not discuss the geology and ground-water c conditions of the drainage basin 
tributary to Lake Superior. The area is known to be underlain, for the mos 
party: by pre-Cambrian crystalline rocks which in general are impervious or 
~ have only low permeability. In most places these hard old rocks are a 


bya thin mantle of glacial drift which is, in part, water-bearing. ee 


Sg far as is known, the rocks of this Vell do not, except locally, have any 
artesian structure or other structural features for conveying the ground-water: = 
tially under 


; _— laterally toward the lake. The ground- -water is s believed to! be essen 
water-table conditions, with the water-table sloping toward the streams and 
branches: and not generally toward the lake, if these conditions prevail, a large on 
ae part of the stream flow is doubtless derived from ground- water, but the quantity ¥ 


of water percolating directly into the lake can be only a small the 


10.7 in. postulated i in the paper, 
the basis of the great mass of information that is available i in to 

a, the geology and ground-water c conditions of the United § States, it can be stated — . 
- confidently that, for most of the large drainage basins in the United States, ‘the :} 
loss or gain | of water by subterranean flow i is relatively small, and the discharge 4 


= by transpiration and evaporation. approximates the differeipe between precipi 
In general, the rate of discharge by transpiratio1 


from one region t 


10. 7 i in., the purported value of 
added to 59 in., the ‘purported of the total is 16. 6 in., which is ap- 


a - proximately the discharge by transpiration and evaporation that would be a 
a expected in the Lake Superior basin from the known regionalloss. 8 = 
The writer has not been able to get a clear understanding of the process by 4 ~ 
‘ which the evaporation from the lake (Z) has been estimated or computed in 
Ey this paper. It is apparently quite conjectural. — The value of 10.7 in. for — “a 
ground-water inflow (U) has been derived merely by subtracting P + R from 


— O+F8+E~ Furthermore, the value of 5.9 in. for the land loss (L) has been 4 


a derived merely by subtracting R + Ufrom B. Apparently 1 no effort was made 
to study the actual ground-water conditions. w 


< It would seem that, before the results of 10.7 in. . and 5.9 in. can be n be given : 
ematic groun ey of the drainage basin: 


favorable. consideration, a systematic ground-water sur surve 
should be made, including a quantitative ground-water study of at least one & 
locality that appears relatively favorable for perco 
S10 
of the water-table and a determination of the extent, thickness, and coefficient es 
Geologist in charge Division of Ground Water, Water Resources Branch, ‘U. . 8. Survey, 


r percolation of ground-water into 
the lake. quantitative study should include such items a8 contour map 
of permeability of the water-bearing beds. § 
D.C. 
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DAVENPORT on HYDROLOGY OF THE onmar ‘TAKES 


ae 

~ Colonel Pettis reaches the conclusion that, for the ‘drainage area of the Great iP 


Lakes, the evaporation and underground flow are » greater, and thd land losses. 


are less, than the values that have been generally accepted. 
e The mean annual evaporation from Lake Superior has beea estimated in i. 
oe. “notable investigations of recent years as follows: 22 in. by Mr. Freeman, 15 in. 
by Messrs. Horton and Grunsky, and 23 in. by Messrs. Hayford and Folse. 
7 results contrast w with 35.6 in. obtained byt the authors of f the | Symposium. 
The substantial excess of the latter value of estimated evaporation over _ 4 
the mean Py rainfall and ‘the mean annual run-off 


are reasonably precise and should be correspondingly reliable. _ Consequently, a 
pt Colonel Pettis’ further conclusion that underground flow is more and losses eo 3 
an g 
are less than generally accepted seems to rest on the of 


oa | ‘Superior and changes i in storage in the lake are determined by methods w ah 


Sater) the difference rainfall and run- “off, 

United States. (The term “rainfall” as used herein includes ‘ll forms of | 
precipitation. T he studies were supervised by Gordon R. Williams, Assoc. M. 
Am. Soc. C. E., under the general direction of the writer. 
They were limited to streams in the humid or semi-arid regions of the United | 
“States east of the Rocky Mountains. The basic period for which the com noni 
tions were made is the water year, or year endin g September 30. Only records 
_ which had continued without interruption for tlives years or more were used. . 
2 _ The basins were also selected with a view to: (a) The avoidance of complications — 


a to underground flow, as indicated by large springs | or other evidence of 


material ground-water influence; (b) the avoidance of artificial regulation by 


oP ‘Storage; and (c) the availability of a sufficient number of precipitation stations 
for the reliable | determination of the average precipitation in the respective = 


- basins. _ The report™ gives results for about 200 areas with an aggregate period “s 
‘3 3 of record of more than 2 000 years, or an average of about ten years per record. Re 
oy Table 8 shows a summary of precipitation, run-off, and water losses for 
“areas in the western St. Lawrence River Basin and the adjoining | region, as they 
appear in the report. The water- loss results are plotted in Fig. 10 in order to “ e 
Rt facilitate consideration in relation to their several geographical positions. ir TI he ¥ 


"requirements of the study for continuity and duration of the records, freedom 
a from complications caused by artificial regulation of stream flow, and adequacy : 
ee the rainfall data caused th the, distribution of selected basins to be sparse in the rs 


__ As used in these studien, the run-off i is the surface stream flow measured at 


at gaging station, and the rainfall is the computed average precipitation over the a Be 
— area tributary to the gaging station. The difference between these _ 


Hydr. Engr., U. S. Geological Survey, Washington, D.C. 
™ “Water Losses in the United States,” by Gordon R. Williams and others, Paper N. 
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= basin “est ine ane water outflow from the basin that is not measured at the < 


station, minus ground-water accretion from sources outside the basin 


which h appears in the measured surface flow at the gaging station. The common 


TABLE 8.—SUMMARY OF PrecipiraTion, Run- Orr, AND Water Loss 


WESTERN Sr. LAWRENCE River BAsIN AND ADJOINING REGION 


+4 Basin above the the indicated d gaging g station studied, in |‘. 


water years 


__‘Thornapple River near Caledonia, Mich. . 1932-1934 


Muskegon River at Newaygo, Mich... 1932-1934 


Tittabawassee ever Presiend, 1916-1920 
1932-1934 | 


4932-1934 


Streams Tributary to Lake Huron: geil 


- Jump River at Sheldon, Wis.. 1916-1934 510 30.5 12.9 17.6 
‘Trempealeau River at Dodge, Wis... . .. 1915-1919 633 
Black River Basin: 
La Crosse River near West Salem, Wis. 7 1915-1934 
i Rib River at Rib Falls, Wis 1926-1934 
Yellow River at Sprague, Wis f 1927-1934 
Kickapoo River at Gays Mills, 1915-1933 
Rock River Basin: 


o © 


Red River at Fargo, N. Dak - {1919-1923 
Red River at Graod Forks, N. Dak.. 

Red Lake River at Crookston, Minn. Ae 


1926-1933 


f this difference as water losses, as represen nting the evaporation and Bi 


“the ways indicated. Adjustments to the water-loss results as computed 


_be subtractive for ground-water outflow that does not appear at the gaging 2 


- station and additive for ground-water accretion from outside the basin ml 
_ appears at the gaging station. Variations in evaporation, transpiration, and — 
“4 ground-water effects, both additive and subtractive, would be reflected in 4 


variations i in the computed ¢ difference between rainfall and run-off. 
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Fig. 11.—Companrson of Mean Water Loss 
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a 


i = 4 and a tendency to systematic transition in value as these conditions change, 


‘The water losses show g uniformity ur under similar climatic 


from south to north. _ In the Gulf States computed losses of 30 in. to 35 in. . i a 
_ more are typical, whereas i in the latitude of central New England and Wisconsin | bs ¢ 


% A striking feature is the pr progressive ve decrease in the computed loss in a direction — ae 


= the losses seem to range generally. from 20 i in. to 24 in. . In the a aforementioned re 


= a and representative e distribution. 


by means of = 


and transpiration in relation to the mean annual temperature. 


cs The mean annual temperature of the area tributary to Lake Superior is of = 
the order of 35 degrees. the relation indicated by Fig. ll is applicable, 


er would appear that the normal annual water loss by evaporation and transpira- _ 
is between 14 in. and 20 in. This compares with 16.6 in. 0 obtained by 


taking the difference between the rainfall and run-off results | given by Colonel = 


be? Pettis, and differs radically from the 5.9in.computed by him. | 
ee. * Colonel Pettis’ determination of evaporation seems to be a likely source of 


Ag Bh - feels that he is to be commended for bringing it to public a attention. . The fact 
Pe "3 that he is able to reach conclusions which vary widely from those held by others — 


= sion. Bef ore his conclusions can be accepted, however, they should be examined 
His conclusion, and the one which seems to be at greatest variance 
with generally accepted results, is with ‘respect to the effect of vapor-pressure 
_ difference and wind on the evaporation rate. The paper states that the 


a rate is not proportional to the 1 vapor-pressure difference and that : 


vival 


one combination of water and air temperatures an | evaporation rate of 0.09 in. — 


me = per day might occur with zero vapor-pressure difference, the evaporation being - 
due solely to the effect of wind at 10 miles per hr. is entirely possible that 
water: may be removed from a free water ‘surface by wind when the = 
ed pressure difference is zero. Such removal could be accomplished mechanically, — 
ei the water being « carried away from the evaporation pan or reservoir surface . 
the form of spray. This might when waves break, for example, 


indicated by the common evaporation formula. ’ The paper indicates thatfor 


discrepancy, , and it that the work on that factor n may receive ‘critical 


G. H. Hickox,” Assoc. M. Am. C. letter). —The writer has 1 read 
3 ta, with interest Mr. Hickman’s s contribution to the subject of evaporation and . 


a . indicates that the subject is not thoroughly understood throughout t the profes- 2 
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without. There is ‘evidence | ‘that such ‘action o occurs 
along the Pacific coast where the salt on transmission Tine 


gatiace of Lake Superior by this _ Atmospheric turbulence would 
~ to be the only means of holding the droplets in suspension, and any lessening of — 
wind velocity would result in a noticeable precipitation, it being assumed, of 
5 course, that evaporation co could not occur. ons, 
speculation seems rather idle since the proportionality of evaporation 
to vapor-pressure difference has been well established. Dalton’s Law has tote 
accepted as a basis for correlating evaporation | experiments for many years and 
3 a is apparently : sound theoretically. It has also been verified experimentally by _ 
Carl Rohwer,?* F. Graham Millar,” B. C. Shepherd, C. Hadlock, R.C. Brewer,* 
ry and others. T he three sets of experiments specifically referred to were con- — 4 
under the by Mr. Hickman; that is, “in a wind 


2 "pressure difference. In these experiments, the vapor pressures were e defined i in — 
_ the customary manner—as the pressure of saturated water vapor at the tem onal ; 
_ ture of the water surface, and as the partial pressure of the water vapor in the “at 2 


_ atmosphere at a considerable distance from the water surface. _C. W. Thorn- : = 
thwaite and Benjamin Holzman” have computed evaporation rates on the basis 
of Dalton’s Law from observations of vapor pressures at different elevations — A 
above the ground surface. They have been successful not only in calculating A 
evaporation rates when a positive vapor-pressure_ difference existed, but also in 
calculating the rate of “condensation that occurred with a n negative vapor- 
rm No theory is any stronger r than the evidence that supports i it. Before Mr. . ; 
_ Hickman’s conclusions ean be accepted, it -will be necessary to refute the con- 2 a 
3 trary results obtained in many caref ully conducted experiments, or to explain — 
them i in terms of the new theory. Iti is that Mr. Hickman’ 8 conclusion 


4 
LA 


: terms of the accepted theory. His conclusion i is apparently based on the im-— 
proper m method of using one daily observation of relative humidity to rae il 


an | average vapor pressure for the day. The variation of relative humidity in : “2 
the vicinity of the Great Lakes is not known, but the point may be illustrated 
by reference to conditions in the Tennessee Valley. 2 ‘Figs. 12(a) and 12(b) show — 

a typical example of the variation of relative humidity and air temperature — 
throughout the at a point in the of Norris Lake. The 


*"Evaporation from Free Water Surfaces, 


Evaporation from Free Water Surfaces,” by F. Graham Millar, Canadia i aclu Memoirs, 


_ ™“Drying Materials in Trays, B. C. Shepherd, Cc. Hadlock, and Brewer 
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variation in and relative humidity, the vapor pressure 
is relatively constant. In — the actual change of the water vapor a 


case illustrated, the average air temperature is 63.5° F. Mr. does 
state when the determined, but to the 


em of mereury. “The actual s average vapor | pressure is 0.87 em of 


ir Temperature, ii 
rees Fahrenhei 
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Fie. 12 AIR TEMPERATURE, AND Varon PRESSURE Near Norats 4 
‘Eve Even the average air temperature and average relative: humidity y does t 
‘9 give the the e average vapor pressure, due to the non-linear r relationship between 
vapor pressure and temperature. Referring” to Fig. 12 again, the average ait 
vee temperature of 63. 5° F and average relative humidity of 64% give an apparent i 
3 average vapor pressure of 0. 95 em of mercury, as ) compared with the true 


average ‘of 0.87 cm. Similar reasoning applies to the use of average water tem- 


— 
— 
— tion. During the day, w lwater vapor f | 
r content may be near satura drops, although the total wa 
— «ee h, the relative humidity necessarily reatly. The errors involved in ap- Re 
— is high, its pressure) may not change to the average air temperature a 
— nd hence its pressure umidity determination to hvinne 
(an humidity he dav are oh, 
lvi a single relative nor nresanre for ‘4 
P ying to calenlate an averace ve 
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are The success of: Meyer’ s formula (Equation (4)) is due to the 
~ empirical evaluation of the constants which takes care of the manner in which © - 
‘Vandvare calculated. An equation containing constants derived i in this man- 
te ner may give absurd results when applied outside the range of conditions which * ie 
_ were used in its derivation. This would not disturb the validity of the funda- 
mental laws ‘on which it was based, and this is where Mr. Hickman “goes 
tea.” ’ It is quite possible to have a definite evaporation rate when the 
apparent vapor-pressure difference, determined from average air and 
and’ one observation of relative humidity, is zero. It does not 
follow, however, that Dalton’s Law is thereby proved to be in isindal 
The foregoing constitutes the chief objection to Mr. Hickman’s thesis. 
The writer disagrees on on a number of minor points which will be enumerated in Pa 
‘ iz The assumption that “the evaporation from the @ open lakes, for a given air “ay 
ee temperature, water temperature, and wind velocity, would be the same as the a ; 
ee observed evaporation from the experimental pans for the same combination of — Ja 
air temperature, water temperature, and wind velocity” (see “Synopsis’’) 
open to serious question. The data of the late Reuben B. Sleight,” Assoc. M. 
Am. Soe. C. E., and Mr. Rohwer" indicate that the rate of evaporation is ae 


: oo duced with an increase in the diameter of the evaporating water surface for 


= water than at some distance f farther on. For this reason, the rate of evaporation — 


i a n a small j pan will be greater than that from a larger area. leostadqma bas 
Hickman states (see “Synopsis’’) that “The rate of 
open-water surfaces when the air temperature is below freezing has been 
ahi. investigated for the ‘first time.” This statement overlooks Mr. Rohwer’ = se 
Work, published in 1931, in ‘which made under these conditions 3 
comparison ‘of the data obtained in these experiments with the 
7 obtained by the Weather Bureau with their ' standard evaporation equipment 
would have been greatly facilitated if the same type of "equipment had been | 
‘used. The standard Weather Bureau pan is so mounted as to be exposed fully a 
; to sunshine and wind. mt The desirability « of this exposure is open to criticism; 
but the y provision of a water jacket. or an insulated shell interferes s materially — 
with the similarity of the installation by reducing the transfer of heat through. 
the walls of the pan both by solar radiation and by convection. , ORs Pp" eres =; 


a. Ls The writer is unable to see the reason for omitting relative humidity or 
apor pressure as @ basis of correlating the experimental results. Would it not 


— 
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— 
of 
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— 
"4 
consideration of the edge effects. Dry air passing over a water surface — 
mes 
| 
4 
astound a certain average value as to assume that any particular daily tempera- 
Di jon b late Reuben B. Sleight, Assoc. M. Am. Soc. C. E., of paper “‘Evaporation on | 
States Projects,” by Ivan E. Houk, M. Am. Soe. C. E., Transactions, Am. See. C. E., = 


| 


= 


= Cittehaty it would make the work much easier or if all the September evap vege 
_ records could be grouped and averaged. Such a value would probably 
e- Correlation between the evaporation rate and relative humidity ‘as such j is 

i- + not to be expected in any case. The proper basis for correlation, as predicted — “Hs 
2 from physical theory a and verified by experiment, ‘is s between the evaporation 

y, as implied by the 
name, is purely a relative term and has no absolute value. 

_. Mr. Hickman’s expressed desire for tests made in a wind tunnel under 

‘ ‘ laboratory conditions has already been fulfilled by experiments made by workers : 

: in various fields, including the Canadian Meteorological Service, which is also 
studying the hydrology of the Great Lakes. It is unfortunate that the ne results 
of these experiments are not more generally known to the civil engineering — 

R. M. Am. Soc. C. E. (by letter).—Since 1936 the 
searched for quantitative information about underground water. Harold 
7 Ai Conkling, M. Am. Soc. C. E., estimated that 40% or 50% of the rainfall on 
: a Long Island reaches the water table; and he stated that probably most of the 5 
underground water reaches the sea without coming to the surface.* A few 


fh, engineers in California seem to realize that, at times, ground-water movement $3 


‘may involve appreciable quantities; but. engineers ix in general seem to be almost 
‘ oes unanimously of the opinion that ground-water movements are negligible, a 
can be neglected entirely in the study of the hydrology of any region. Messrs. 
- Rs Harding, Meinzer, and Davenport state the generally accepted opinion clearly 4 
a 3 and emphatically. Mr. Freeman’ and Robert E. Horton,? M. Am. Soe. C. Ey af | 

ie started their studies on the hydrology o of the Great Lakes with the sccumption 
that ground-water flow i is negligible, and the ‘assumption is carried over into 4 
ae their conclusions. From comments by Mr. Harding it seems that the same ac 

* was probably done in the study of Pyramid ] Lake and Walker Lake. “a : 

a The writer tried to outline the method so that it could be followed by i: 

s = one who wished to make a similar study; and, in the paper, he gave all of his 
ae conclusions that seemed to be of general interest. The s statistical studies upon ze 
which the conclusions were based’ were voluminous, and it was not 
that they would be of sufficient general interest to justify publication. 

writer te reach his solu ution withou at being unduly influenced 


ae 


cumulative, and indicates that the underground flow, U,7 is appreciable, and 

_ that its numerical value is not much less than the value of the surface flow R. 
to, ‘The underground flow into the lake in the period from April 1 to July 31, ch 

_ inclusive, is greater than the evaporation from the lake in the same period of ae t 


_  % Colonel, Corps of Engrs., U. 8. Army (Retired), Head, Dept. of Math., Mississippi State a. ; 
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assumption—namely, that water which appears in the lake, 
but which neither falls on its surface nor flows into it from surface streams, mies 


must be classed as underground flow. From Fig. 1(c), it may be noted that the — 
average value of (E — U) for the period April 1 to July 31, inclusive, is negative | i 


be: -(=0.2). This means that for the stated 4-month period the underground flow 


greater numerically than the evaporation from the lake surface, both being ns 


measured i in land units. — In other words, if there i is any net evaporation from uy 


the lake in the average period from April 1 to July 31, there must have been 
at least an equal quantity of underground flow coming into the lake in -. 
same period, in order to make the water accounts balance. 


~ It is believed that the data may be considered to be excellent and ebabetd- 


forth the purpose of the foregoing st statements, and that han 
eit Th he solution in the text indicates that the evaporation from the lake, in 


- Take ‘units, , from April 1 to July 31, inclusive, i is 6.4 in.; and the underground . 
| 
a th for the same period is 6.6 in., in lake units. - This value of evaporation for 
he stated period checks very well | with the results obtained by Mr. Hickman 


in his ‘analysis of the evaporation experiments. 


if an effort is made to check the values of evaporation from standard text- _ a 


a 


Mr. Meyer) indicate an ‘evaporation fi from April 1 to 31 (which 
corresponding underground flow) almost. three times the values 
in the preceding paragraph. Mr. Meyer there® indicates about 80% ‘ 
evaporation than in n Fig. 1, and Mr. Moyer! chart indicates at another place 


a 4 ground flow for the stated period are the smallest that are consistent with .any 
‘known published data on the subject. pdisorytab ai batevibas 
abnormally high rainfall, B, in any one month will ordinarily increase 
the surface run-off R in the same morth, and to some extent in the vfollawing 
om months; the effect of the high rainfall on R can be computed directly from the — 
‘ data. The effect of a high rainfall on the underground flow U can likewise be ta a 
computed by a method which will be described. ~The relative effects of the 
high rainfall on R and U can be compared therefore. bapongiebus md fle wart 
An abnormally high rainfall in any given month has no ‘appreciable effect. Be 
ont the value of (U — - B) for the given month; but there is a strong tendency _ Bie 
for the value of (U — E) to be above normal for both the second month and oe: 
the third month, and this tendency is quite pronounced not only on Lake Js 
Bepetior, but on each ofthe otherGreat Lakes, 
An analysis of the data with respect to variations i ‘in ‘evaporation indi- 
cates that temperature i is the main factor a: affecting ad ‘Similarly it is evident 4 
that rainfall B is the principal factor affecting t underground flow UL U. Further- 


More, over longer time, such as one year, r, there is no corre- 
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= Ifa group of values of (U — - E) are selected where there | was high rainfall j in 
some preceding month, and a similar group following low 1 rainfall in the same i 

. a preceding month, the difference in values of (U — E) will tend to represent 

eo ae difference in values of U, since the values of E, being independent, will tend — 
to cancel. The greater the number of items, the more accurate the results — 
from the assumption will be. This method has been used with many different = 
and the is alway ys the same—that high underground 


a 8 in., and the average value of (U - E) for October was (- 1.5) in. 
ji _ For the years 1920, 1922, 1923, 1924, 1925, 1927, and 1932, the average value 
__ of B for September was 2.7 i in., , the average value of R for October was 0.7 i in., 
a the average value of (U — - E) for October was (| 1 9) in in Subtracting — 
the ¢ different items, it appears that in the first period an average monthly e excess hs 
of 1.6 in. of rainfall, B, produced an increase of 0.1 in. in surface run-off Rin 
October, and an increase of 0.4 i in. in underground flow U, for October. — Since = 


the value of U was computed for seven values: of (U- E) in ‘years | of high 


fU contains some slight ‘error because the walues of E have not balanced 
po. Biebeds: if the foregoing process is repeated a number of times, and the results = 
_ combined for a final conclusion, the probability is that the final results will” 
- The foregoing method was julee for various 3 periods of months, and through- 
out the 15-yr period. For example, high and low rainfall for Cone 


periods were compared, for periods varying from o1 one month to twelve 


underground flow to the Lake i increases after high rainfalls. This indlestiol 


7 is clear i in all of the Great Lakes, for the 15-yr period. i It seems that the 


‘a sidering the statistical methods used, ‘the writer is of the opinion that — 
- results cannot be considered to be absolutely accurate; but that they -m 
mathematically excellent approximations, and the error of current engineering — 

opinion n about ground-water has been proved beyond a doubt. cont 
ae In the Freeman report* certain reasons are given for’ believing that the Bs’ 
“actual rainfall may be greater than that indicated by U. 8. Weather Duet 


- records, ~- - More than 100 stations were considered in the Lake Superior area, 
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i BS: ay weeks. It then decreases. The study indicated that the effect of a high 
i rainfall on underground flow will not vanish completely for several monthé. 
a om One calendar month was the unit of time used for all the basic data. Fif- 
eo oo. teen years was the total period considered for the four Great Lakes. The _ 
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% tO decrease the quantity of rain reported. The writer has seen & rain | gage 
eS 7 that was s dry after a light summer shower. | The gage was warm, and the water 
he evaporated almost as soon as it fell. The writer is of the opinion that the ae 
j BR actual annual rainfall may have been 3 in. more than the value that was used nae a 
y in his , study. The effect of this on the computations would be to add 3 in. . 
to the land losses, without affecting the underground flow. = 


. Moll Mr. Horton has published a summary* of engineering opinion about land - 


losses. . It is thought that the -writer’s conclusions about land losses are not we 
ng _ inconsistent with Mr. Horton’s statements and tables, if local conditions are Mag 


 eonsidered; although the writer’s data are slightly on the low side. 
a we The area of Lake Nipigon, on the north shore of Lake Superior, estimated - 
& - from a small-scale map, is about 1,600 sq miles. All other lakes in the Lake a 
4 Superior ‘drainage area are relatively small. It is thought that the water ae “4 
iq surface in the land-drainage area is not more than about 5 per cent. Asfar = 


_ as is known, Lake Nipigon and the other lakes freeze in the winter and remain he 
frozen about five months, so that evaporation from them is necessarily much a 
less than from Lake Superior. The writer’s data apply to Lake Superior, “Ay . =a 
and they will not apply to localities where conditions are different. 4 
The entire Great Lakes region was covered by glacial drift. Considerable 
beach sand is in evidence in places. The writer has made numerous auto-— af 
mobile trips covering areas around the Great Lakes; he has talked to geologists ee 
f and mine operators; and he has found nothing to indicate the impossibility _ a 
1% _. The writer does not claim that he has said the final word, even about Lake e = , 
Superior. He only hopes that he has offered evidence about a subject’ on 
C. HickMaN, Jun. ‘Am. Soc. Cc. E. (by letter). —During the 
= early stages of the investigation of the hydrology | of the Great Lakes certain Py Bie. fi 
: unexpected relations of negative yield became apparent, which, after making ae * 4 


nis ee due allowances for errors of observations, could be explained only by unex- = 


ea pectedly large evaporation in winter and correspondingly smaller evaporation 3 - 
3 insummer. Mr. Freeman had given careful consideration to all available data Sg a 


on evaporation in his study of the hydrology of the Great Lakes, and advised ret 
Bey Before experiments were begun the writer reviewed most of the work that 


further study of the subject. LOD § af Yo dite. at af 


s had been done on evaporation to familiarize himself with conditions under which eet a 4 
this work had been conducted, to determine if these conditions were comparable 

ee work could be used in arriving at a suitable and accurate value of evaporation i 


the lake surface. Te was found that conditions affecting evaporation 
from the lake were quite different from those under which all available accurate 


ci | i te those in the Great Lakes, and also to determine whether the results of this ne 
oe | 4 Pe on evaporation from other large bodies of water had been obtained, and aed " 


' 


Semler Engr., U. 8. Lake Survey, Detroit, Mich. 
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believed that most of the errors due to location and other causes would tend 
As 
a 
aa 
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| 


from the conditions around the small experimental tanks 
et which formulas and constants for estimating evaporation had been derived af 
= The areas of the water surfaces of the lakes are so large, and the rte 4 f 
oe across in the direction of the wind so great, that factors affecting evaporation 
under these conditions must be considered separately. The comparatively 
winters, cold damp springs, cool mild summers, warm prolonged 
gutumns, characteristic of the lake region, are evidence of the influence of 
broad, deep expanse of these waters on climatic conditions. The climate and 
wind movement, the amount of moisture in the air (which largely affects both 
Wg tn - radiation loss by night and absorption of heat during the day), the depth of the met 
water which tends to keep the water temperature (as i in the case of Lake 
_ Superior) between 33° F in winter and 51° Fi in summer—all are factors in 1a : 
_ The experiments reported in the original thesis! were not undertaken = so 


that had been done previously i in this field. They were condueted to detention 
a the best available value for monthly evaporation from the surface of the Great : | 
| Lakes, using only data which the writer eonaianed as accurate and as having a 


over which controversy might arise. the discussions certain objections were 
B22 raised to the methods used in arriving at a monthly value of evaporation based ef 
on water temperature, air temperature, and wind velocity, to the exclusion of 
ez relative humidity. Mr. Cooper presents data which show that, apparently, eK 
5 2S evaporation in the Tennessee Valley was influenced by both relative humidity 4 
oe Sy | and wind velocity, but with greater effect being due to relative humidity. He ig 
es id 4 also states that, in his opinion, any revision of current opinion as to the effect of rd 
= wind on evaporation should be toward giving less weight to wind and more to se 
relative humidity. The writer spent considerable time studying meteorological — 
a, ra _ conditions in the locality i in which Mr. Cooper’s experiments were conducted — 
* and found that, in no degree, did they approach conditions existing in the lake x 
a a he Tennessee stations were equipped in accordance with U. 8. Weather 
+ - Bureau “Class A” evaporation specifications. _ The principal objection. to this a 
4 a type of installation lies in the rapid changes of pan temperatures. The water 
i a temperature tends to follow that of the air and for the purpose of an investiga- if 
tion of evaporation from large cold bodies’ of water is entirely unsatisfactory. 
‘Data obtained with equipment of this type do not make allowance for the large 
differences between water temperature and air temperature so characteristic in 
: the lake region. It is quite conceivable that the Tennessee experiments would 
show that evaporation is influenced more by changes in relative humidity than Moa 
ae wind velocity when the equipment used and the conditions under which the rae 
experiments were conducted are considered. air mass passing over a body 
as of water at approximately the same temperature as the air will absorb water . 4 
in quantities depending upon the saturation deficit of that air. At low 


~ would be influenced more byt relative humidity, than by the velocity 


4 
4 
| 
4 
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4 
4 
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‘al the lake region the air temperature is sihateeehandd by the temperature “a 
- the lake water at all times. The temperature on shore may be 80° and “ ie 
miles out in the lake it pmay b be 60°. During a large part of the year ‘thermal’ — ra he 


blow off the lake. In the winter months mane of air, peering 


sey capacity does exist in winter is evident in the snow belt 0 on the south 
shore of of Lake Superior and Lake Ontario. — i It is likely that evaporation under e 
these conditions is influenced more by: the ¥ wind than by r relative humidity, « as 
reported by the Weather Bureau Stations around the lakes, and that these Be 
relative humidity data cannot be used as a means penne evaporation 4 
Mr. Cooper states that a few relative humidity viidiad dutbe the day y will 

“not give the average value for that day in isolated instances. It will be 


- the station 01 or as determined at Weather Bureau Stations i in the vicinity. Mr. 

Cooper suggests that, because the daily average value was difficult to obtain, it 
was neglected. It might be well to point out that tests to determine the effect ag 

of this factor were conducted extensively before actual experiments began. 

is The a average | value for the ane was obtained by averaging the hourly readings — 


to typical separate days may he noted to show the effect of humidity. _ The ib a 
us first set of two days had an average water temperature for the , day of 52° and 2 
ae an average air temperature of 50°. The second set had an average daily water | 
i temperature of 56° and an air * temperature of 64°. The daily wind velocity — 
eis for the four days was 5 miles per hr. The evaporation for the days, underthe 
Pe first set, was 0. 124 and 0.128 in. with average daily relative humidities of 67 
_ and 85 per cent. — _ The evaporation for the second set was 0.058 and 0.055 oo 
- with respective relative humidities of 73 and 81 per cent. — In a number of 
_ other instances evaporation continued during periods of complete saturatiqn 
under a ‘strong wind. Evidence of this kind was found throughout. the stu cx eal 
. and it seems, in the light of these facts, that relative humidity i is not as im- 
The data presented by Mr. Cooper are confined to air temperatures | between 
es and 46° and water temperatures between 44° and 50° with wind velocities: a: : 
ranging from 0.5 to 1.5 miles per hr. It would be interesting to see what ; 


air temperatures r ranging from 10° to 95° and with water temperatures from a 
___ 83° to 75° with wind velocity up to 22 miles per hr. Cae hee 
- Although evaporation was found not to be related to rayne humidity | as 
3 4 reported at the U. S. . Weather | Bureau Stations, th 
es “monthly v; values 1 were compared from year to year, did ct i certain degree of 
oe ‘consistency. _ The average monthly relative humidity for the years from 1920 % 
oe to 1934 for the Superior Basin was computed by averaging the monthly means — 4 


the Weather ‘Bureau Sault Ste. Marie, Mich. ; 


— 
— 
— 
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carrying capacity is increased. Under these conditions evaporation would 
2 
3 
— 
annid he thee the fine af wath — 
| 
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Marquette, Mich:: Mie Duluth, ‘Minn.; ; and Port 


:> “ta Table 9 shows the averages of relative’ humidity - for the ‘Superior | Basin 
Although these data should not be construed a as representing lake con con 


:. increase back to a high | in December. if relative: humidity does influence 
evaporation it must vary directly with evaporation in the lake regions as 
a indicated i in Table 9 and inversely as shown by Fig. 8 in Mr. Cooper's dis- 

tis believed that a seasonal variation in relative humidity, which i is rather 


uniform from year year, does exist in the lake 1 region. It does not follow, 


even reasonably simulated conditions prevailing on Lake Superior from March e ; 


2 vit show 


a to August and proceeds. to that for the summer months of April to Sep- 
- tember the average daily water temperatures i in the pan were from 6.6° to 21. 1° 
a higher than those shown by the open lake water temperatures curve and 


- upon which the values of monthly evaporation i in the Pettis analysis were based. 


x _ The paper describes clearly the procedure used in analyzing the data from 


ae, the va various stations and, as stated, these data are on file in the Engineering i: 


“one gr group of 44 readings—11 from: Duluth, 14 from Kewaunee, 10 from 
Detroit, and 9 from Buffalo,—where the average daily air tem of 
yg each reading was between 40° and 45° and where the average daily water 
‘ow veal temperature was between 45° and 50°, were included in this group. | “The ; 
centroid of these 44 readings was found and plotted, and the average of 
readings assigned this point The average wind velocity of the 
_ group was found to be five miles per hour.” Me: ons 
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— ON HYDROLOGY OF OREAT LAKES 849 
When a method of analyzing data of this kind is used, any departure of one a 


station from the average water temperature curve for one coms not 


the original analysis, 185 Observations, a which were 
from the Kewaunee Station, wer were used, where the water temperatures 
ranged from 35° to 40°, and air temperatures from 10° to 45°; 193 readings with ae 
the water from 40° to 45° and the air from 10° to 50°; 151 readings where the bn 

"i es water temperature was between 45° and 50° and the air from 20° to 50°; and 
100 readings ranging from 50° to 55° for the water and 35° to 70° for the air. 
:; It is believed that this range of air and water temperature does simulate 
“conditions prevailing o on Lake Superior. AR TA | 
must be admitted that the control of the pan was not 
| 4 ‘all that could be desired. It was extremely difficult to obtain this control, 


the summer months, as funds for mechanical 


the ever-increasing number of daily of observations will strengthen the curves = 


pet is believed that the analyses of these experiments in conjunction with =. 
the air-temperature and water-temperature curves in the paper do give a 
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Wit Discussion BY J. B. Newsom, J. G. ‘Trp, JAMES | Hays, 


The 


conjunction with the construction _ 


- this paper contains a description of the methods that were successfully used, ae 
under difficult working conditions, to obtain a foundation for the upper guard — 
Ps wall of the Chickamauga (Tenn.) Project navigation lock. The equipment — 
and its operation are described in detail, cost and information 


The x preliminary borings, made for the purpose of osaiiiam the site of 
_ Chickamauga Dan, near Chattanooga, Tenn., indicated that unusual founda- 
tion difficulties would probably be encountered § in part of the area covered by Ks 
i the structure. The subsequent excavation in the lock area revealed, however, _ 
“ that with the exception of the up-stream end of the river guard wall, the lock ome 


; walls could be rested upon ledge rock without unusual difficulty. © Under the 

“Upper end of this wall, the rock was covered by a heavy layer of over-burden 
er. 8 through which it was both unsafe and uneconomical to attempt to excavate, 
Re and it was decided to support the piers carrying the wall upon reinforced con aa 


ie columns uns extending through the over-burden and weathered limestone to 


Poa The guard wall (see Fig. 1) consists essentially of a ‘a number of cantilever 
aitheas that are supported by piers. . Each pier supports a section 42 ft long, 


a 20 ft deep, and 8 ft thick that half the distance to the adjacent piers. 
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——— j- and for supplementing and verifying the 
— _ borings, is becoming increasingly common in 
of heavy hydraulic structures. However, 
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pleat is battered so that the top width of the pier equals the ' thickness of the a 
-eantilever wall. This description does not apply to the nose pier, which is — 
rounded on the the up-stream side i in a conventional manner. ogtal moi) 
Fig. 2 ‘shows the general plan of the lock, and this structure, w with the 
ein of Piers 27 through 32, was founded directly upon the Chickamanes — 
geologic formation n of the re- 
gion, The information that had — 
beenobtained from the early borings 
caused considerable suspicion with 
regard to the area to be covered by 
the: guard» wall, and additional 
borings: were made when the lock 
offer-dam was unwatered. Holes | 


and it was learned that the appre- 
hension that had been felt was fully 
justified. over-burden in the | 
= of the piers was found to be 


4 
og 


more than 60 ft thick in places and 
composed of soft clay contain- 
over-burden, but it was not entirely 
ious, and the 2 saturated con- 


= 


threatened the safety of any open head 

"excavation that might have been 

attempted. 

surface of the underlying 

ledge rock was of the extremely 

contour that is typical of Fie. Guano Wit ol 

acterized by frequent pinnacles, pot-holes, and deep, clay- filled crevices. The | 

e ledge rock itself was’ characterized by the existence of extremely sharp folds 

e and numerous faults, and contained well-defined layers of shale and bentonite. 


4 ‘ates foundation of a a conventional ‘ype under the conditions that i 


& 
__were drilled at the four corners of 
k Vee & 
| 
| 
wei frequently found in contact with the shale. Numerous seams 
weathered joints and fissures existed to afford passage for the ground-water. 


CORE DRILLS AT CHICKAMAUGA DAM — 
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re. weathered limestone to bear upon sound rock, were chosen as the most eco- 
= nomical and satisfactory method of supporting - the | piers. Sound rock was 

= usually found below a generally prevalent stratum of shale and bentonite that 


formed a very irregular bed below the rock was 


. 


— 


arty 


Each pier, with the exception of the one that formed the nose of the guide wall, Es 
was supported by six columns as shown in ‘Fig. 3. All of the columns were 


similar in design, having a a required 1 minimum diameter of 36 in., and longi- — 


tudinal bars with circular hoops. 


= 


Of various considered, large core drills were selected as 
the greatest promise for ‘satisfactorily sinking the holes for the columns, and 
a - the area was prepared in advance to facilitate the operation of the equipment. — 
_ The surface of the over-burden was so soft and uneven that working conditions 
_ were very difficult and, before the drilling was started, a rectangular sla slab of © 
reinforced concrete, of the size of the pier and 3 ft thick, was poured over the 
— location of each pier. This slab was intended to afford a firm support for the . 
- _ drills as well as better footing for the operators and to prevent the loss of small D4 
i and parts. that. might otherwise have become covered by the soft mt ud. = 
Four large drills were used during the course of the work, three of which were 
ats designed for 36-in. holes, and one of which was designed | for drilling a 
holes. order to drill the larger holes required for obtaining the mini- 
mum diameter at the bottom of the columns, it was necessary to install 40-hp — 
_ drive motors to ‘Teplace the 15-hp units with which two of the smaller drills 
were equipped. The third 36-in. drill was driven by a gasoline motor. It was_ 
found that neither type of driving power possessed any decided advantages 


weighed approximately 3 tons each when 


fourth machine was designed for drilling 72-in. holes was of 
; larger s size and heavier construction throu ghout. Instead of being mounted on 
= it was equipped with six wheels designed to roll on rails 8 ft ape and 


; the o atin tio 
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— fully equipped. They could be 
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cece spindle was in the center of the machine instead of in the customary position at i | Fy 
was entirely covered by the drill when it ws 
remove the tools and core, it was necessaryt0 
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ro roll t the drill back < upon the track until the hole was clear, when the derrick | 


= mounted upon yn the end of the unit was used for hoisting from the hole. The 


- weight of the drill rods with which this machine was equipped Was 80 great t that 
a they were difficult ‘to handlea and the progress suffered asa rent. As compared 


a in moving and setting up the large machine more than offset this advantage. %% 

Under different conditions, where the surface ce was fairly even | and where the z 

; ae) holes were placed on a line and spaced closely ‘enough to justify laying a con ’ 

tinuous track, the large drill could erected was approxima to greater advantage. 

Th The weight. of the -in. _ machine erected was tons cand, to 


Concrete Slab 
Completed 


Fria. 4.—Generat View oF 
avoid serious loss of time, a crane was always used for moving it ge new loca- 
tions 5.43 The various sizes of drills that were used may be seen in F | Figs 4. ina 
fe ‘The drills were of the shot type and consisted essentially of a vertical hollow 
spindle rotated. by the power unit through a system of gears, or | gears with © 
ere: d sprockets. — The spindle was connectéd by hollow drill ‘rods to the _ 
bit below. — As the bit r rotated, shot was transported in a small stream of wate 3 
“through the hollow spindle and rods to the cutting edge. The design of -. 
a biti is a matter of importance if the maximum cutting efficiency is to be obtained, — 


; 
and the type found to be most s satisfactory i is shown in Fig. 5. | ‘The liner is : 


edge under which shot “will not remain. Furthermore, as the holes 
_ become deeper and the weight of the tools i increases, the additional width of 


AUGA 
ey 
under similar conditions: hut the time lost in handling the heavy drill rode and | 
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DRI Us AT CHICKAM GA DAM 
ller, giving it less tendency to bind and block 
in the bareel; and the offset formed by: the top of the liner occasionally grips — a 
pieces s of loose core which are brought to the surface with the bit. The liner is. 
needed when the holes are shallow. a The plate deflects 
top of the core projecting upward veg 
It was required that the columns 
should haveaminimum diameterof 
$6 in. and, to insure that this size 
would be obtained at the bottom, it 
necessary to begin the holes 
much larger at the top. The bits 
varied in outside diameter from 49 
in. to 37 in., decreasing in 2-in. 
and the casing varied § 
from 48 in. to 36 in. inside diameter, ° 
ae decreasing in 2-in. increments. _ 
4 shown in Fig. 5, the thickness of bed 
the plate from which the bits were __ 
rolled varied according tothediam- __ 
eter. casing was rolled from 
plate and was purchased in aid 
4 sections 10 and ft long, witha 
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; ‘easing through which it was necessary it to pass. A of in. was 
found to be insufficient, as it was impractical to keep either bit or casing per- =a 
fectly round, and trouble frequently resulted the | bit could met be passed 
bollixh est ‘OPERATION OF Demis 


When a bit full of core had been cut, 0 or r conditions i in the hole made it de- 


a man could be lowered 


was considered fair: and a run of more than 4 ft was unusual. ‘After removing — 
the tools, a hole was drilled in the center of the core and a ‘pin 
s£ hoisting ring was wedged tightly in the small hole. A’ light charge of ae 
dynamite was then placed in the groove on one side of the core and the man was a ts 
% <a from the hole; a strain was taken upon a hoisting line fastened to the 
_ pin wedged in the core and the dynamite was discharged. _ The core could then Bee 


be raised to the surface with the hoist. the core did not break 
the bottom, so that all of it could be in one it was necessary 


me 
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= = a charge heavy spate to shatter the rock and make its removal i in ~teenale 4 
en, necessary. Since it was necessary to handle the drills, casing, bits, and }cores 
at frequent intervals, crawler. crane was kept in constant attendance upon 


the drills throughout most of the operation. 1 odd 
a Bist = In an effort to improve the progress and to reduce the trouble resulting from 


“removable head was: made. Tt was thought that this bit could be. rotted 
_ down in the usual manner until the barrel was filled. The head and drillrods | 
would then be removed and, while the bit supported the side walls oats ; 

 eaving, the muck or core would be removed from the inside. _ After emptying 
i the bit, it was planned to resume drilling without removing it from theholeand _ 
to follow its progress closely with casing to insure against caving from above. 
In this manner, it was hoped to prevent the caving which frequently occurred 
es when the bit was removed after a cut had been made. It would have a 
ae necessary to abandon a bit, with head removed, in the bottom of each com- 


pleted hole, as it would have been impossible to remove it through the casing 2 
_ Ss above. However, the scheme proved to be unsatisfactory for several reasons, 74 
oe. The head could be removed only with the greatest of difficulty and delay. Cm | 
‘The increased friction between the long bit and the material through ¥ which it e 
zz passing over-loaded the drill motor. If sufficient progress had been made, 
it probably would have been found that the setting of the casing caused addi- : 
ie tional difficulty. It is possible that this idea might have been modified and ij 


improved to give th the desired results, but th the pressing | schedule wan: 


_ When this work was begun, it was thought that, by following the pate 
§ the mucking and ‘drilling closely with the casing, difficulties resulting from 

caving of the walls of the holes might be avoided. However, soon after oper- xy 
a ations were begun, it became evident t that the persistent ¢ caving of the walls, 

where the saturated and unstable over-burden was penetrated, was delaying 
4 = _ Progress seriously, and the heavy flows of water that were encountered i in rll rs 


‘material composing the over-burden made it to lower 
alt _ water-table i in the a area ' by pumping fr from deep holes drilled for that pare, 


and it was. necessary to take to exclude the water in the immediate 


VANCE Grovutinc To Exctupe WATER 


mer ae aig _ Advance grouting in stages was ¢ chosen as the system | offering the greatest Be! 
= e of consolidating the over-burden and sealing the openings in the rock 
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_ satisfactorily, and 5.5-in. shot core holes were drilled and grouted in the center a 
ofe each column location before the large holes were started. These small holes 
Be were grouted at the completion of each stage of drilling so that every stage 


the. last was repeated injections of grout. under pressure. 


ia) 
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4 penetrate a considerable thickness of over-burden to reach rock, the grouting 

was accomplished i in several stages. The first would be drilled probably 

«10 ft and, if the material penetrated was soft, loose, caving, or otherwise un- 

stable, the drill tools were withdrawn, and a 1-in. pipe was inserted to the bottom 
. of the hole. _ The hole was, then grouted through the circulating arrangement a 4 


‘ 


4 
- shown in Fig. 6. By grouting through the pipe extending to the bottom, the — = y 
gout i in the hole was kept alive, or liquid, at all times, and material that caved © be 


Stuffing Box 


Wooden Plug | 


4 


‘Fie. Cmevtarme ARRANGEMENT FOR Wwe Fic. 7. — INSTALLATION oF Woopzn Piva FoR 4 
wate 
ee from the sides 3 Was prevented from permanently blocking off any part of the 
sk a 3 hole, _ The pressure in the hole was regulated by the valve in the return line, 
a ‘a and a stuffing box in the top of each header allowed the 1-in. pipe to be kept fre free 
raising and lowering it at frequent intervals while grouting. pipe was 
composed of 3-ft sections so that, when sticking was threatened, it could be 
“ if taised and a section removed with only a monentary interruption of the flow. 
In this manner, the pipe was removed ly, 3 ft at a time, until the hole re- 


fused to take more grout. An was made to to ref usal ata pressure 
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ii ORE DRILLS AT CHICKAMAUGA 
which between 2 25 and 50 Ib per: sq in. in the  over-burden and as much 
as 100 Ib per sq in. in rock. _ When surface leaks occurred, the rate 2 of pumping : 4 
was reduced; empty sacks were packed into any large openings and covered 
~s with sand bags. This usually retarded the flow sufficiently to allow the grout oe } 
to harden and plug the leak. When the first stage was grouted, ‘drilling wa: was 
resumed through the s same hole and extended to such | depth as was determined 4 
oe to be suitable for the second stage. The advance grouting was thus carried 
down in | column location until the cores from the pilot holes 
disclosed that sound rock had been reached. 
a: a. addition to the value of this preliminary work for consolidating the over- 
burden and plugging the openings i in the rock, the pilot holes afforded a 


liable means of determining in advance the probable depth to which each : ; 


‘4 For the grouting of the over-burden and rock, a “very thick mixture 


_— and water containing 3% of calcium chloride by weight of the cement | 


was used. | The calcium: chloride was added to accelerate the setting action of 
: - the cement and thus prevent the grout from traveling to distant areas where it 
was not needed. it follows that less cement was required. The mixture was 
handled by air-driven, reciprocating | pumps, and the first few. batches were 
ordinarily mixed with a water-cement ratio (by weight) of 0.66. 66, the hole 
accepted the grout freely, the ratio was reduced to 0.40 and ‘possibly later to cy 
if no resistance was offered. Steady pumping was continued until refusal 
~ occurred at the desired pressure, or until surface leaks or other pee 
made it desirable to change to an intermittent flow, or to cease e entirely. The a 
_ very thick grout was deemed superior to the more fluid mixtures because of ¢ the he 4 
. oo tendency j y of the latter to open and erode passages through the ov over- 
burden the thicker grout sets faster and probably shrinks less. 
7 
ae a _ The advance grouting, however, did not serve as an infallible means of x 
eliminating the hazard imposed by the | ground- -water, 8 as there were instances 
water later broke into the large holes through over-burden or rock despite 
alll previous efforts to exclude it. over-burden was definitely consolidated — 


and stabilized to a marked degree, and its density and resistance to percolation 
were increased. When the grouted material was removed, it was always found 
Af Sit to > contain a quantity of hardened grout in large pieces, and the clay zs 
surrounding the hole was well diffused with unhardened cement. This con- 
solidation of the material surrounding the holes prevented the seeps that 
_ Following the advance grouting, it was gener- 
& ally true that less trouble. oni water was encountered in the over-burden cin 
es in the rock. This is probably best explained by the fact th that in the rock the S 
water followed well- -defined channels » whereas i in the over-burden it simply 
: aa * a caused a generally saturated condition. . Thus, when the water followed a 
narrow vertical fissure or a channel that passed just within the boundary of the 
= a large | hole, the small hole for advance grouting might fail to intercept t the water 
bearing of opening. _ When the large drill cut into this ungrouted source, of course 
. the hole was flooded quickly. It was then necessary to regrout the hole b 
Plug which h will be described Judged 
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whole, the grouting was quite successful a and improved conditions to 
an extent that made the work possible with the methods used. gon ot 


a) Following the > compl outi 2 
placed upon the concrete working slab and the hole was a started with a 49-in. . 
To avoid confusion, bits were dasigneted by the outside diameter, 


; ‘itw. t was only y with rare good luck that sufficient core could be cut to fill the Siena 

, Re Blocking of the core, caving of the wall of the hole, or other trouble, usually — 
maa made it necessary to remove the tools before a full barrel had been cut. A 

~ sound, homogeneous rock would no doubt m make the use of a longer bit desirable 

- and would result in improved progress by reducing the frequency with which it a 


was necessary to remove the core. PS The hole was drilled through the concrete ; 


‘a wi and into the over-burden with the 49-in. bit until the v walls of the hole a 4 


appeared to be i in danger of caving. This distance was ordinarily 10 ft or less. 

ee In the boulder-strewn over- -burden, t the bit would cut a clear opening of the — 
desired size until the 5-ft length was: full, or until blocking or binding made ae 
necessary to stop. The bit was then removed and the muck was excavated by i 


space allowed cored one man » to work i in the hole : at any one time. If, after — 
removing the muck to. the depth to which the bit had cut, an examination dis- 


closed that the walls were in danger caving, the part was cased 
size of the bit was reduced for the next cut. St 


ia 


hen drilling was resumed and swirling drill water eroded and saturated the oe 
da material. As it was necessary to pump the water from the hole ae 
time — core or muck was to be removed, any seepage through the over- 
n tended to increase when the head opposing it was removed. | Two-stage, : ey. 
tindriven, centrifugal pumps were used for unwatering the holes as their 


& 


- Walls that were apparently safe against caving weld sometimes fall ws: 4 


“owing w were eroded toa size, and sudden blow-ins of sufficient to 


ie interrupt the drilling seriously were not infrequent during the early s stages of = 


: wall of the hole was well packed with dry cement or dry mortar as each piece a 


a of casing was set. The size of the space to be filled varied from ausoe 4 


33 nothing to several inches, and the type of material that was to be used for 
— was determined by the size of the opening. Quick-setting cement was 
4 _ used when the volume of leakage | indicated its desirability. It was found that ie 


he tendency of small leaks to increase to damaging proportions was eliminated ea 4 


a 


_ if this space behind the casing was properly packed. When the drilling was in 
Sound | rock, the hole was not cased and no unusual precautions were necessary. 
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Py, 


reached, or when large boulders were exenvation was stopped and 
‘it ‘was necessary to wait until a drill could be e replaced upon the hole. hemi 


increasing the unit cost, it the work to proceed simultaneously ona 
_ larger number of holes than would have been possible if only the drills had been 
used. By constantly shifting the drills to the places where they could pte Se 
to wer advantage, the progress was aided materially, a: 


a drill immediately to another apt to avoid loss of time. © The volume of © 
- flow, as judged by the pumping capacity required to handle it, varied bobs 
several hundred to several thousand gallons per minute, and prolonged ous pumping 
usually resulted in appreciably increased flow. the various methods that 
SS tried for stopping these flows so that drilling might be resumed, only one ee 

proved entirely satisfactory. First, after striking a heavy flow, a 4-in. cen- 

-_trifugal pump was placed i in the hole to learn the depth to which t the surface 


a wooden nae about 12 in. thick, ‘and tapered fr sre to top, w wun made a 


plug was connected to the a centrifugal pump to form 
Res the assembly shown in Fig.7. This assembly was suspended from a small bent 
and lowered into the hole with the pump running. A valve in the discharge a ‘ 
of the pump permitted regulation of the flow to avoid loss of prime, and this 
ni valve was gradually opened as the volume of the incoming water increased with ‘i 
tA the lowering of the level in the hole. When the plug had reached the intended is a : 
position, the V-shaped groove formed between the plug and the casing was 
_ calked tightly with oakum backed up with wooden wedges. u During the calking, 


pressure ‘acting 


o help carry the load. Hitatieod 
= the calking and were the pe in the: uctio 
1a. was closed and the pump was removed. — The pipe passing through the center 
of the plug was then extended to the 
a, the cast-iron foot valve could be broken. A few blows with a heavy rod of © 
steel inserted the: — usually shattered it so that 


valve was opened so that + 


> 


— 


—" 


hh 
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CORE DRILLS AT CHICKAMAUGA DAM 


to the pipe so that grout could be forced below the wooden plug 
back into the passages through which the water had entered. A ‘small, ‘air. 
ine as driven, centrifugal pump was always placed on top of the plug while grouting © 

3 to remove any water or grout t that from and to 


from 0.40 to 0.33, and g 3% of calcium chloride by 
of the cement, was used. Once bane’ the grout was pumped continuously _ 
and slowly until no more could be injected at a ‘pressure that exceeded ‘the = = “Sal 
static head by approximately 20 Ib per sq in. The pumping rate and | pressure = 
fe were held down in an effort to avoid wasting the grout by forcing it to distant hn ; 
areas where it was not needed. The calcium chloride, by accelerating the -_ 
i H of the cement, reduced the quantity of grout required to plug the water passages 
and permitted a resumption of drilling almost immediately upon the 
of the g grouting. It was. necessary to remove the plug by hand, and the grout 
ie the hole below it was either mucked out by hand, using paving breakers, x 


or was ¢ 


or was cored out with a drill. Better progress resulted from the use of the ee 
core drills. In every case where the methods that have been described were a 
used, the water was stopped successfully so that no f further trouble was experi- 
Breer in the hole, unless other -water-bearing passages Ww were intercepted at a 
lower elevation. Ina number of cases, the water (as evidenced by the quanti- 
_ ties of leaves and trash brought in) was entering through passages that extended 
to the river-bed outside of the coffer-dam. With the normal seasonal flow, 
‘the river water stood about 25 ft above the: } average elevation of the tops of \ 4 


‘the holes, which meant that it w was necessary to work against an appreciable oy . 
head when water was struck in the lower partofaholee = 
a It has probably become apparent that the greatest difficulties that arose ie 
het in sinking the holes were encountered in the over-burden and in —— 
-water-bearing rock. Where the rock was sound, and excess water was not 
_- eneountered, the work became more or less routine. Sound rock was cut a, 
gmoothly, with a minimum of trouble from blocking and binding, and the 
Was usually removed in a single piece without t difficulty. 
va sti When the shale and bentonite bed previously described was passed, — 
ia sands rock was apparently reached, a jackhammer hole was drilled 8 or 10 ft i ta 
into the bottom of the hole to learn whether any openings existed in this zone. 
Bias. rod of 0.5-in. tool steel, with a 90° hook on the lower end, was used to feel 
=. - for seams i in the small hole. If the rock below was sound or contained only 
mall seams, the large hole was extended no deeper and a pipe was calked =a 
s the jackhammer hole to permit the grouting of any small seams later. If the i eae “ 
u dip or folding of the rock caused the bottom of a hole to slope steeply, it was 
develed roughly with a jackhammer. the 


the completion of drilling, a hole was always filled with eonerete 


as as possible to avoid the constant threat of i 
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consisted of sixteen parallel steel bars 1 pre-fabricated 


into 32-in. cages not more than 40 ft long. These cages were placed in'the — 
_ holes with a crane and then carefully braced in a position as nearly plumb as 
"% possible. A variation not exceeding 1. 5 in. from the vertical was allowed — 
zs = necessary. It was practically impossible to keep the large holes plumb 
_ while they were being drilled, as any number of conditions may cause them 
5 to turn, and it was necessary to check at frequent intervals so that any deviation 
might be corrected before it wastoolate. |= | : 
Ae 5 aa toy hole could sometimes be plumbed by bracing the drill rods to one side, rm 
well a above the bit, so that they were thrown into a bow. This forced the bit 


“2 to lean in the desired direction and the hole could occasionally be righted, ; 


Mose certain results were obtained by paaaanirig the size of the bit sufficiently _ 


be the best | if the reduction left camaie margin to insure that ‘it would be 
“possible to complete. the hole at the required size. bag 
i _ After the reinforcing steel was plumbed and fastened rigidly in position — be; 
by short steel bars welded to the cage and bearing against the casing, it served i 


as a useful ladder extending the full depth of the hole. This ladder was used 
: to advantage by the workmen while calking the numerous small leaks that — 


4 os usually spouted through the casing joints and for ‘running | grout pipes to any x 
= a2 openings known to exist behind the casing. These pipes were either conmetee 


4 


into any space left where the sections of casing lapped. Despite 
ra efforts made to fill the space behind each pentian of ‘casing, the 1 material was Bs 
occasionally w 


aa As. .s wide intervals of time usually elapsed between the pouring of the first 48 
= and the last of the columns supporting any one pier, it was feared thatthe 

varying degrees of shrinkage, which would have resulted when, the columns — 

#) were loaded, would result in an unequal distribution of stresses in the pier 

i os and cooling pipes were installed to dissipate the heat generated by the settin 
a concrete. The cooling system consisted simply of two vertical pipes connected 
at the bottom to form a U, through which cool water was forced after the — 
i = concrete had attained its final set. Resistance thermometers embedded in __ 


ia the columns indicated that a decided drop in temperature resulted when 


_ To fill the holes, concrete was dumped from 3- yd buckets at the surface rae i 
into a small, steel hopper, with a short guide chute, mounted directly over 
-~ hole. Vibrators were used to obtain a proper density of the concrete 
Pk, and to insure that the steel would be well covered for the full length of the 
_ Although the columns were 493 in. in diameter at the top where they passed 
ry i through the slab, the diameter of the upper 18 i in. was reduced to 36 in. with | ie 
_@ pipe form. Before the first lift of the pier was poured, a cushion of bags “ 


placed upon the offset formed at the reduction. This was to avoid 


— 
— & 
a 
| 
ia 
g ¢ 
— 
if 
— 
4 
— 
— 
— 
EYE 
— 
— ae 
— 
A. 
7 
— 


A ay the as it. was possible to plumb the steel 
: - reinforcement so that it wi as concentric with the upper part of the hole. It PSG a 

was not intended that the slab that served as a working platform for the drills eek - 
should carry any of the load imposed by the s structure. 


mite 


«Sill ‘methods that have been described are ‘end which, in general, were ._ 
ai used for sinking the columns that support the piers carrying the guard wall. 
In the case of the nose pier (Pier 27, Fig. 3) it Was necessary to vary the pro 
cedure that was followed in pouring the working slab for the drills. The exca- ia g 
2% vation of the over-burden at this pier was begun before it was known that it 4 
would be necessary to support all of the piers upon columns, and it was soon 
earned that great irregularity of the rock surface characterized the area. The af 
: "surface of the rock was found only a few feet below the surface over part of the = 
area of the pier; : later it was found to lie as much as 50 ft below the surface — 
only a short distance away. Removal of the first few feet of over-burden 
‘released a number of heavy flows of water in the area of the pier, and it was 
ue impossible to determine whether it ‘issued from Passages in the rock or was = 
traveling i in a bed of gravel overlying the rock. Although steel sheet-piling a 
was as driven around the pier, the flow continued undiminished, and the great 7 
ae irregularity of the depths at which the piling stopped indicated that the water “ 
was probably i issuing from crevices and joints ‘through the ledge rock. 
total flow into the sheet-pile enclosure was approximately 12000 gal mer min, 
and it was obviously not feasible | to attempt to rest the pier directly upon rock. a = oe 
a In order to obtain a concrete slab upon which the drills couhd be operated, %; 5 
% the area of the nose pier was cleaned up with clam shell and hand labor, and | 
boxes were built around the suctions of three pumps that were | left in the en ; 
os closure to handle the water. One other pump removed water from a sump — 2 
excavated just outside of the enclosure. 
& wooden-box culvert was carried across. the bottom. to one of the pu pumps. 4 
e Cobbles were then dumped into the water, covering the bottom of the enclosure _ 
and surrounding the boxed-in pump suctions until they rose above the water to 
form a level surface. The interstices between the cobbles formed passages 
through which the water traveled to the various pump suctions. 
a - grout pipes were installed, leading into the culvert before it was cov ered, and J 
a at random in the cobbles as they were placed. — _ The surface of the cobbles was 
a. covered with small stone and the first lift of concrete ‘was poured, using the 
steel pile enclosure for a form. In order to improve working ng conditions by 
S bringing the level of the concrete up to that of the surrounding area, ae 
«Tift was poured later, through 1 which holes: ‘were formed for the columns. ny gil 
ie Before the drilling for the supporting columns was begun, the pumps were | 
a removed and grout was s forced into the cobble bed through the pipes that oo: 
been provided for that purpose, the wooden culvert being filled at thesame time. 
- Subsequent inspection, made when the large holes were drilled, revealed that — i 
the cobbles had been wail stabilized by the grout. . Each porwating location i in 
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_ the nose pier was grouted in advance in the same manner as has peen deseribed 


a 


selecting the methods that for obtaining foundation for 
the wal wall, full cognizance was taken of the fact that much was unknown con- 
cerning the practicability of drilling large holes in the type of material that 
be oa was to be encountered and some doubts were felt as to the economy of the choice, 
cost and progress records which have been compiled since the work 
a oo completed indicate that, of the methods considered feasible, n none would is 
have proved as economical or as expeditious as the one selected. 
aa - Using these methods, 39 holes of an average depth of 55.1 ft and a maximum 
of 82 ft were. ‘completed. A total of 2147.2 ft was drilled of which 
a 1 039.9 ft was in over-burden and 1 107.3 ft was in rock, During a typical 
a operating period of one month, when the obstacles and difficulties encountered a 
about average, the progress amounted to 10 ft per drill per 24-hr day, or 
0. 417 ft per hr . At this rate of drilling, the direct labor charge for a crew con- 


of driller with two mechanic with | two covering 


and over 
cost of between $18 and $20 per lin ft is caeaneteaer correct, Under different! 
where the > drilling could be « done from the surface of the rock, 
¥ where the hazard of excessive flows of water did not exist to make « casing neces- _ 
sary, it should be possible to reduce the unit cost appreciably. 2 bi 
a Observations made since the piers were e fully loaded have not disclosed 7 
7 = evidence of settlement of the foundations or of deflection of the guard wall that 


Sig 


Chega The operations described herein were ‘conducted 24 hr per day in four 6-br — 

ade shifts and, despite the numerous delays that were suffered when wo 
into the holes: and ‘thade a cessation of necessary, the work 


Chickamauga Project Navigation lock was built w 

Valley Authority with its own forces: T. B. Parker, M. Am. Soe. C. E., Chief 
Engineer of the Tennessee Valley Authority, Lee G. Warren, M. . Am. Soc.C.E, 
Project Engineer, with James B. Hays, M. Am. Soc. C. E., Construction : 
_ Engineer, and Mr. F.C. Schlemmer, Construction Superintendent. | Mr. H.R. 

_ Johnston was in charge of the work described at its inception and was as succeeded 

_ by the writer. Jack C. Evans, Jun. Am. Soc. C. E., Mr. G. A. Carlson, and 


a a Mr. H. E. Murray each supervised the operations on 8-hr shifts. ott sola 


— 
Nd 
— 
— 
3 
— | 
@ 
— 
— 
ig 
=. .20, drillers $1, mechanics $1.10, and helpers cents and OU cents. 
— 
— 
— 
— 
— 
— 
— 
ia 
| 
| 
— 
— 
any 
— 
be: 
— 
— 
— 
— 
— 


RILLS aT CHICKAMAUGA DAM 
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we > oun 


delle which will bore holes large ‘idegh for a man to enter can be used in wy _ 
ground, from the loose water-bearing ground containing some boulders de- ree 
 geribed in the | paper, to the hardest rocks known to the 1 mining g industry. In 

the work described, it was necessary to use casing. Diameter was lost ae 
ey time it was placed, so that a hole which started 4 ft in diameter might be 3 ft a 


in diameter at the bottom. In boring a hole 1 125 ft deep in California in 
1935, , the hole went through heavy ground and gouge which had to be sup- 


expanding steel form, behind which quick setting concrete was packed. These 
drills are capable of higher have a much wider field of 


sinking shafts in n the over- broken, and solid se edi- 
mentary. rocks at “Chickamauga Dam are outlined clearly in this paper. a 


, sn methods chosen by the engineers, and the costs achieved, deserve com- =. * 


Q) The standard “air” method; and at: : 


The rotation “water method, more or less successfully used in 


deep foundations in several difficult locations in and around New York, N. Ye 


it appears clear method (1) chosen on account of a desire’ 
the ground, ‘equipment availability, and operating personnel. If the 
' costs given are the ro totals, there is little doubt that the choice was wise. be 

Under standard ‘ “a ” conditions, costs would have approached twice those _ 
‘achieved. The water method, if available, would have cost about 


However, the third method deserves mention. ‘Shafts averaging 55 


with & maximum ira of 82 ft have been driven successfully in Manhattan, | = 


water enters the caisson under controlled pressure and the lighter and smaller d 
- materials pass under the bottom of the cutting edge of the steel shell and — 
na at the surface senile s about the caisson . Those elements too large 


3 “Shaft Sinking with a Shot Drill, Idaho Maryland Mine, Grass Valley, Calif., "by J. B. Newsom and 7 
F Jackson, U. S. Bureau of Mines Information Circular 6923. 


Tripp Constr. New York, N. Y. 
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i. -_, to pass are left in n the es caisson and removed from time to time, | as required, = 
oe __ A properly designed cutting edge cuts into the solid rock for any desired sp = 
| = distance, say, to 4 ft, when rotation is stopped; the materials surrounding the — se : a 


caisson are then allowed to settle end, consolidate, and the caisson becomes ae 


except in the bottom rock should conditions require. “Standard 


‘_—— accomplish such grouting and a safe steel-cased shaft is Teady for os 


steel reinforcement and concrete, ot enw. ji. badhosab: 
in, conclusion, if "relatively solid rock had existed from the grass roots 

down, no shafts would have been needed. - _ In the case at Chickamauga Dam 
‘lle engineers were faced with the common eliseiete of all limestone dam sites; 


that is, corrosion , eroded contacts tilted, folded, and 
be obtained from core In such cases, the large 
drill is indispensable, because an inspection well that the geologist or founda- a 
ton designer can actually go down into gives all necessary predesign i informa BE 
tion n with certainty. Finally, it would appear that the difficulty. of ascertaining — 
= foundation conditions under the guide wall at Chickamauga lock led inexorably. ¥ 4 


James B. Hays,5 M. AM. Soc. C. E. (by letter). —One of the m most ‘difficult 

operations necessary to secure a ‘satisfactory foundation at the Chickamauga 
‘Dam i is described in this paper. The author demonstrates the fact that CX. 
ploration i in limestone rock must be thorough. Al th- * 


uit 


ae The original borings were not spaced closely, and in the ee covered by the ad 
work described by the author there was only one hole directly under the wall, 4 Ps 


i with two or three close by. lt was realized that the foundation was not pare i 4 
ticularly good; but it was not until work had been started and excavation for sg 
a the lock walls was well under way that the real situation developed. | Pree es 
i liminary borings were put down at the corner of each ‘pier, and the detailed 4 ~ 
information, with other experience on the project, indicated that open excava- Po. 


to rock would be practically impossible. The coffer-dam was too close to 


“A allow w open ¢ cuts without timbering. rs Timbered shafts would have exposed en 
much surface to the mud and clay seams which, in time, would | have required — 


cm excessive racing and involved considerable leakage, | As a resu ult the design a 


was revised, a: as shown, ‘to ‘support the piers o on ‘reinforced concrete columns on - 


reek, since ‘most of the equipment 1 necessary | was already available. leg 
Mr. . Lewis was placed in charge of this particular feature which was one 
battle from start to finish against water rand mud, and the danger of 


es were in excellent 
shape so that the leakage caused little, if any, trouble in concreting, 
— the cooling of concrete e placed in the columns was successful. ua : 


‘The writer recalls that one column was shortened more than abi in. as the i 
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FLOYD ON cons "DRILLS CHICKAMAUGA DAM 


culating cold water. ‘This work was done during the late winter months; ‘ion en 
the river water was used for cooling. ma svad 


One lesson that was demonstrated on this project was the fact that eS ea 
tion holes in limestone formation should be spaced closely and drilled 


rately; and they should be carefully “logged” by a competent geologist. A 
2. second lesson was that grouting of coffer-dams in such a formation was neces-_ 
a sary. The) work described by the author was in the first of three stages of river 


coffer-dams. _ Coffer- dam grouting was started too late in the first stage to be a 

- complete success, although it did benefit to some extent. The second and third 
a - stages were grouted thoroughly and, as a result, were remarkably dry. During 

the construction period, the geologist, Portland P. Fox, Jun. Am. Soc. C. E, 


of great assistance in defining the detailed rock structure. Fig. 3 is one of 

ot large core drills 1 were useful for checking the results of grouting a 34 vs 


precedent, is presented in| this paper. frankness with which the 


; 
(fe difficult piece of work, planned and executed with very limited guidance — a a 


q 


he limitations of the equipment and the failure of f certain attempted methods are ae ai 


. . The writer wishes to call particular attention to the added value of these Be 
lange holes to the engineer, in that they make it it possible to see the rock i in place. ts 
ae The bedding planes, thickness of cored g strata, and any bentonite or clay seams a 
or open cavities are all there to be examined a and probed. It was quite helpful, — 
be in the work described by the e author, to be able to see the rock on which the by, 
Columns were to rest and also to judge better the lateral support the columns - 
- would have because of the developed thickness and | probable extent of the large : 2a 
blocks of limestone penetrated on the way down. = = 
tas The 36-i “in. holes: ‘were helpful i in determining the extent and nature of some 
% alls seams under | parts of the main walls of the lock at this same job: ne 
‘A Furthermore, in the cut-off under the earth wings of this dam, where much bad Sy 
ae tock had to be removed and a few deep caverns had to be Geatied ¢ out and filled 
= with concrete, the 36-in. holes were used for working shafts during the ein 
_ operations and later for refilling with concrete. Both the cost and the time 
for sinking shafts in this manner were very favorable. 


ts * __ Another r place illustrating the superior value of the larger holes was at one we 


gravel. A 36-in. hole sunk to include this hole showed that the small drill had 


gone down about a foot away from the almost vertical face of a solution channel i 
. in the r rock and, since several of the more resistant strata were protruding a 


this face, they had been cored or broken off and classed as boulders in the record — 


: Chickamauga Dam which indicated a rather deep nest of boulders, clay, and 
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cussions ns have 1 sevesied an appreciation ot the difficulties often encountered | 
= obtaining satisfactory foundations in limestone. Extensive weathering, soluu Om 


tion, erosion, and geologic disturbance frequently have combined to produce a 


. > condition which is not disclosed by generally accepted methods of exploration, “ a 


‘The erratic results obtained from small borings may prove very m misleading an and 
difficult to interpret, and even large leave much essential informa 


tion to be revealed by the excavation. asw ynituoty 
~ bak As emphasized by Mr. Hays, the services of a geologist skilled in interpreting 7 | 


the information obtained from borings were used to excellent- -advantage. The 


pu 


: _ aid rendered by Mr. Fox proved invaluable. M _ Mr. Floyd indicates the value . 

of large core holes as shafts for various purposes, and their usefulness also has 
been in ‘mining operations where it was necessary to attain in great 

There is no gainsaying Mr. Newsom’ s statement to the effect that large 
drills are capable of higher development. This is true of shot drills of all sizes, 
Ss a... as they have not enjoyed the mechanical refinements that have been appliedto | 

qj a 7 the best diamond dr drills. A reduction in weight would afford greater es ease of a + 

handling over the rough terrain that must frequently be traversed, anda closed 
construction would prevent the damage that follows when shot getinto [| 

the moving parts, An automatic shot feed, powered by a standard water | 


* 7: meter, was developed at Norris Dam. The immediate effect was a reduction a 1 
a. shot consumption to to ) 25% of the former quantity, a smooth core and hole of - : 
2 uniform size, and less wear on the drilling tools. There is still opportunity for 


Different methods « of obtaining af foundation might have been chosen, 
Te suggested by Mr. Tripp. The writer doubts, however, that the caisson a used 1 
in the rotation water method could have been used cut the 


limestone e encountered fo for the distances required. 
= wl Ini describing the use of large core drills for daking shafts under extremely ee 


i adverse conditions, the writer’s chief desire was to reveal the adaptability of i 
las, the equipment when the drilling was supplemented by grouting. It is ob ‘4 


vious that the methods described would have been impractical without sealing 
_ the rock and overburden against excessive leakage. = «== 4 
Asst. Constr. Supt., Watts Bar TVA, City, Tenn. wial 
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S _ There resulted a wide difference in character and design of protective struc- 
Some have proved effective, others have been useless, and still others 
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EROSION 


ITH Discussion BY 


- study, the reasons for desiring each particular item, and some general observa- 
a tions on design of protective works are offered, in some detail, in this — 
‘The presentation is made for two reasons: (1) That engineers interested 
beach protection may have the advantage of experience gained by | the Beach _ 


4 icy Board, United States War Department (under the Chief of Engineers, Z cd 


§. Army), as to factors involved in a study of beach erosion; and (2) that : "3 B. 


_ the items of information now believed best suited to the purpose by the Board 4! 
the of full and free discussion by by all int interested a 
Brac PROTECTION Srupies 


ne Thes science of beach protection is comparatively new in the United States. 
The rapid growth of seashore resorts and the immense investment therein since 
automobiles and good roads have made them easily , accessible have resulted 
in a demand for improvement and stabilization of old beaches, and develop- — 
ment of new ones. In the > past, as each seaside res resort developed, local judg- Fe 
ment determined the proper method of improving ng and stabilizing its beach. a 


rs @ Each locality presents a different ; problem. In all cases there is need for ma 
detailed and accurate information on local conditions. It is inadvisable to 


a "prescribe a given plan of protection for a beach simply because it has proved 


i effective elsewhere, | unless conditions can be shown to be similar. If engineers — 


couraged to develop a general understanding of the — 
character of information necessary for designing protective systems, and the | 
Nors.—This paper was presented at the meeting of the at 
4 on April 21, 1938, oy published in January, 1939, Proceedings. 
» Corps of Engrs., ©. 8. Army (Retired), 
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‘general elnsieton of design, a large field opens for them in undertaking beach 
rosion studies an and designing protective works for private property owners, ay : 
suggested outline for a report on beach erosion n studies i is ere: in the Appendix. ; 
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ps 


Fra. Tecan Beacu Hamremins Snore, or Boar’s Heap _ 


= 


and adopsad:a a comprehensive report. drawn up by its General Reporter for 
this subject, expressing its matured general conclusions. . _ This report contains 


the following co conclusions as to preliminary studies: 
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i 0: “Any plan for protecting coasts against the sea must be preceded bea 
. careful hem of the locality and all the factors acting in the formation of the 
coast, such as the nature and shape of the coast, and as to how much it is 
expel the action set up by waves, by currents of various kinds, by atmos- = 
herical water and by ice; the origin and nature of the materials constituting — 
* oat ps the flow of water courses which empty themselves onto the beaches __ 
j ae and the regimen of the mouths of such water courses; the situation and regimen | 3 
_ of the aquiferous sheets fresh towards sea; ithe influence 
_ of new constructions on the sea, when they project from the sea pints al ae 
‘The type e of of information required in a study is based on these nai prin- 


j ciples, an and will depend for detail on the location of the area. Conditions _ ; 


mewhat for each location. _ The coastal area of the United States may be 
divided roughly into subdivisions in each of ' which general conditions are - a 
similar: North ‘Atlantic, Central Atlantic, South Atlantic, Florida, 


Mexico, South Pacific, North Pacific, and Great Lakes. 


i considered as ending at Montauk Long Island, N but 


; or boulder-strewn headlands, and pevhes or crescent beaches of sand or pebbles. =§ 
of these two types, Fig. 1 shows a steep slope the shore, 


a8 
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BEACH STUDIES» 


beach formed against a jetty +. There are a few: exceptions to this rule, such 
eee as at Salisbury Beach, and beaches along Cape Cod, in Massachusetts. Be * 
so south shore of Long ‘Island, formed the outwash of terminal 
glacial moraine, with lagoon areas in the 1 rear, is quite to the New 
_ Jersey shore sad may be classed in the Central Atlantic area. This Central 
Atlantic type of beach (a comparetively narrow sandy barrier, broken at __ 


4 


wear 


siaorveds by inlets ¢ communicating with lagoon areas in the rear) extends as 


far south as Cape Romain, in South Carolina. Fig. 3 is an aerial photo- 
graph of Moriches Inlet, Lone Island, N. oF as it was in the process of cutting Z 
through a sand barrier. South of this point, to the Florida line, the coast is 3 | | 


intersected by innumerable tidal streams re: in a chain of islands with 
sandy beaches on the ocean’ side. and occasion ‘marsh areas behind them. 
Still farther south lie the Florida beaches which superficially resemble those 


of New Jersey, but which, from the standpoint of beach erosion studies, are 
distinetly different ‘because of a difference in and exposure to to 


are eabjecied same type of wind, weather, and wave con- 
ditions, and, therefore, are given a separate classification. = From the southern — 
tip of Florida northward there is the inaccessible and greatly intersected “rd 
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fom of Tarpon Springs the shore is so well sheltered from wave action me 
cause of its location and the presence of shallow limestone ledges that n ma 
grove swamps grow w to the water’s edge. _ This condition extends to Apalachee 4 
_ Bay, Florida. West of Apalachee Bay to the vicinity of the Mississippi River 
and from Sabine Pass, Tex., westward and southward to the Mexican ‘border i Be 
there are sandy barriers ¥ with: “good beaches, although the island barriers of the 


section east of the Mississippi Delta are so far offshore that each of the two 


ofsore that each of 
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parallel beach lines presents a set of problems o of its own. This i is ‘particularly. pe ee: 
true of the mainland and island beaches of the Mississippi Sound area. In eA 4 eT 
' this ‘vicinity the coast is k broken by the low marshy islands of the delta, ‘with 
sandy beaches on the Gulf face. Fig. 4 shows a typical Louisiana beach 
bi on the Gulf side of a barrier island. ‘The sand is very fine and both the fore- a 
shore and offshore are very flat. There are dunes behind the waterline 
the barrier is topped by hurricane tides. 
__ For the purpose of beach erosion sialien, the beaches in the South Pacific a 
Ocean may be be considered as those lying in the reach from | Point Conception, “3 
Calif., southward to the Mexican border. The coast is comparatively young 
1 eabeally, and the shores are narrow with comparatively high hills close to | 
shore and deep water close offshore. This results i in headlands between 
cent beaches (see Fig. 5). _ The distance between headlands is comparatively 
-*. great. Annual rainfall j is light. ‘During the rainy season, however, there are 
periods of heavy rain, the ‘run-off from which carries sediment to the coast. 


"es North of Point Conception, in the North Pacific, the headlands become nd es 
mor e frequent and the intervening beaches shorter. There i is comparatively 


bottom shore dur the fetch, the lope o of the bottom, currents, and ice 
‘differ from those on the open ocean. . The Lake beaches are generally com- 
; nes of a layer | of vi very fine sand over clay or mud. The offshore is flat, and oad 
— 80n me distance out from shore the bottom changes from sand to fine clay or 
E mud, In some sections, such as the southern end of Lake Michigan around ¢ 


phe Ill. , there : are extensive sand dune — bus i in most parts the Lake 
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: much more searching investigation ¢ than a study of a similar area which is | 
‘eas entirely undeveloped. In determining the data to be required, the location 
i and the economic justification for the degree of detail are first considered. 


usual Tequirements for a beach erosion n study are an investigation of 


information | is assembled a comparison with other similar areas where there g $ 


. ee protective works is possible, and a proper design for the protection of the f 


_ area under investigation can be made. With these requirements in mind, a — 


rief description i is given of information Es secured in a study, with the ne i 


‘reasons for, and the method of, securingit. 


Toure _ There are nine principal items to be investigated ‘ considering the past 


history of a | beach: (1) Geology; (2) shore-line changes; (3) offshore changes; q 


2 S (4) wind records; (5) storm effects; (6) type e of protective works installed and 
pies their effectiveness; (7) volume of sand moved under different ——— ; 
(8) tides; and (9) predominant direction of littoral drift. 
he Geology —In investigating the past history of a beach the g geology é the 

; ‘area should be reviewed primarily to determine the causes for the type of 


strustani: in n the vicinity. Even in the less extensive in investiga: 
tions, a brief study of the geological history i is of great benefit as a guide to 
- the more recent history. It may not be necessary to employ a geologist fo: for 
pes the field work, but it is desirable to consult geological maps ¢ of, and) reports ‘on, 2 
Line  Changes.- —A comparison | must be made of shore-line changes 


ae: mean high water and mean low water, for all dates are plotted 80 an. 


may be superposed on one sheet. If sufficient | surveys are ‘available, 
me covering a long period of time, a ““good picture” is afforded of the progrisive: 
ney that have occurred. i Ment many parts of the New England and New 


some » places the available surveys are irregularly or remotel 
=: in point of time. — For example, in a study at Daytona Beach, Fla., = 


= 


earliest accurate survey that could be relied u ae: for | shore-line epee was 


irveys, maps of surveys: of the United States 


] 


ag will dictate to a large degree the extent 
— LL: h area local conditions h will 
= Within eac required. Studies on a long unbroken beach will 
a study and ta the vicinity of an inlet; and a study 
— require different information uch as Atlantic City 
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w-water shore lines is made, | and the results are superposed « on a , map sae ee 4 


“old shore lines to show the changes t to date. 


a4 


7 « of the offshore area, obtained from the U. S. Coast and Geodetic Survey and 
— U. 8. are ‘reduced to common s¢ scale and curves: 


- tively large scale for or each -depth- -curve comparison s are prepared and then con- oe 
2 solidated on one sheet for the report. Inc case of an extensive study, the 24-ft, =» 
30- ft, 36- ft, 42- and 48-ft curves are sometimes added. Generally, an off- 


2 
changes are occurring. Past changes will heve a bearing on on 


changes to be expected a along the shore in the future and will thus affect the | 

- design of proposed protective works. If the changes show & progressive and 
rapid movement shoreward of the depth curves, indicating a . deepening of the eo 
-._ i offshore area, it is evident that severe wave action close to shore may be ex- 
ar Be pected, which may cause increasingly rapid erosion of the beach. Conversely, — 
a progressive she shoaling of offshore area will a probable lessening of 


a In studies of larger scope, it is desirable at times to » study general trends a 4 
) 4 on the bottom for distances of 5 to 10 miles offshore. This study & made 4 a e 
from hydrographic field sheets of the U. S. Coast and Geodetic Survey. Ranges” 
je 4 3 are selected along the area to be investigated on which soundings were made 7 

‘on several of the surveys. Composite profiles along these ranges are plotted 

ae for each survey and compared on each range. On the Atlantic Coast it has 
ren been possible, in several instances, to follow the seaward or shoreward trend 7 
a ek, of the depth curves to depths of 70 ft. _ On the California coast where — 
a Dy ite increase rapidly offshore, there were bottom changes, in 300-ft depths, of as e 
sha much as 18 ft between the 1869 and 1930 surveys. Such a large difference can i 
z 1? searcely be attributed to errors in soundings or movement of littoral drift, but ie 


may well have been caused by slipping or faulting during an earthquake. . 
af Investigation of this kind is most effective and profitable of results when done by ‘Sa 
4 Records. —The next step i in investigating past history of an area 
is a collection of wind and weather records. There are three available —— 

ou a for past weather records: The United States Weather Bureau, the Coast Ceard 


aa! Stations in the area under investigation, and airports. — ‘Generally, the nearest 
& ener station of the Weather Bureau can furnish quite accurate records 


there is some doubt as to the accuracy of the records. Wa Where the — ; 
fe. _ Weather Bureau Station is some distance from the area under investigation _ 


at is well to take the records from the nearest Coast Guard Station. These a 
a generally consist of readings every four hours on the wind direction and veloc- — ag 
ity. are approximate and must be reduced toa form 
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CH EROSION STUDIES 


"gene eral conditions i in the area, particularly the duration and intensity 


Some difficulty may be encountered i in 1 interpreting and using wind diagrams 
_ furnished by outside sources. Two types of wind-roses have been developed 


for beach erosion studies (see Fig. 6), which make it possible to ‘determine the 
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MILES PER HOUR BEAUFORT SCALE ‘Average Velocity in __ 
0to13 0, land 2 —— Miles per Hour 


Over 131028 and Duration of Wind 
in Da 


Wind Movement 
on Beaufort Seale: Shown in Cosst Guard Station Log Book Miles 


: is apparent that there is a great seasonal variation in wind direction and 


ndiaialllaas wind movement, the average velocities from each direction, and the 


2 direction of predominant storm winds. I If, from an examination of the data, Ke 


intensity, and if the detail of the study warrants, such wind-roses should be i 
_ plotted for each month in the year over the entire period covered, and a second — 


series should be made cr the average for ord month, and, finally, the Bs 


winds and their in 5° areas offshore as reported by 
_ The study of past wind and weather conditions is important when corre- — 
_ lated with the shore-line and offshore changes and reports of the effects of 
storms on the beach. By affecting the direction of wave approach, winds 
a an important part in determining the direction of predominant littoral 
sand movement. V Wind-blown sand carried ashore plays an important réle- 


in dune building and lateral sand movement along the shore. By examining | 
the history of winds and storms over & considerable number of years, it is — 


— 


“a 
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the future, particularly 


— 


duration, and intensity ote ond the time of y when storms may 
expected. The extent to which the investigation of wind and weather is 
earried will be determined by the general detail warranted for for the study. 
should not be ignored i in any study. Line | 
| Storm Effects—In addition to the study of winds, a history of the general -* ae 
effect ef intense storms in the area has been found of v value. . The information 
- may be obtained from long- time residents, from newspapers and other | records,  - - 
o. and from photographs. Particularly desirable is the extent of erosion oraccree ss 
is tion caused, the apparent effect of any protective works or other structures oo ie 
in the area, and the height to which the tides rose during storms. Since there aa 
is is danger of exaggeration, in any eye-witness of storm action, 


4 


Existing F Protective Works.— —In the history of a beach area, a complete and 
oe “4 accurate record of a any protective works which have been installed must ~~ 
: secured . This should cover the location, profile, and date of construction of ae 
each, with a history of its effect upon the beach and its s length of life. It is a 
usually possible to get the plans and specifications if the structures were built — hens 
b>: by a municipality, State agency, or the Federal Government. In all cases, it — i 
ae possible to note the present condition, the effect on the beach, and the prob- B=: as 
able life. Where long structures such as jetties have been in pines a consider- we 
able period of time, | changes i in the « offshore areas as \ well as as those at the shore ee 


iE In a detailed study, the effect of all structures projecting into the sea on a 


i, 


the shore line over a number of years should be followed. Changes i in the 
 Jocation of the shore line and the | depth curves are valuable indications. Fre- 

ae quent or yearly hydrographic surveys should be be available with sounding ranges \ a ies 73 
fairly. - close together and profiles extended back from these 1 ranges over the 

area of dune sand. _ From such surveys it is possible, by using a similar grid i 


1 


for each year, compute the volumetric sand changes i in the shore and off- 
‘shore area to the limit of the surveys. 


results with a single structure, but may not suffice for 


Tesults for a system of structures. An artificial supply of ms may be 


j Tidal Data. —It is is advisable to learn about the tides in the area under — 


investigation. The time and height of tides, , the mean ‘range, and: spring 
-— neap 1 ranges may be obtained from tide tables published by the U. 8. Coast 
and Geodetic Survey. a In addition t to these mean 1 values, it is important to 
secure information on the extremes ‘under storm conditions, since any design — 
~ __ of protective works must consider these extremes. This information can be 


from the U. Coast ane Geodetic for points: where tide gages 
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have been established. other cases it is necessary refer to the 
Guard or other local records. add ot am 
There are no tides on the Great Lakes but there are are minor varia- 
i Fass tions in level known as seiches and fairly regular seasonal variations between — 
_ winter and summer, averaging between 1 ft and 2 ft. in During the winter the 

Lake levels are low and during spring summer they are high. In addition 
« the seasonal variations there are long-time cycles of higher waters and lower oe | 
ince 

18602 1.2 ft, the cycle of higher waters averages yr rand the: maximum > 
‘4 Brreapese between higher high waters and lower low waters has been 6.30 ft. By 

It is apparent that variations of this nature must be considered in designing ee 
protective works on the. Lakes. The United States Lake Survey has kept 


 aeeurate records of seasonal variations in all the Lakes since 1860. 


2 Pra 7.—A Beacu; Lake Worrs Inter, Fua. salt 


ea Littoral Drift. —The last item to be considered under the past history of at : 
He area is the direction of predominant littoral drift. _ This information ismost 
_ important i in the design of a protective system. From the shore-line changes, oe 
ee 2 particularly near an inlet or jetty, and from changes i in offshore depths, the i 
= fa . direction of preponderant movement of the littorally drifting sand may be rs. 
determined. The direction of growth of a point, the ‘Migration of an unim- 
_ proved inlet, or the accretion on one side of a jetty, will give good ‘evidence 
_ of the direction of predominant sand movement. In Fig. 7, for example, Ron 


‘3 littoral drifting sand i is piled | against one side of a jetty entrance to the detri- a a 


— of the leeward side. Inferences from an of 
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‘BEACH EROSION STUDIES 
against either side of a short groin at any time of ye year may nay be 
erroneous since, at places, there are seasonal reversals of the direction 


i 2  fupetiont réle in directing sand movement along the shore and in seasonal ee 
reversals. If the detail of the study permits, observations as to the direction 
ee of littoral drift should be continued over a period of a year to determine these — 


movement seaward of the curves for 6-ft, 12-ft, and 18-ft depths indicating © a at 
 shoaling of the offshore area. Normally this would afford greater protection i 
to the beach. However, there might be a near-by longshore channel with it 
comparatively high current velocities which could cause a serious erosion of A 
the beach. In all studies it is important to complete all the items of investi- : 


cs gation, to correlate them, and to give due consideration to their oto 
before arriving at conclusions and prescribing a 


it. For example, the history of offshore changes may show a 


7 
ao After having decided upon the items involving historical phases of the 


study, a plan of field work should be drawn up to in lie a ae 
of the beach, the problem to be solved, : and 


“them being closely related and all of them , involving * varying degrees. of detail, 
namely: (1) Character of the beach; (2). character of the offshore area; (3) a. 
currents; (4) tidal prism of inlets; (5) tides during the field work; (6) littoral 
- movement of sand; (7) present condition of protective and other works, and 
tee apparent effectiveness; (8) wave direction, velocity, and height during q 
current and sand movement observations; (9) wind conditions during the = i 


qourse of field ‘ld observations; (10) : sand analyses; and (11). periodic aerial 7 


Character of Beach—The usual procedure for small studies, in determining 
the characteristics of the beach, is to measure profiles extending across the 
line to wading depths beyond mean low water. These profiles are spaced 

= 200 to 500 ft apart along the entire front under investigation and are | 


_ Perpendicular to the shore. _ When plotted they furnish information on the oS. 


- the location of mean high-water and mean low-water lines, and the slope of 
foreshore. These are all factors in the design « of protective works and 
should be included i in all studies. Sand samples are taken at the mid- tide 
i = - elevation on n the beach at each profile. These samples are analyzed for median Pa 


height of dunes, the general slope and shape of the area above high water, q 


diameter, specific grav ity, porosity, “and. shell content. _ Since the degree of 
Ye wetness of beach sand greatly affects its physical properties, ‘a determination 
em of its mc moisture content, and of the source of the water, whether the sea Or 
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afl 
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4 the history of the beach are all considered. This is relatively expensive, since ae ae 
gonsiderable office work is involved. Caution is given against singling out 
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‘There is a possibility of a relationship between the : slope of a a beach and the 
=: characteristics of the sand composing it. In general, it appears rs that i 
greater the median diameter the steeper will be the beach slope; and the — 
_ smaller-and more uniformly graded the sand, the flatter the slope will be. : i 
5 Py si, Although it is not of great importance to any particular study this information — 

_ may be included for statistical purposes. 
_ The analyses of the sand are of value in determining the source of supply _ 
of the beach sand. Where this is of material interest to the study, samples 
are secured from all suspected sources for comparison with the beach samples. 
Complete petrographic studies are usually made only in special cases 
__In the ease of extensive and detailed studies, topographic maps of the area’ fail 
should be made to show dune location and height, and the character of the 
country some e distance landward of the beach. i Aerial photographs ar are useful 


r Character of Offshore Area —The under-water topography can be obtained 


from a general hydrographic survey of the area or by extending the shore a 
_ profiles to depths of 18 ft to 30 ft below r mean low water. _ For smaller studies We ; 


fF -. to more than a . depth of 18 ft below mean low water. ~ ‘These profiles or 
hydrographic surveys are important in any study to show the offshore slopes, — 
and the presence 0 of offshore bars and reefs, and ‘to afford a comparison of ue 
i present conditions with those shown in previous su surveys. The existence of a an ‘z ey 
— offshore bar or reef, if close to shore, will affect the design of groins. hog sa 
ape In more detailed studies it is necessary not only to know the under-water oe 


topography, but also the character of the bottom materials, since the bottom of 


be the immediate source of material reaching the beach. Bottom samples 
3 should be dredged on the intersections of a grid system and then mechanically SS 
analyzed ‘and leached with hydrochloric acid. The results will show the 
. character of bottom material and shell content of the samples. Borings may * C01 


Tn eases involving inlets the system of ‘profiles i is usually ‘not sufficient — eS 


"because, in addition to the profiles, it is desirable to have a sufficiently detailed ae ri q On 


_ hydrographic survey of the inlet to develop the entire outer bar, the inlet 


importance in determining the direction of sand movement along the beach 
and bottom. . Inm measuring currents offshore, it has been found convenient Mes ef 
to use floats covering a complete tidal cycle, to determine any changes ‘caused a Ra 
by difference in the phase of tide. Except immediately adjacent to the shore, 
and at inlets, such currents are usually moderate or or sows 
_ At the same time that the offshore currents are being measured by ‘means — 
a of sub-surface floats, the currents on the same lines close to shore should be 
- measured. From the limit of wave up-rush to wading depths this can be done — 
- conveniently by timing the longshore movement of the water by surface floats ~ ‘Se 
by use of colored liquid. The latter i is preferable since it registers 
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the actual bottom currents—those that move the sand. Measurements 


of at tidal inlet, additional current measurements of a somewhat t different type 


lished at the ocean entrance to the inlet and another at the lagoonend. Where a 
_— ‘Staff-gages are used they should be > read € every 15 1 min during the period of 
current measurements. If the study warrants, staff-g -gages should be established _ 


al 


be operated at any reasonable depth from a boat offshore. These meters are 
pe 


In offshore current work, with the present equipment, it is 


Ne profile lines in the ocean, nor for ' correlation with the current measurements. Oar 
¥ They are means of long-time observations. Wind and weather have such a : 


oe a study of sand in suspension, or of inlets, it is important to > establish 


‘iy 


affected by wind. Potassium n permanganate or or have 
- been satisfactory for this work. The measurements of current aear the shore ea 
must continue over the entire time during which the offshore currents: sare 


For more detailed studies warranting a close determination of the bottom 


currents a specially designed current meter* has been Gyveloped which 
very satisfactory and are much to be preferred to sub-surface floats since they 


~ must be , made at a reasonable number of points along each ran range line to be 
covered, and, at each point, must cover a complete tidalcycle. 


_ Tidal Prism of Inlets.—If the study involves the fixation or improvement — 


are required. careful cross-section of the gorge is made and currents are” 
_ measured at sufficient points along its line to enable making an accurate iS 4 

computation of of the tidal prism. This requires that the Measurements at Be 
each point extend over a complete tidal cycle. A tide-gage should be estab- 


and read at critical points in the rear areas of the lagoon to determine the oe 
eieton of the tidal wave in the lagoon. Since the currents in the inlet a a? 
tidal and persist than oscillations due wave any 
k 


Ses Tidal Data —Many of the items of field work are closely related to others. 7 
ve — One of these items is the securing of of accurate tidal data. be The times of high oe 


and low waters the average ranges of mean tides and spring tides, as 


given in tide tables, cannot be used for the reduction of soundings made along i“ 


eo, effect that the actual tide rarely, if ever, follows exactly the ‘mean, as given 
in the tables. Therefore, whenever a study involves: ocean profiles, ocean 


. xa 

Littoral Drift —Direction of movement is s determined, if 
historical evidence. _ It should also be studied in the field, If the importance _ re, 


Effect of Turbulence on the Resistestion of Current Meters,” by the hago Pavia L. Yarnell and 
ig the late Floyd A. Nagler, Members, Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. 95 (1931), pp. _ 


ee Coasts,” ' by Earl I. Brown, Proceedings, / Am. Soc. C, E., February, 1928, pp. 505-553. 
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decided advantage to know the relation between calm-weather currents and ~~ By 
4 
4 
3 

| 

| 

E 


; of the study wesvaite it, a field determination of the volume of sand movement a 


in the water under calm-weather conditions at the time of the study may be be 
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; , n suspension are taken from | the bottom upward to a point ware there i is none. 
‘Fig. 8 shows a deep-water sampler in a partly open position. If currents are a 
_ being measured by ineans of sub-surface floats, the boat releasing the floats 
takes several samples: at each pojat and additional samples each time the 
Pa floats are set on the range. Samples are taken in 1-ft increments above the ; 
point until no sand is noted in the process must 
continued throughout the full tidal cycle as in n the case with ‘the current mea- 
surements. — If bottom currents are being measured with the current meters, a 
- samples are taken periodically throughout the time of meter readings at each — 
station. The samples of sand in suspension should be secured for each line 4 
upon which currents are being measured. 


om In addition to the aforementioned offshore samples, samples to 0 thow 

percentage of iatld in suspension must be secured from the limit of wave 

_ up-rush to the limit of wading depths on the same lines and covering the came a 

‘= riod as the offshore asco A hand sampler, similar i in general prineiple 


A 
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the same lines as the current measurements. Sa al 
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he is from all s samples on site sent to a 


where the of sand i in suspension is determined. From the results 


. ‘eomputations of the volume of sand in suspension moving across a given line : 
perpendicular to the beach from the limit of up-rush to the profiles. 
method necessarily neglects the | sand that is moving along the bottom by 

saltation, but there will be no such movement unless the current velocity is a. 
than the critical. As in the case of the current measurements it is 
- impracticable to secure these samples except under fairly calm conditions, and, se 
- therefore, no comparison has been made between sand movement during normal __ 


i ‘and storm conditions. — The investigation of the Beach Erosion Board of this 


sand movement thus far indicates that during calm weather ‘approximately 
of the sand movement is in depths of water lessthan6ft. = 
ise many beaches the movement of sand by the wind may be of importance. ‘ay 
2 Offshore winds have little | dry sand- -moving capacity, but winds on shore or 
y _ parallel with it may move it in large volumes. Observation has shown that 
‘% dry sand is not moved by wind having & a velocity less than 11 to 12 miles per 
hr, but above that rate movement increases rapidly with wind velocity. The 
“| of wind-blown sand movement, when desired, may be measured in ¥ 


Observation of Protective W orks.—In | order to determine the of 
“protective works a close examination should be made to compare their present 


condition with the plans and specifications. It is well to check whether they 
a 


were built in accordance with the or modified. Careful notes 


ne distance on either side of the protective works are of vilue in = oemoutag 
conel clusions and in planning 1 new protective works. Especial care should be 


a taken to observe the effects of existing protective works which project from 


A Data. Whenever bulbs ations on currents in the slut or sand in 


suspension are made, careful readings of wave data should be made and 


recorded. The following data should be observed and recorded both for the 
shore and offshore Wave height, period, length, velocity, and direction 4 


of approach, Accurate determination of these five factors i is difficult, 
-—dlose approximation may be made by observing and averaging ten waves at . 
intervals of 15 to 30 min. — Offshore the wave height may be measured by RAG ad 


i. _ observing the rise and fall on a lead line held with the lead just resting on fe 
ss bottom. — The period may be clocked, of course, and the velocity timed from — 


to ‘Stern of an anchored boat. 


ratively expensive and is not in a ‘a small 
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— 
7 

4 
i — 
a 
4 
— 
q 
gr 
— 
3 — 
| 
— 
— 
and velocity, and the direction of approach read by compass. 
| _ the shore the measurements are easily obtained if there is a pier close a 
Hino pier is available, pil 
toshore. This is compa 


fod, which are mort 
“ a important factors, can n always be read from mn shore 1 without the pier or piles, oe 


Se are a most active agency in moving g sand along” the beach. The — 


wind and weather conditions for some ime prior to the observations. An 
cae is examination of the wind- -rose and the history of direction of predominant — 
= movement correlated with the wave data, currents, and § sand in suspen: nsion, < 


= e carefully in conjunction with the currents, the sand in suspension, and the © 


will assist in forming | an opinion of the erosive forces and in designing a system 


‘< BT Wind Data.—As accurate a record as possible should be e kept of the wind 


data obtained from the aforementioned observations should be scrutinized — ‘ 


= 


direction and intensity during the course of the field work. 11 The cost of this fe ay 


ay, item is small, and it is useful in determining the effect of wind on the direction 
and characteristics of the waves tad fal i 


Sand Analyses. —In the design of a bulkhead or groin, or for the 


«a of a channel through a spit or outside bar, it is important to know the character — 
of the sub-surface materials. In the normal beach-erosion study it is ‘only 
- necessary to know whether there is any rock or hard material that will make 


er _ the driving of piles difficult or impossible. This information may be — 


_by probing or by jetting if the piles are to extend to a considerable depth. 


‘a ze To secure a more accurate idea of the character of the material, test pits — <e 


> above the high-water line may be dug at intervals along the beach and a log — 
: “4 o determine the character of the offshore sub-surface, | wash borings ma 
ie Feu “oe mee below the bottom from the shore out to depths of 40 ft, or more 


5 A? a is Aerial Photographs.— Fig. 10, a view of Moriches Inlet, Long Island, may 


or: a be compared with Fig. 3, taken one month earlier. In Fig. 3, the rapid on-rush_ i a 


' of water from the bays in the rear shows the inlet i in process of forming. Mie af 


Such aerial photographs are excellent for a continuing study, such as when = 


a _ it is desired to follow and record progressive changes like the migration of an 

5 unimproved inlet on a sandy coast, or the effect of accretion « or erosion | near 
jetties. For any study, they have an advantage in showing the general 


g character of the shore. Unless they are already available the cast of securing a 


them is prohibitive for a small study. Through | the co-operation of the 
United States Army Air Corps, “the Coast and Geodetic ‘Survey, and the 
me Geological Survey, the Beach Erosion Board listed the areas of the coast that 
Comment.—In outlining the field work for a study, all th 


items mentioned should be evaluated with to th 


In this case as in many other engineering problems, the Ya i 
of the tavelllghtik and his judgment play an n important part since it is im- k 
vi possible to prescribe fixed rules. One general rule may be given: An enginee 


- laying: out a beach erosion study must not allow his « desire for aes results t 


_ 10 shows the effect of tide action in forming a beautiful delta inside the inlet. 
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curtail the work necessary to secure da upon to ‘base a 

_ After the data decided upon have been secured, each item should be de- 

- veloped separately and then correlated with the others to obtain a true picture ss ss 


of the forces at work and their effect. The: wind- roses should be > examined Be its 


carefully and compared with the wave data to determine the possible effect une 
of the winds upon the height and direction of approach of the waves. — Study ae 
“the current measurements, the sand in suspension, and the tides, to note the 
; respeetive effects on heights and time. The long-time wind-rose should be 
i studied in connection with the history of beach and offshore changes and the 
effect of storm action. From pas ges as effected by past weather , a 
and past storms an idea may be formed as to tha changes" 


OBSERVATIONS on ESIGN OF PROTECTIVE Works 


d briefly. Assume the 


Ag 
— 
4 
Simple bulkhead and groin system may be summarize 4 


ES 
may call for both bulkhead and groins. First, the placing 
of a bulkhead. The factors governing this problem are the location and th 
character of the developed area in the rear, the presence or absence of dunes, to 
he the general slope of the beach, the width of recreation beach desired in front th 
the bulkhead, the character of wave action, and the character of ‘the sub- 


surface material. This information can be obtained from the topographic 
map or the profiles, the wave observations, history of storms, and the probings 
ce wh i The line of the bulkhead should be kept as straight as possible. “| ( 
“4 slight changes in direction of the beach require a change in direction of the a ; 
bulkhead, thi nis should be accomplished by a gradual smooth curve, not by 
aie & 3 sharp angles. _ Sharp angles or r set- backs in a bulkhead system — cause 


a concentration of the wave forces with resulting erosion. _ eae 
Determination of the proper height for a bulkhead requires s thee 
a se ce of four factors: (1) The character and extent of the development in the area 
q \ a. _ to be protected; (2) the elevation and character of the ground in the rear; 

ae (3) the maximum heights and frequency of storm tides; and (4) the probable _ 


effect of the groin system in accumulating sand. 
Where the development is extensive, warranting the expenditure of 
siderable | sums to. afford complete protection against over-topping by” the: ag 
highest storm tides and waves, a massive sea-wall is suitable. An example | 
of this type of protection is the Galveston (Tex.) sea-wall. At other locations, 
extensive developments, due to the character of the storm tides and 
- - wave action, the volume of sand on the foreshore, and the height of land ~~ 
the rear, bulkhead would answer the purpose at a considerably lower cost. 
considerations determine whether the height and strength of the 
ing = protective work shall be such as to afford ‘complete protection or whether a é 
protection should be afforded against ordinary. storm tides only. The lesser 
protection against ordinary storm tides and “waves may | result in some de- 
struction during exceptional storms but will prevent complete disaster. 
, Assume that the development warranted protection only against ordinary 
storm tides, and that the land in the rear was comparatively low. . In de- ag 


 . i termining the proper bulkhead height the probable effect of the groin system % 


3 accumulating sand to act as a buffer to storm waves should be considered. — ee 2 


os a large quantity of sand is moving along the shore, to be trapped by ' the ei 
 groins, this accumulation will act as a buffer to trip the storm waves and ‘s 
ng prevent their breaking over the bulkhead. The average frequency, duration, apt. 


and direction of storms should be studied to o determine whether one ‘storm ne E 


ae 


consideration hurricane tides. the sand 


— 


might be expected to remove all the sand accumulated during normal condi- 

tions, and whether recurrence of storm conditions might be expected before 
iy normal conditions have restored a sand supply between the groins. Where 
— x conditions are bad, the sand supply cannot be counted upon to act as a buffer a By * 
to the storm waves, and the top of the bulkhead should be placed at an elevation 
__ to the a average height of the highest yearly storm tides plus wave heights, Pr 
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‘BEACH EROSION 
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are details of design of the bulkhead will depend upon the character wa ee: 
the sub-surface material and on the probability of the bulkhead being subjected _ Ei 4 
to the direct force of the breaking wave. The length of piles should be such a 
that they will have about two-thirds penetration when the beach is cut down — 
i the point where the low water is at the foot of the wall. Piles should be i 
tied back so as to insure against failure by pressure on the land side when a 
i ani to low water on wee ocean side and should be braced to resist wave © a 


- protect the back-fill. 1 ‘The leaching of the back-fill through a bulkhead is eae 4 
-gcommon cause of failure. Consideration should be given to prov iding release 
for the water topping the bulkhead during storms so that property in the rear ro 
aul Where groins may be expected to trap s sand to form a beach, the bulkhead 
La ‘is simply a last line of defense and an insurance against serious property loss a 
_, dur during exceptional storms. Where the land in the rear is fairly high and well — er 
i consolidated, the average storm action is not severe, and there is a sufficient a 
volume of littoral drift to insure filling the groins, the bulkhead may be omitted. __ 
The groins should then be well keyed back into the high land in the rear. ae 
z In omitting the bulkhead, it must be realized that since there is no insurance ah 
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the design of: ag groin profile should be as as 


on maintaining or natural conditions (see Fig. An 
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normal conditions shows, in general, a flat horizonts 
water line; then there is a sloped section extending from this upper berm to a 

point below low-water line; and, finally, a more gentle under-water slope. ae 
profile should follow these variations with modifications made necessary 
ie: the difficulty of construction in the ocean. . Fig. 11 shows an inner horizontal _ —_ 

section, a connecting slope, and an outer horizontal section. ifj ie 

The i inner horizontal section must be securely fastened to the bulkhead — a a 
or must be well keyed into the high land in the rear. The top of this inner 3 
section is at the average elevation of the natural berm over the entire area at 


be protected. The length of this horizontal inner section is determined by: the 
_ requirement of providing an adequate recreation area for the number of people 
_ expected to use the beach. Here, economics influences the “picture. Pn ‘Tf the ¥ 
_ demand is for a wider upper beach or berm than may be expected from natural e. 
es the groins may be filled artificially by sand pumped from areas 
in the rear or from the sea ‘offshore ere acne is ee from a 


average natural slope of the beach in order to encourage as flat a beach as 
possible. ‘ Since this section joins the inner and outer horizontal sections its 2 if 
length will be fixed by its slope and the difference in elevation between the two 
i _ The top of the outer section is usually fixed at the elevation of mean sea 
; level. _ This is a compromise with the ocean forces and the difficulties of | 
- construction. As far as the ocean forces are concerned it would be well to 


keep the top of the outer section of the groin below mean low water in order 


to check the wave currents, but not to oppose directly the force of the wave 


above the still- water level where its maximum force is exerted. The practical 
difficulty of construction below the low-water line in the ocean ‘makes this 
Several experimental groins at Palm Beach, Fla., constructed 
in 1936, have alternate piles driven to mean low water with the ‘9. the 
_ The length of the outer horizontal section of the. groin will depend o on oe 
conditions. If there i is reef or fairly permanent offshore bar within 
a reasonable distance of shore, the groin should extend across the ge ‘ 
ae ‘channel inside the reef or bar and end on the crest of the reef or on the outer — . 
= a oN face of the bar in depths of about 6 ft. If the offshore slope is fairly ‘uniform — 
ou “4 the groin is usually | extended to depths of 6 ft below mean low water. if the 
= supply moving along shore is large enough to indicate a a decided accretion 
between the groins and a material movement seaward of the normal low-water — + 
4 i 7 line this depth n may be exceeded. Since about 80% of the littoral I drift 
normal weather conditions occurs shoreward of the 6- ft depth curve, and 


wil 


" OS , the 6-ft contour has been selected as the proper location for t the 7! 0 
Be The detail of design of the groin will depend on the exposure to wave 


sheet-piles well bound together by wales and by long g piles to resist 
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‘Ges wave action against them. The sheet-piles should have  spedaiity: 
io penetration under the most severe erosion expected to occur. 

some locations it was unnecessary to use lon gZ supporting piles but their omission - 

js not recommended unless good penetration in hard material affords a natural ie: 
"anchorage below which erosion cannot go. 


Fay In determining the spacing between groins there i isa general rule, obtained — a. 
from many observations of groin system: : The ratio between the length of ee 
_ groin and the distance to the next groin should be between 1 to 1 and 1 to Bee 
: _ Spacing closer than 1 to 1 does not t injure the beach, but i ‘is never economical. — 
Spacing greater than 1 to 3 appears to be ineffective in holding a a good beach. 
Be: Within these limits the spacing is determined by the direction of approach of 
the storms causing the most severe erosion on the beach. After the length | 
: of groin has been fixed by offshore conditions, draw a line » through the end of - 
the groin parallel with the direction of the storm approach. The projection — 
a of this line on the line of the bulkhead will determine the proper space to be % 
¢ allowed between | groins. ys The spacing thus determined, of course, will not 
ay always fall within the limits previously set. If not, the nearest limit should 
z be used. > This method of determining spacing is not so haphazard as as it ;may 
seem a brief description. Ther more directly onshore the wave action 
the less will be the littoral movement of sand under the influence of the wave 
forces, and the less serious the erosion. In the case of storm action 


_ are retarded so that the wave reaches the shore at an angle of about 16 degrees. .. 
‘pe She bulkhead must be protected securely at each end against flanking by ee 
providing substantial wing-walls into solid land. 4 The « danger of increased, me £9 
continued, erosion beyond protective works must be recognized. Numerous 
_ methods have been tried both in Europe and in the United States to > prevent 
cutting back beyond the ends of protective systems. In some cases 
. progressive reduction in length of groins toward the ends has proved successful © a8 
3 whereas in o other cases it has not been effective at all . Normally, the greatest i: ee 


ay erosion occurs at the end of the system away from the direction of sand drift. 
In some of its designs of protective works, where the littoral sand movement - ‘ 

4 is small or where immediate results are desired, without waiting for slow 

4 f natural accumulation, an artificial supply of sand can be provided to the 


beach ~4 from the open sea, OF from near-by if 


the method i is worthy of consideration in most designs. 
Considerable research. study remain to be done before the problem 
2 7 beach protection can 1 be reduced to a definite science. There is further 
need for experiments in the ocean on currents, waves, and sand movement; 


model experimente in its wave tank; by investigation of 
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OUTLINE FOR ReEporRTS ON BEACH EROSION STUDIES 
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request that his paper be the of f fall and free. discussion by all 
ve With full realization of the ‘correctness of his assertion that eve ery locality se 


presents a different problem, s discussion should essentially be confined 
within the limits of an engineer’s own experiences: and | observations, i in ‘order 
that an accumulation of discussions will establish some definite fundamentals. Fe 


‘It is first necessary to know why certain problems exist, whether they are eat ay 


made or Nature made. caused by the activities of Man, the engineer 


charge of such activities should be fully cognizant probleme 


the desire to erect buildings on ocean- -front property, and the construction 24 


inlets for sanitation and navigation. “It is not within the “province « of. 
a civil engineer to protest _ these desirable and necessary activities when kept — 


within: reasonable limits, but it is his duty: to help solve the ‘problems they 


_ Colonel Brown cites the necessity for ' geological studies and establishes vital _ 
a points in his discussion of littoral drift. Once tl the direction of drift is ial 
= mined an important | barrier is hurdled. It is now accepted as true that the a 
e: general movement of sand along the Florida east coast is in a southerly direc- ia X ; 
5 - tion. This principle was established by the Florida State Geological Division. ES 
FY “Analyzing | sand at various is points along the 2 coast, and tracing the sand to 
_ its source of supply, entered into its studies. The engineer, as | hie 
points out, sees evidence: of the direction of drift at jetties. 
ms At inlet jetties on the Florida east coast there is accretion to the north — 
and erosion to the south. In certain instances sand tending to pass by an ae 
inlet i et is ca carried from the ocean through the inlet and deposited in the bay to the 
rear. This latter ‘phenomenon tends to destroy the purpose for which 
the inlet was constructed. An | attempt toward the solution of the, beach 
- problem in the vicinity of a an inlet has been attempted at the Boynton 
ia where the sand is pumped from the north side to a system of protective et 


works on the south side. Conditions to the south have been be meyer = ae a 


proved since pumping began. No doubt general practice of this” will 
_ provoke objections from property owners on the north side of the hw — 
_ certain instances it may be feasible to pump sand that has drifted from the 
Ocean into the bay back into the ocean to the south of the inlet. 
i It should be emphasized that in many instances a beach erosion . problem a 


Would not exist had inlets not Therefore, serious considera- 
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diseussion, of certain phases of the beac erosion problem 4 
2 2 not set forth in his comprehensive paper, is not inten ed as ac : = 
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~ 
ee. Br Colonel Brown states that the progressive reduction in length | of oe 


in other cases it has not heen, .slestive at all. bint In “South Florida 
ttempts have been made toward progressive reduction, but they have not been 
ecessful. it be realized that after a of protective works 


4 "Te requirement advoeted Colonel that 2 a groin be sand tight 
‘is ‘correct. _ This type has proved to the most successful in Florida. 
in which 


: 
To ‘adopt a between the length of the spacing 1 to 


= an is one limit of Colonel Brown’s suggested spacing, would be a radical % 
or. change from the ratio nov now used in southeast Florida where | an economical — 
length of groin. is approximately two- thirds of the spacing. 


— The length of a groin plays a large part in the extent to which a beach ; 
will build up. At Beach, where approximately 9 000 ft of ocean front, 


os 170 ft, in a second a ‘length of 200 ft, and i in a third a length of 250 ft oe | 
ie extensive lengths of beach have been built up in the areas having longer groins. oe 
In all these the two- thirds rule has been 


a 


of a inshore end of a groin ‘should be above normal wave 
not only because it is desirable to have an available beach at high tides, but 5 oe 
A 80 that such a beach will be formed that ordinary waves will break on it, and =| 
not ‘against the bulkhead . The be back-lash of waves breaking against : 
and meeting the ‘incoming. waves will not only retard the building up of a a j 
“tae beach, but may prevent the. making | of one. Fe Where it is desired that the beach S| 
c~. be made naturally, it would not be necessary to construct the inshore groin Bi 
a point where occasional heavy storms would deposit sand. 
Because of the expense involved in protecting beaches it is necessary, a8 
Colonel Brown states, to study the e history of existing protective works. In we. 
Florida, problems of deterioration and structural stability enter into the 
a economies « of groin design. In localities such as Palm Beach, where there a bi 


8 strong surf, steel- piling been badly eroded by s sand nd action. of - 


% Beach, where there i is comparatively light surf, there are only a few signs 0 7 a : 
a erosion. When difficulties of this kind are anticipated creosoted timber 
q a Bes so designed that it can be renewed readily, should partly encase the 
steel groins. Corrosion of steel in groins appears to be of minor importance. - 
_ The sand covering at the in: inshore end, and the continuous wetting and accumu- 


of barnacles on the outer end, are f that retard cor corrosion. 
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— 
ott waters, toredo attack creosoted timber through field cuts 
drill holes. The life of creosoted timber can be increased by requiring all a: ae 
Pia cutting and drilling to be done before treatment. Special care during con- ae 
struction has proved this method to be feasible. _ At Miami Beach, ime i 
there is a 2.5 ft mean tidal range, steel groins braced by erecoted timber 
he wales and piles have been built at such an ele 


-_ jnshore elevation of 6.5 ft and an offshore elevation of 3.5 ft above me De 
t The forming of deep water at the end of a groin, by eddies, makes special — a 
- attention necessary for structural stability. Longer sheet-piles and heavier — > 
: braces are advisable in the affected areas. The placing of granite blocks, if — i 
such blocks are available at a reasonable cost, should be effective in — 
a Colonel Brown sets forth four important factors that should be given con- — 
sideration in determining the proper height for a bulkhead. The problem of 


; determining the height of'a bulkhead has been comparatively simple at Miami 


Beach. The | top coincides approximately with the backshore terrace. T 


times except ‘during ‘severe hurricane periods. To build a bulkhead 


back hurricane seas would not. only be unjustifiable 


Mekewar along the backshore terrace at 16 ft above capa low water. — 
the bulkhead has been constructed close to the highway at approximately the 
_ devation of the e highway. In 1937, a bulkhead was constructed to the seaward — 
of the customary location, at an elevation of about 9 ft above mean low water. 
‘ee Naturally, this method of construction is cheaper than the usual type. . The 
me height i is sufficient to withstand ordinary seas. ‘There i is not | only an expansive 
i beach in . front, built up by the groins, but there is also considerable sand 
Be space between the bulkhead and the highway. During hurricane seas there . 
onl possibly be some erosion to the rear of the bulkhead. “i However, if the 4 
P.. slope of the sand between the bulkhead and the highway were constructed ata 
F ae grade not much steeper than the slope of the beach ‘seaward from the 1 hone 
tendency tow ard erosion could be diminished. By virtue of the 
is worthy of special attention and study. 
Corrosion of a steel piling bulkhead does cd. present a serious 


3 "problem as only 
be placed to replace a portion. pis. 
Colonel Brown has made an excellent contribution 


ee Wiskestion and his excellent paper deserves a place in the library of every 


Soper,’ M. Am. Soc. C. E. (by letter)—Engineers will 
indebted to the author for setting forth with such admirable clearness’ oe 
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‘resources which have been developed by the Beach Erosion Boasd for the | eh: 
investigation of beach erosion problems along the sandy coasts of the United — ~ 

States, and for the recommendations he has made for the construction all 

toe The point of view of the ¢ engineer who is called upon on to protect a sleds of ide 
property is not always one which is favorable to exhaustive investigation, on 

_ He must be satisfied with what is necessary and sufficient; for the engineer has F 

specific, and usually a limited and pressing, problem that he must solve, and 

ps ‘Te must solve it at the least expenditure of time and money. His investigations — 
— be restricted to what is absolutely required. He cannot carry on elaborate 


studies, some of which have comparatively little bearing on the particular : 


—— in hand, but tend to build up the science and art art of beach protection. oa 
as ‘a _ The writer strongly indorses what the author says ‘about the value | of ¥ 
. ae inquiries into the history of the particular locality in question, with reference Py. 
— destructive storms and the fate of structures that have been built at this — 


ae place. Of the highest importance, also, is the necessity of assembling at the 4 : 


place w yhere the protective works are to located. As early as 
a rapid | survey should be made to see what information may be available and a 
how much reliance may It will sometimes be | surprising 
w hat useful leads personal testimony may supply. Often is all the 
evidence: procurable. ‘The o opening of the Moriches Inlet. and, in ‘fact, the 
curious behavior of the entire beach at Fire Island, Long Island, N. Y., since a 
earliest times, have much light thrown upon them when such informatio 
Human testimony sometimes affords the only’ clews which the’ engineer can 
concerning storms; and, it should be emphasized that it is storms, and 
- not average weather conditions, in which he should be particularly interested. _ 
a Unfortunately, lists of storms are not kept by the U. 8S. Weather Bureau or any — 
othe branch of the Government. Nor is the severity or damage done chy : 
often made the subject of an engineering report. 
_ An investigation of the subject of destructive storms along | the Atlantic 7 
Coast—their frequency, duration, damage done, and the effectiveness | of the is 
rer taken to protect property against them, with the practical lessons to 
a be derived therefrom—w ould be a valuable contribution for the Federal 7 
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te The writer is in fave or or of inducing the U. 8. Coast Guard to salle, ‘more 


a definite ‘and accurate records of the weather, and he would have observations / 
a of high and low tide, the angle of approach of the waves, the height of the hd 


and the configuration of the beach included in the log. 
More information i is needed concerning the general movements of the coast | 
line than can always be had from ‘the maps and “surveys that are 
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extent? Is it subsiding and, if so, at what rate? To what extent does 
fg ‘formation of bays and points along the shore represent continuous tendencies, 


The author has said little about the movement of sand under the influence we 
Sa wind and in the regions above the reach of the ocean; and yet this would 
seem to be an important part of the beach erosion investigations. _ He has 
stated that sand traps and their proper use might give considerable helpful 
- information; but, will he not suggest how they should be constructed and used? — 
‘The quantity of sand moved | by the wind toward, and away from, a beach is 

is at times very great. The writer has seen, from a distance, the atmosphere oi 

iF < for a a height of more than 200 ft look as clouded by sand as | from smoke where a Er 
a ‘fire was yas raging. More often the sand is swept in drifting currents along the ot 

surface of the beach. The writer knows a situation in which the movement vse 
dry sand has considerable effect in ‘determining the proper means of ae 
protection. question of sand fixation is closely related to that of 

Ay’ The writer is in hearty accord with Colonel Brown as to the need of placing Py 
wa long a stretch of beach as - practicable under the protection of a single com- ee ; 

& _ prehensive scheme, but he does not see how an engineer who is called on to 

Ps build a structure in front of a house or along any other limited water front can ™ 
~ control this v very important matter. No matter how well his work i is done, me. 


the scope is not se ait the result will be more costly and less effective than — 


the ends. Iti is almost to get such water out, ‘dale! it in; 
_ but if the author has some simple way of accomplishing it, it is hoped he will ». 
deecribe it in his closing discussion. It seems much better to keep the water 
e from getting behind the bulkhead in the first place. be ‘It: may be prev ented from 
getting around the ends by bringing them back to high land or to another Ke 
_ bulkhead, if there is a good one at hand; but against water coming over the et “a 
_ top the best plan seems to be to back up the bulkhead to the top with sand or . q 
af other solid filling, and keep it filled. The author seems to think this is nota ; 
4 very expensive procedure, but the writer believes it is generally so. Suction b aa 
dredging i is, by no means, always available. It is not practicable on the open ,: a 
_ seashore unless there is a plentiful source of supply i in the rear, and any other 
r the hea ading “Observations as 


groin system” ora “groin” system: These will be successful ware there i is 
considerable quantity of sand carried byt the littor: al drift. Otherwise, such 
groins are unsuccessful and Colonel Brown recommends that an artificial 
rg _ Of sand be pumped between the groins, but admits that this supply may have 
|‘ _ to be renewed from time to time. This requires considerable money 


“General Eng. Designer, Chicago Park Chicago, Ill. 
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about 1 1 ft below datum. In 1929 there was an unprecedented rise in the waters. md 
of Lake Michigan to an average level of above + 2 during the summer months, — 
oa which is the approximate elevation of the top of the old sea-wall. This 8 rise, ; 

accompanied by strong w inds off the Lake, destroyed part of the drive. i 
-_ _In 1930 a series of groins each about 500 ft long and spaced 600 ft apart bs 

ie were built along this stretch of roadway and shore line, inclined at an angle — 

=, of about 70° from the north, the idea being that a considerable “quantity of kee 


hed sand would be accumulated between the groins and thus protect the preg 


i period since that t time sieaiie there i is idupileaiine no o littoral drif t at this point. 


acd Fortunately, however, there has been no high Ww ater since 1 1929 and no ) further 
has resulted on account of storms. ai Ty’ bal 
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ft of bathing beach had been completed. 
ie _ A partly submerged bulkhead (Fig. 12) was constructed the 
é ‘: ward ends of four adjoining jetties. This formed three bays, each 500 ft long 
and 600 ft wide, into which sand was pumped to an elevation of + 5 at the 
ie old sea-w all and + 8 at the > new, partly regent bulkhead. i ‘This created a a 


-wall being covered up in in the operation and no longer i 


of 


end cose 


All the w ater that pa passes: over it must return to sea in way.  Itg goes back 4 


n operation, the partly. submerged 


“oa in the form of an undertow along the bottom. When this undertow reaches 4 i: 


14.—SHore-LIne aT Sea-WaLL; New NortH AVENUE BEACH, LINCOLN PARK, 


the ge part of the sea- -wall it cannot travel any farther along the a 


ine of Lake Michigan at this point, dway from future storms a a 
 ghore line o of protecting the roa § 
witht — 
> 
— 
new bulkhead, protein fer rom tat eommendod 
= This metho d is eliminated a d. The advantages 
Brown bulkhead substituted at the lakewa — 
partly former bell rom one-third — 
eaper; the partly submerged bu 
h as a sea-wall along the shore; with the former the 
uch & : reas W 
bin aly holds the sand behind it, whe 
ivel} 
2) It effec 
ng 
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escape, it encounters the in Figs. 13 and 
then, in trying to ‘This is shown in diagram in Fi 


a nie per: weit ‘blowing from the northeast at about right an 
= taken at low water, approximately Elevation — 1. — yor oe to the left of the 
ag Be 3 partially s submerged sea-wall are partially submerged jetties 75 ft long at 
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‘intervals of ft, ‘somewhat. similar to the ones referred to by 


~ Colonel Brown, which were constructed in 1936 at Palm Beach, Fla., with the a 

“9 exception that those i in ‘Fig. 14 have alternate sets | of piles driven above high | i 
water below low water instead of at high ‘and low water. ‘They were 
° _ placed to reduce scour on the outside of the wall. This work was done in the 


b fall of 1938 and has withstood the storms of one full winter without " — 


or 


shore, their force by by In contrast the waves from the open sea 
can be seen pounding against the « old sea-wall in . the distance. The partly 
=, sea-wall has the high buttresses spaced at intervals of 27 ft 11} i in. 


= 


Exurort J. Dent, 7M. Am. Soc. C. E. (by letter). —The information that 


Borsa should be secured before undertaking the design of shore-protection works is 
described fully i in this paper. The list of items appears but the full 
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“4 other: sites i in the same general vieinity, and the s assembly of basic — data 


groins should be 1 to 1 1 to (b) spacing closer than 1 to 1 does 
not injure the beach, but is never economical; and (c) spacing greater than 1 to Se 
appears to be ineffective. . He also states ‘that, subject to the above limits, 
the correct spacing may - be found by drawing through the outer end of a groin is ; “4 : 
line parallel to the direction of wave approach, projection of this line 
upon the beach will give the proper interval. “aged. sel ig 
4d ~~ Along: a a straight section of beach the axis of wave approach rarely makes an. ‘ae 
“angle of as much as 20° with the perpendicular to the shore. If a line parallel ¥ ee 
ps - to this axis is di drawn through t the outer e end of a groin, the point of intersection _ aS 
: with the beach will be less than half a groin length to leeward of the base of the 7 
y _ The use of this rule for the spacing of groins would indicate that, 
except for economic Teasons, the structures should be more than t twice as long by / 
ast the interval between them. This is more than twice as many groins as as the — a * 
~ guthor advocates for the closest spacing, and a strict application of the rules 
seldom, if ever, permit a spacing of more than 1 to 
. Fig. 11 shows the profile ofa typical g groin of the form advocated in 1933 by — 
‘the Beach Erosion Board for normal use. Experience has since shown that a aN 
the he top of the i inner horizontal section may be lowered to at least 1 ft below tle 
‘normal berm level without affecting the height or width of the finished berm. a : 
| The sand level shown in Fig. 11 gives conditions before the beach has been OF 
built t up to the desired form; when the beach has assumed the desired section a 
Ba the groin should be buried from the bulkhead to séme e point along the sloping pi 
part, or along the outer horizontal section. After a set of groins has accom- 
< _ Plished the purpose for which it was built a considerable part of each structure 
_ will be buried except, possibly, for brief intervals of time following periods of me: 
iil severe erosion. If there is, in fact, a relation between the best length es oa 
| of groin and the best interval between structures, the question arises as to = ‘4 
pe whether the length should be measured from the outer end to the bulkhead, or = eee 
yet only to the point where the buried section begins after the beach has assumed 3 oe 
the desired form latter would seem to be the more logical choice. 
& It cannot be too strongly emphasized that groins ar are, in no no sense of the 7 
word, breakwaters serving to protect the intervening beaches from direct wave 
attack. However, they may be designed to control the wave-generated cur- 


rents i in contact with the and the distance re — by diagonal wave 


ally affected i 
posure, but only slightly so by groin 
i. Taare adequacy of the sand supply i is also an important item in the selection a 
of the proper spacing between groins. With a | liberal supply of littoral 
spacing may be much greater than when a scarcity | exists. yniveqa 
ae _ Each groin inevitably reduces the volume of sand available for the nourish- 


effort that might otherwise be required when a particular project is under 
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<= “deeper water and at a greater distance from the leeward shore than would be _ 
ie the case on an unobstructed beach. This results in a wastage of sand, and, ei e 
é - minimize this loss, the number of groins should be held to a minimum and the ‘oe 
interval between structures should be correspondingly increased. Economy 
not the only r reason . for using the minimum number. The inadequacy of the _ 
eo _ supply of beach nourishment to the leeward of well-built sets of groins i is a 
he 
a. The proper length of groin for a given location will depend, in part , upon 
such factors as the width of berm desired, the slope of the foreshore, the ten 
dency for offshore bars to form, and their location. The proper interval 
the adequacy of t 
f drift, and the distance required by nature for the formation of destructive wave- 
i generated currents . There appears to be little or no relation between the be 
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The art of shore protection has not yet progressed to a state in which pas 
7 practice can be safely accepted as correct practice, and existing works should be 
studied judiciously with a view to the development « of better practices. In pro- ee 
-moting this principle the Beach Erosion Board has made a photographie and 
written description of a multitude of existing shore protection structures. A 
careful examination of this record, including a study of the local conditions, 
the results accomplished, and the spacing, fails to show the necessity for a: : 


closely spaced as indicated by the rules presented by the author. 


an address before the American Shore and Beach Preservation Associa- 
| 


__ tion,® the writer advocated the creation of improvement districts, each of which | 

Care would be responsible for the maintenance of an entire natural subdivision of — 
>. _ the ‘shore, usually extending from inlet to inlet. . It was assumed that, in most 
a cases, an artificial supply of littoral drift or neciiatah would be called for 


4 and that it would be to the best interests | of the districts to conserve that 


‘necessary to excessive local erosion. -Groins | are expensive to build, 
_ expensive to maintain, unsightly, and cause —& wastage of sand. The best 
— spacing g will depend upon ¢ a balance in the cost of a more generous supply of 4 


8“ The Next Step in Shore Protection,” by Elliott J. Dent, Shore and Beach, bes ™s 
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RHODES ON BEACH EROSION 
nourishment, more frequent ‘points of stronger bulkheads; more groins, 
- the > general utility of the improvement finally adopted. sat 


F. Ruopes, M. A - Soe. C. E. (by letter).— stated by 
3 author, the science of beach erosion is new in the United States and com- 
_ paratively li little i information dealing directly with the subject i is familiar to the 
average engineer. This paper, therefore, will be a valuable guide to les 
_ experienced engineers in the study of the subject, particularly when a problem a 
x for ‘determining t the cause of beach erosion and ‘making plans for its a arrest or 
prevention ata particular locality i is taken up. _ ‘The ‘author covers his subject aes 
comprehensively, ‘and very Properly warns the inexperienced engineer against 7 


adopting 3 a plan for a particular locality without full consideration of all factors 


roved effective elsewhere. All plans made for the protection of a beach are, 
o a certain extent, experimental; but they, should be based on the scientific 
pplication of all pertinent available data to the problem involved. In the 
writer’ 8 experience, when a beach erosion problem arises and system of pro- 
tection works is being planned, usually the “plans recommended locally 
Eo “certain to do the work best and cheapest” are many and varied in character. aa 
aa _ The writer’s studies of problems of beach erosion and protection have been 


confined principally to the coast of iyo in what the author calls the “South 


"curve, the value is to about 7 ft at Tybee Light, Georgia. The 
"corresponding spring of tide are 2 ft at Cape Hatteras, North Carolina, 


high water occurs hr and 56 min after th the ‘moon ’s meridian passage, 
ae while at Tybee Light it is 15 min later. In general, this tends toward the 
generation, during a rising tide, of a southerly current along the shore between 
ea of the string of islands which form the coast line. These islands are separated 
ie from each other by deep sounds scoured ¢ out by the swift it tidal currents gener- 
ey ated by the large tidal ranges on this section of the coast. a ‘Some of these : 
Sounds are at the mouths of large inland river systems, while the others are 


the outer ends of large estuaries | which project far into the mainland. eer 

Ts ‘The large tidal volumes moving through these sounds necessarily affect 
the currents along the ocean beaches for a considerable distance on each side 


ye of the inlets and, consequently, the sand movement along these beaches. ‘The 


inlet currents interfere with the general movement of littoral drift toward the a Be 


ey south, building i it into bars outside of the sounds and pushing the lonebore 
drift out to sea. This robs beaches ; immediately to the so south, of a supply of — 


sand which otherwise they would normally have. These conditions are re affected 
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long swinging curve extending from the North Carolina capes to the central 
part of the east coast of Florida. This curve so affects tidal ranges that, while 
— 
— 
— 
— 

& 
id 


further by the which vary considerably i in direction and 
‘ a problems in a beach erosion study in this section are, therefore, vastly b 


more complicated than are where the beaches are continuous for | 


di 
the offshore palicany a Such a study i is important in the vicinity of large inlets, d | 
especially where these have built bars immediately to the seaward of the & ; 

~ mouth. _ The extent of such bars affects the location and intensity of the tidal ; 

- arent entering and leaving the inlet, frequently i in such a way as to crowd 

them in close to the shore line. - ‘Under. these conditions, rapid erosion of the - 

a beaches, especially i in the immediate vicinity of the inlet, may be expected due x 

to the fact that all beach material broken down by wave action is carried away ‘ 
by the accelerated currents along the shore. ; 
; As pointed out by Colonel Brown, a knowledge of the ‘geology of the beaches ee 4 
is helpful i in solving their e erosion and designing the protection. works, 
The islands of the Georgia coast were once offshore bars and probably very — 
_ much more extensive than they are now. . Before they | became cov vered with e. j 
-—welgbaton and trees, sand blew « over them and covered extensive e areas of 
marsh between them and the mainland. Since this time, the sea has recaptured 
‘es ;: ae + large part, if not all, of the areas occupied by the original islands so that, in 
ia i some localities, the present islands consist only of the sand ‘that was carried 
se _ landward over the bars during prehistoric times. As the ocean shores of these 
e islands erode, a chocolate colored * ‘rock,” consisting of a hard mixture of marsh 
mu mud and sand, is exposed on the beaches. Although ‘such m material may not 
- Sabe affect the rate of erosion of the beaches, it does affect the deals 
a In the study of the shore-line changes a and changes i in offshore depths, shih 
a an important part of a beach erosion study, a most valuable source of data ; 
is found in the U. 8. Coast and Geodetic Survey charts. These charts, however, y 
be used with caution when ‘comparing those of different “dates. ‘They 
it usually contain a note such as “Surveys to 1900.” This does not necessarily 
mean that the whole chart was corrected to show conditions as s they existed | in 
= 1900. What is meant is that the 1900 chart has been revised in certain portions rt 


to incorporate data obtained in 1900 . Other portions of the chart may show 


Mee shore lines and offshore depths based o on data of a much earlier. date. - Without. i. 
knowledge of this fact and just where on the chart the : revisions 1s were ala the Se 


student may come to the erroneous conclusion, from comparison: of charts 0 
different: dates, that shore lines and offshore depths in certain areas have 7 
‘remained stable. In such studies it is necessary, therefore, to obtain from the 
n. U.S. Coast and Geodetic Survey copies of the field sheets which show the 
s particular area in which rev isions have been made, and use them instead of the 
[a whole chart. In 1934 the South Atlantic coast line was mapped by serial “Ty 
os Be methods, and new general surveys were made of offshore depths. The latest 
a editions of these charts are based on these data and show throughout the chart. 
As stated by the author, the cost of securing aerial photographs fora ‘section 


* of — nee a small study i is prohibitive. This probably t refers to © photographs 
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a that aerial photographs | taken by an amateur with ordinary ain 
equipment are valuable in supplementing ¢ other data. . Small planes are cen 
available at reasonable hourly charges, so that flights over a scctins of beach — ee 
at relativ ely frequent intervals may be made at small expense. 

g9 made show changes produced by periods of good and bad ‘and even 

: - if the pictures are taken at an angle with the vertical which is not too large, 

they may be corrected in an ordinary machine during enlargements. — _ The 
& degree of enlargement may also be adjusted, so that their scales are convenient — 
for use in comparing them with made by ground methods. 

walls, (b) groins. 
iy form a system with a bulkhead parallel to the shore and connected groins per 
pendicular thereto, extending below the low-water | level. Generally speaking, 
= a sea-wall alone is not expected to. recapture lost beach area, but only to hold — 
' the shore line against further erosion and to enable Property in the rear to be 


the sea-wall | must be construction and its seaw ard protected 


of The degree of protection ‘indlinarity afforded by a system consisting of a 
ee and groins is measured, to a large extent, by the amount of sand 


entrapped and held between the ‘groins and in front of the bulkhead. The 
_ groins in themselves offer little protection to the shore line. . Their office is to ee 
collect and hold sand against the bulkhead, leaving the remainder of 


oT to be furnished by the bulkhead structure. ~ Although this structure 


the sand is collecting i in front, it ultimately gives protection only against v waves: . . 4 
which reach higher elevations than the accumulated sand between the groins. 
Ne In designing a system of protective works for a beach which is eroding, full a = 
consideration should be given to > the length of shore line which should be 
© covered by the protective works. If this is not done, it : may be found, after e: ng 
the works are erected, that ‘adjacent sections are beginning to erode which ba, 
at have never before showed signs of cutting back. it may | also be found i ~* 
ae s the works are being constructed, the process of erosion is accelerated in wee. 
adjacent locations where works have not been started. This is because the ry 
protective works have trapped sand which was the usual supply of beach hit a 
; : building material for the other sections of the beach and the damage has ssimply — 4 a 
been transferred from one locality to another. The susceptibility to such 
occurrences is greatest in localities where the supply of moving sand for r main- 
taining the beaches is limited. Therefore, the construction | program for ‘such 
" : _ conditions should be based on full consideration of probable changes in weather aa 
in that part of the beach where no works are yet erected construction 


Nie proceeds in the other part. Similarly, , consideration should be given to the Ps 
oy effect of groins partly or wholly completed on other parts 0 of the beach during ee “a 
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ditions : at the locality under study show good and proven 1 ‘reasons 
_ As stated in his first paragraph on the design of protective works, he has a 
assumed shore conditions along straight stretches of beach distant from the — 


influence of an inlet or change i in the direction of the shore. — _ For protection : 
— ordinary storm tides and with the land in the rear comparatively low, 


he ‘specifies that the top of ‘the bulkhead should be “placed at ‘an 


: to the average height of the highest yearly storm tides plus wave heights, ta 

eK In the vicinity 0 of the mouth of the Savannah River, this would be about 9.5 ft RS 

= ‘above mean low w water, the height of the storm tide, plus 3.5 ft for the wave = 
pe meee These two added together give § a total of 13 ft, and | if the bulkhead 
- consisted of piles with lengths three times this total, 40- ft piles should be used. » 


view of Colonel Brown’ s requirement that the bulkhead should be tied 


ed does not depend for stability on the structural of the 
piles at the ground line, the length of these piles below ground being for the z 


_ most part protection against the wall being undermined. | If the worst condi- A 
> 


Se tion as to scour in front of the bulkhead i is assumed, below which no erosion = 


= se to prevent blowing out beneath them from hydrostatic pressure at the rear, 
similar analysis for length of pile beneath the level of most severe erosion 4 
should be made for groin structures as well. Where brace piles are used, these 
4 members are ‘designed for, and intended to up, all stress due to shock of 
= wave action, and the sheet-piling below the level of most severe erosion is only — 
for the purpose of preventing a blowout beneath the groin due to hydrostatic 
* pressure. In a groin where no brace piles are used, sheeting must take up 
- wave shock also; and in determining its penetration, its length i in undisturbed 
material and the nature of the material must be considered. = = = Bagnall 
On a curving shore ‘approaching a large inlet, , the tule laid down by the 


ns and velocities of the 
= currents in and n near the inlet at various s stages s of the tide and at several dis- <¢ 
_ tances from the shore. How these currents are affected by winds from several 
directions should also be known. oT From consideration of these data, it will 
aa _ probably be found that the groin spacing should be less near the inlet than that — 
ae found correct for a straight section of the beach at a greater distance from the 
at 4 inlet. It will also be found that the pointing of the groins should be about — 
_ normal to the shore line, the last ; groin be being about at t right angles to the axis — 4 
= of the inlet and as far inside as erosion from waves may 0 occur. - After ‘er reaching — 
3 this point, it may be found necessary to extend the groin system along the 


if shore into the ‘gorge as far as erosion from inlet currents is taking place. Ged s 


ia 
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on specifications for bank against lateral currents. ies ” based 
_ As Colonel Brown states, there is still need for additional research and a 
study. Well-directed inquiry, however, will disclose considerable useful . 
: _ information of which little is known to the engineer who i is | engaged i in general © 5 


by to the Beach Erosion Board mentioned in this paper. However, 
aS the engineer who expects to have beach erosion problems presented to him for _ < 
a solution should be continually on the lookout for other information on the © 

E subject, especially as to the history of structures already built in other localities i : 


3 Where beach, weather, and current conditions are similar to his 


oh T. Lexps,” M. Am. Soc. C. E. (by letter). —The author has 


ae given : an excellent s syllabus of beach erosion study with an enlightening com- a 2 
= ~ mentary. thereon. Beach protection i is a most fascinating and a most tantaliz- > 
ing field of engineering, because of its many elusive and often indeterminable we 

ic factors, In a field of science which is so largely empirical the wise engineer 2 


will ‘search all possible. sources of information. Therefore, such a general 
- outline as the author gives of a typical study, together | with an explanation of 
_ the need of each item, is a valuable contribution. — Because this field of en- 
ke 4 gineering is 80 largely based on experience, however, , one of the ‘greatest needs — 
“is a more extended and detailed record of results under varying conditions, but — 
perhaps such record should be made the subject of another paper. iw 
_ The engineer who attempts to diagnose the symptoms of an inadequate or be ny 
- menaced beach, and to prescribe remedial measures, is in much the same posi- 
tion as a doctor prescribing for a human patient; for a beach, like a human 
is ever-changing—continually wasting and | rebuilding. The fi first Tequi- 
oo site is the past physical record (geologic as well as historic) and all available 
‘past surveys and photos should be obtained and supplemented by personal 
Se. observations, past and present. od Even | then the records are often too meager 
and intermittent to afford other than a very broken : story of the changes — 
- have taken place in the shore line and in the offshore conditions. = da ver 
ae. _ Just here a word of caution is important. _ Not only the year of the carrey, 
but also the season, should be learned, if possible, for the direction of littoral a 
: drift may vary with the time of year. Unfortunately there probably will » | 
~ no record of the weather at the time of these old surveys; yet this is important, 
for the beach ma may recede a considerable distance in a single storm, and in ; 4 
"succeeding period of fair weather it may undergo a more or less complete a 
restoration by natural accretion. Therefore, a given survey or photograph 
Rs may or may not be | representative of the average shore conditions. This is 
rn of remembrance in case of a dispute regarding title to lands 
ee bordering the ocean, for ins in some instances the land values in in ——/ may 
Where’ there has lapse of ‘om between surveys it is 
A highly important to use these with mn care. ast It is “=P no means certain that 
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The writer recalls an engineer friend who com 
\pared two surveys d: 
.. = at 1860 and 1890, and because the river mouth in 1890 was 1 000 eit 
ee a its location in 1860, he assumed a progressive westward littoral migration o a7 
30 to 35 ft per yr, ‘notw ithstanding that the present prevailing littoral driftis 
a in the opposite: direction, assumed, from recorded statements of “‘old- 
’ that southeasterly storms: were more frequent and more severe in the 
a Z fig ineteenth Century than they have been in the Twentieth Century, a and there- ie 5 
mm a ore, that the predominant littoral drift has been reversed. Such a theory ve = : 
meteorological cycles is not believed to be tenable. is more probable 
the river mouth actually | migrated eastward under the influence of prevailing 
waves from the southwest, until a heavy flood broke out new mouth 
toward the west, when it again resumed its eastward travel. Such a migratory 
cycle is well known to those familiar with inlets on sandy coasts where there 
a. Te a predominant littoral drift. The survey of 1860 probably showed the river ie 
q mouth at nearly the eastward limit of its migration during a dry period, whereas 
survey of 1890 probably showed its position just after a heavy flood, at 
= ae In discussing the need for study of past wind and weather conditions, a 4 z ( 
might well have given even greater emphasis to ‘the statement tha 
it is apparent that there is a great seasonal variation in wind 
4 - a intensity, and if the det il of he ig 
ail 0 the study warrants, such _wind-roses should 
e plotted for each month. ” ” The writer has seen (as have ‘doubtless ms many 
others) a single storm, in in a short time, undo the work of the prevailing wind 
over a long period. Such will not "receive adequate 
a attention in a wind-rose showing the aggregate of Be 
item of in ormation, of w 
q t f fi f which there is seldom adequate 
cord, is that of wave data. is true that the author states (see 
a eading ‘ Field Work: W ave Data”): “Ww henever observations on currents in = 
q 4 . } the ocean or sand i in suspension are made, careful readings of wave data should © ae a 
be made and recorded.” However, such records can be only fragmentary and 
¢g a | are See only for the times of the “observations on currents in the ocean % = 
or sand in suspension.” WwW ave action undoubtedly constitutes the major factor 
littoral sand movement; therefore, the wave direction, velocity, height, and 
— duration : are even more than the wind direction and 
occurring in when there i is no appreciable local wind, these waves 
being the result of distant storms. adi tio ot re 
states (see heading “Scope of a Beach Erosion Study: Littoral 
‘a oe = ): “* * * the direction of predominant littoral drift * * * is most im- & § 
a portant in the design of a protective system,” and “If the detail of the study 3 * 


_ permits, observations as to the direction of littoral ‘drift should be continued 
over & period of of a year to determine > these seasonal changes. ” Yet current 


— 
uremen 
surements and sand sare 
‘Samplings are admitted to be impFacticanle, exe 


.EEDS ON BEACH 


Holes and upcoast or downcoast. By placing, on the beach, some material 
of approximately the same specific gravity as the beach sand or gravel, but — 
easily distinguishable therefrom, and by observing the location « of this 


aq bats placed on ‘the beach at about mid-tide, only to find later that children ron 


picnic parties had used them to build picnic fireplaces and toy castles on the 


he beach beyond reach of the waves. _ Notwithstanding this « discouraging experi- 
? ence, it is - believed that some modified application of this procedure is é 
a ‘practicable. Pea coal lor any obtainable sand and gravel clearly distinguishable — 
One pertinent factor not mentioned by the author, which has much to do _ 
with beach maintenance in regions where detritus from the upland constitutes = 
& the major source xe of beach material, is the magnitude and frequency of flood i 
flows. It has been noticeable in California that during years of little rainfall 
* ‘complaints of beach erosion become very prevalent, whereas in years following o 
ie - heavy rainfall and floods shore communities are wont to boast of their wonderful 
Flood control measures which include long jetties at the river “mouths, 
sand into deep water, are likely thereby to result 
depositing the major part of the sand beyond the reach of ordinary wave action 
fated of near the shore line as in a state of nature. ui Similarly, upland debris — 
control measures, although most meritorious in preventing land erosion, must 
inevitably deprive the beaches of much of their natural replenishment. Asa 
consequence, engineers must look forward to an increasing ‘demand for beach 
In all these preliminary investigations, it is believed that the chief danger 
a lies in attempting, or being forced, to draw conclusions from data which are 
‘necessarily, or otherwise, inadequate. This inadequacy may be the fault 4 
es _ the engineer through his lack of experience ; or it may be beyond his control, _ ie 
to lack of available funds or non-existent historical records. user 
The effort of an individual to protect his property from marine inroads is a 
: od not unlike that of a property owner on a river to protect himself from flood g _ 
2a damage. _ Not only i is it far more expensive if done individually thanifdonein __ 
ay cooperation, but it is far less effective and sometimes almost hopeless. Just as - oe 
bs: .. flood control, to be effective, must be designed with the entire drainage basin ee 
ae mind, ‘so shore protection, to be most effective and economical, must be 


ne designed with due thought for the influence from and upon a very considerable a ‘ 
extent of shore line. Wherever feasible the coast line should be divided tit 
} _-2uch sections or stretches as can be considered independe ntly of each other. 
Wen Then for each section a protection system, such as a “groin field, ” should be 
ey planned before undertaking the construction of any individual part. fis mee os 


— 
4 I and to continue them over an extended 
4 
‘ dequate efforts have been made in this 
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“coastal planning” considering a stretch of beach of sufficient magnitude to 
be treated as an independent and complete unit. By thus envisaging a future 4 ; 


ing 


a constructed from time to time with the assurance of an ultimate co-ordinated _ v 
a whole. However, if each property owner is concerned only with the protection ve 

f iv or improvement of his own property, he will devise a plan to fit his own selfish - 4 
an 4 ends, which may (but probably will not) harmonize with a general plan which ee 
= be best for the cree good. _ The writer realizes fully that this ideal i 
4: 


Furthermore, in most States, the individual dination: owner is legally 
by the “common enemy’’ doctrine of law. He may erect structures of only 

<< such nature and extent as will protect his own property from inrgads of the Sea. 
a. he limits himself carefully by this requirement, any consequent damage to his. i 
_ ei 8 property is ‘‘damnum absque injuria,”’ or injury without legal wrong. 

_ However, if he goes beyond work purely for protection and endeavors to im- 
prove his property by widening his beach, then he renders himself legally liable _ 
any injury which may result to his neighbor’s property. 
waif! When all the property owners join in an improvement or protection distriet, 7 


(normally constructing the leeward groin first) as not to cause = 


Not only i is co-operation between beach o ow ners essential to secure the best “4 4 


and economics. Very often ‘the cost to an upland owner of providing 
‘ "protection for his property alone is out of proportion to the value ‘of the land, - 


whereas his proportional share of a complete shore protection system would be 


“ much more reasonable. Eveni int the latter case, however, it is often inequitable 


. to expect the upland owners to | pay the entire cost of this shore protection. The a i 


-—indireet value to the community of an attractive beach frontage, as well as ae 


fiable for the public to bear some proportion of the total cost. 
rf _ Much has been written of the unsightliness of groins and the saw-toothed at 


a beach line which they produce. It is the high, ‘solid groin which is chiefly bee 


eal @a direct return to the community in increased taxable value, makes it justi- | 


of ultimate high ¥ water line being kept at or below the ns natural beach level. — a 
Examples of this may be seen in Fig. 16, which shows low g groins, the inshore = 
ends of which have become buried by natural accretion, and which have pro- — 
It i is also well known : among engineers in shore protection 


system, the engineer can jay out the most suitable ultimate 


Ree! responsible for this unwarranted criticism. The remedy lies in low groins, . 
oe up gradually as the beach builds up, the portion of the groin shoreward ai 
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LEEDS ON ‘BEACH EROSION 
feet above bove the beach towel; if possible to ra raise, gradually, the of the 
eas groins § seaward of high-water mark as the beach builds up. This ideal is not < 
$ o always s feasible, but the writer has used a very effective modification of this 


m tem where the groin i is of steel sheet piling. } Every fourth | pile i is driven a 


Fis. 16 —Gnome AT Tunas Bracs, Suow1ne InsHoRE BY 


ACCRETION AND REsuLTANT Smoors Linz 


ie feet lower than the remainder, thus Leavin! ‘windows” in the gro 
E - first these “windows” permit the upper part of the wave (which, of course, me 
= carrying the least sand). to pass on through the groin, thereby decreasing the 
volume of return flow down the beach 1 slope parallel to the groin and isermaing aid 
the tendency to sand deposit. Later, when the beach has built up to the a : 
‘ Me bottom of the “windows,” the sand passes on through them to the leeward side, 
ee thereby fostering a more smooth and uniform beach | outline. Should it be © 
_ desired to build the beach level still higher, these ‘‘windows” can be closed by 
BS ae pieces of sheet pile. The beach then builds up to the top of the groin and ; 
F Fa buries it to a a point seaward of the break in the profile. Fig. 17 shows such a a 
_ groin under construction, several of which have been built by the State of | 
California, and which have functioned very satisfactorily. The shoreward 
end of this groin was constructed of wood sheet piling for economy, as it later 
buried by natural accretions. 
tis understood that on the Atlantic Coast certain groins have been con- 
structed with these “windows” bpm. out to ‘the seaward end of the ; _ 


oreward where it will be either deposited - 
“on the windward side of the groin or pass through the “windows” and be de- 


on the leeward side. Every must be directed tos minimize 
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The wathot touches only lightly on materials of construction, implying that Lf 


will be built of sheet piling. This type construction is the 


_ simplest, venibe steel is ordinarily preferable to wood, unless the cost differential — 
is too great. Steel is particularly suitable where the beach is underlain by — 

“material that is difficult to penetrate. i Indeed, steel master piles are often ge 

preferable to the round wooden piles indicated in Fig. 
A strong argument against wood piling is its buoyancy. The writer has 
seen wood groins fail by becoming loosened i in a storm and then “popping” out, 

being broken off. Perhaps the penetration was inadequate in 

4 cases, but steel piling would have required less penetration for safety. Sand — 

erosion of the steel is more of a problem than corrosion. i. _ Asphalt and sand : 

_ coating has been found more effective protection than most of the commercial e 


poten can n be tisod where the groin (or | “jetty,” as it is called i in that locality) is 
_ large enough to justify use of rock sizes capable of withstanding wave action; . 
but such structures are likely to be in -sand- ‘ 
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LEEDS ON BEACH EROSION STUDIES 
successfully in Massachusetts anc and California, and ‘possibly 
elsewh re, , Where there is no danger of settlement. 


4 In certain instances the writer has combined the advantages of the tro 


types by using articulated massive concrete blocks. This construction pro- 


duces a groin that is sufficiently m massive to withstand storms and yet which ; 
settle irregularly without failure. 18 shows groins of this type—Fig. 
--18(@) being a view during construction, Fig. 18() soon after their completion, 
Fig. 18(¢) the subsequent accretion, and F Fig. - 18(d) 2 a view of a groin under 
. storm conditions. Tf it is desirable to raise the groin after it has reached its. ; 
a ultimate settlement, a concrete cap can be constructed on top of the blocks 
S 77 which, because ¢ of their shape, provide an effective bond | between the old and 
ce then new work. ‘Fig. 19 shows a groin of this type, the shoreward part of which 
Bee 2 writer agrees with the conclusions of the author that: (a) The ratio of 
- = length to groin » interval should be between 1:1 and 1: 3; (b) spacing 
\9 This raises the question, however, as — what is the effective measure of 
7 ‘groin length. Is it the actual constructed length, measured from the bulkhead 
-Tegardless_ of its location, to the seaward 1 extremity of the groin, or or is it the 
— Tength of groin | remaining exposed above the beach s slope after the groin has 
a accomplished its major purpose in building up the beach? It appears rather 
obvious to the writer that the second is the logical conclusion because, after the 
beach has reached 2 a condition of equilibrium subsequent to building of the 


groin, one certainly cannot consider the buried part of the groin as having any 


fe As a further rule for groin spacing the ‘euthor advocates, subject to the 


“foregoing limits, that the groins should be so spaced that a line drawn through : 


intersect the beach at the root of the next groin. This sounds simple, but what — 
p is “the direction of wave approach”? Is it that in deep water or is it that near 
plunge point? | On approaching near enough to rage to “feel the bottom,’ 


the seaward end of one groin parallel to the direction of wave approach will 


front are approximately parallel to the shore. “Therefore, it is essential to 
___ know where to observe the direction of approach. Aline through the seaward 
ends of the groins would appear to be the logical point of observation, for that 
is where the wavesareintercepted. 
a Furthermore, which kind of wave shall be used as a a celtagion, , the “normal” » % 


"waves, the direction of which i is most predominant through the year, or the ee 
storm waves, which , although less frequent, are much more powerful? In_ s | 


- Southern California the fair weather waves approach generally from the 
_ southwest or west and predominate through two-thirds to three-fourths of the 
_~year, whereas the southeasterly or southerly storm waves occur only in the t 


a three or four winter months. There is little question here in adopting the — 


closer than 1 : 1 is non-injurious but is uneconomical ; and (c) spacing greater a4 


prevailing fair weather direction. other localities, however, the problem 
may be less simple, for the wind wave direction may be much more variable. 
‘The s rule for groin spacing, based on direction n of wave approach, 
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to the coast the waves do not parallel, but the shore 
4 ends are retarded so that the wave reaches the shore at an angle of about 16 as - 
degrees.” ” Applying the author’s own rule to this case would appear to justify 
oy a groin interval equal to only approximately , one-fourth the groin length, if the — = 


4 


ieee, In California the State Division of Lands is gradually accumulating a record — 4 
Wes, of seacoast structures within the State, their behavior, and their effect on the cei: | 
toast line. Since 1931 State permits have been required for construction and ae 
Re maintenance of al all structures extending seaward across the State-owned tide ye 

and submerged lands. _ Each applicant is required to submit for approval plans — - 
of the proposed structure, &@ map showing the present (and past, so far as avail- 
oe able) lir lines of low tide, high tide, ,and extreme reach of the sea in the vicinity, 
accompanied by photographs. From time to time “after, completion of 
‘structure, inspections are made ‘and photographs obtained to record the effect 
Nit ‘produced by | the structure on the shore line. By this procedure it is planned 

to accumulate a reservoir of information that should be of service, not only to 

the State, but to the engineering» profession in future shore ROPES and x 


I. Brown," M. Am. Soc. C. E. (by le letter) —In the ina 
tion of this paper has resulted in beneficial discussion. tai odd 
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BROWN: on. ‘BEA CH EROSION 


Lipp discusses the paper from the standpoint of his 
and gives the reasons for his practices 0 onthatshore. He stresses the difficulties 


Soe encountered at inlets, those arising from heavy surf action, and the other local — 


to which his discussion calls attention. finds, in general, 


ence corroborates and confirms the views ex 


to to know why certain problems exist, whether they are Man made or made z a 
a Nature,” is true. Iti is also true that the engineer must usually accept « condi- 
- tions as he finds them and solve the problems presented thereby. In his 

_ solutions of beach protection problems at shore communities, the engineer can ze 
a do much toward increasing the recreational uses of the beaches and a . 
oa the hazard and destruction in storms by establishing the essential information — 

on which the local government should base its zoning ordinances. a 


‘ In almost all cases where inlets have been cut through sand barrier = 3 


% and protected by jetties, there has been an ensuing accretion on the one side 
. _ of the inlet and erosion on the other, as observed by Mr. Lipp. Pumping from 
eg the “full” side to the eroded side has been advocated by some individuals | for 


4 many years, but the rod location known to the writer at which it has been . 


4 


starving of beaches ied ot a well-built system of gr groi is 
familiar to all students of the subject of beach erosion and is another argument _ 
an in favor 0 of comprehensive planning for the development and protection of 
= entire beach areas. To take care of the. original filling of groin bays, itis 
a - advisable, of course, to start the construction of a system of groins with the 4 
Be = most leeward. Unless there is known to be a large littoral drift, the necessity Es 
a of maintaining the beach by artificial filling between groins 8 must always be 
when developing a plan of protection. 
Mr. Soper expresses opinions probably held by many practicing engineers 
the elaborateness of the investigations recommended in connection 
eo ao beach erosion studies. It is probably true that many problems in con- iz 


nection a with shore protection have been solved successfully “at the least ae 3 


at 


penditure of time and money.” On the other hand, the practice of designing * 


er constructing beach protective works on little or no Teal information is 
* = dangerous and has been the cause of the wasting of millions of dollars. It ee £5 


ss the writer’s opinion ‘ that much of this loss might have been saved if the in- ae a 
vestigations had been more complete. The recommended investigations prior ‘ 
to construction (particularly as to geology, shore-line and offshore changes, 3 pg 
2 a o wave action and storm effect, tidal and other current conditions, character and ae 
— 
extent of littoral drift) are as necessary as foundation investigations for build- 
= = : ings. If direct data are not obtained, practicing engineers are forced to base Be : 
decisions on criteria taken from existing construction which has proved su‘ success- 
ful. The weaknesses of this condition are well known to the e engineering g world. 
Aa ‘Itis be understood that the scope of the investigations to be made in each 
particular study will be based on local conditions, available information, and 
the problem involved. Each of the different investigations should be | made 
only when it is known that the results will have an important on nthe 
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v7 Mr. Soper, very properly, emphasizes t the desirability of inquiries into vais: a¢ 
history of destructive storms and their | effects on structures, He also. — 


the of history as to local conditions. In views the writer 


of under the influence of the wind. This omission is 
a and is to be attributed to the fact that few observations are available — 
on this: subject. The most ‘satisfactory known observations on the 

between velocity of wind and y 

e Engineer Office at Portland, Ore., in connection with a study of the meveniet 
of sand at the mouth of the Columbia River. A sketch of sand traps developed 

ee in connection therewith is given in Fig. 20 (prepared from a description of the 
trap used by Morrough P. O’Brien, M. Am. Soc. C. E., and B. D. Rindlaub, 

Lieutenant, Corps of Engineers, in tests at Clatsop Beach, Ore.). When it is 

recalled that the sand dunes along the coast are formed wind-blown sand, 

its importance in the study of coastal phenomena may be appreciated. Al- 
though the removal of sand from the beach by wind undoubtedly affects the rate | 
of erosion, statistical data are meager. _ Mr. Soper also queries whether : any 

+ method of removing the water behind a bulkhead can be suggested. The La 

us ems believes that every effort should be made to prevent water from seeping # 
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‘Temove ‘it is known except to provide: a suitable opening for drainage i in the 


Equally Spaced py 


r 

ites te bast bai levol adi, amt 


dual, nail 200 leat. 


80 as to prevent t the escape of back- fill The writer 


deems that a bulkhead that is not ‘completely. back- filled i is not a a complete 
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O'Rourke has made considerable contribution to the of shore 
protection in designing his submerged bulkhead. This structure appears to be t 
well suited for conditions on the Great Lakes where it was constructed. I 
be some question as to its effectiveness on an ocean'beach where tidal 
variations may reduce its beneficial effects at the higher stages of the tide, An 
attempt accomplish a similar result on the ocean beach has been devised I 
i experimentally by Mr. Richard Arpen, in the form of a triangular concrete block Hi oa h 
termed a “submerged breakwater.” It appears to have had some 
Ph ‘is Mr. O’Rourke’s description of the partly submerged bulkhead is of great | S. 
interest. In several instances known to the writer, the construction of offshore | 
_ breakwaters has been followed by a building out of the beach behind it. Asa a i t 
‘ general rule, the high cost of offshore structures precludes their use solely for B 
the purpose of beach protection. An experimental study of such structures has a ‘a a 
- been made by the Beach Erosion Board in its experimental laboratory at os. 
Washington. The preliminary results appear to justify further study, both i in 
the laboratory andthe fidld. 
Colonel Dent and Major Leeds question the rules used by the Beach Erosion ; f 
- Board in determining the ratio of length of groin to interval between groins. . 


_ _‘These rules are entirely empirical and cannot withstand logical analysis. 2 
ar Z 3 However, observation of installed groin systems indicates that the rules may = a 


7 relied upon, generally, to give a reasonable layout for a groin system. These ? d 
Se writers also raise the point as to whether the stated length of groin is the total i x 
length or the length protruding after a sand fill has accumulated. It is cus- 

7. 


? : tomary to consider the length of structure as built; a groin system functioning SL 

ai- . with 100% efficiency would be practically buried by the accumulated sand. ae 4 

a ' “dale Colonel Dent states that the best spacing may depend on a balance of the ae: ae 

= cost of more generous supply of nourishment (presumably bys artificial means), 

‘more frequent points of supply, stronger bulkheads, more groins, and the 1e general | 

utility of the improvement finally adopted—that is, on the economics of the 
‘ed problem. There are many cases where economical considerations Tequire the 
_ a adoption of a project for erosion on control less expensive than the ideal solution. — a Ee 
Such a case has #risen in the writer’s experience in designing a beach-erosion 

project for the Town of Wrightsville Beach, N.C. 

_ 8 . 3 The frontage to be controlled was about 12 000 ft long, and the cost had to = : 
be kept within the sum of $250 000. ‘The ocean was rapidly encroaching on, 
= and endangering, existing structures, and it was” desired to provide a safe 

q ‘margin | of protection as rapidly as possible. design ‘made by the Beach 


Erosion Board for the locality comprised a groin and bulkhead system esti- a: 


mated to cost about $750 000, but such a sum was entirely beyond the capacity 
= of the locality to finance. Its legal bonding limit confined its efforts to the i: ; 


aforementioned sum. The design adopted to meet these limitations consisted 
of an extension of the berm seaward for distances of from 100 to 200 ft by sand — a 
_—_—_ artificially supplied | by dredging from the lagoon in the rear of the island on af 
a which the town is located, and the fixation of the artificially created beach o : 
bya a system of sixteen latter are of creosoted timber constructed i 
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BROWN ON BEACH EROSION STUDIES 
: "modification, particularly at the outer end, to prevent erosion by eddies imal = 


Elevation 9.5 ft (M.L.W.) at the landward end to Elevation 8.5 ft at a point 


the ends. The inner part of the groins is not horizontal but slopes from — a i 


90 ft seaward; thence it slopes for 140 ft down to Elevation 2.0 ft; and then a 
‘s extends seaward horizontally for 95 ft, making the total length of groin 325 ft. f tg 
‘ It was was possible to provide only sixteen groins to cover the distance of 12 000 ft; _ a 
hence the spacing was about 800 ft. The volume of sand supplied to extend Ade x 
- the berm seaward as desired, and to fill the intervals between groins substan- 
tially to the tops of their inner and middle sections, was 700 000 cu yd. 
 groins were practically buried within the fill since their function was to stabilize _ 


he berm and not to create one by accumulating drift. This is func- 


= Mr. Rhodes discusses the f paper in the light of his experience on the Georgia ae 

coast where he finds beach problems very intimately involved with those of Age 
currents at inlets, and their subsidiary effects. He finds that, in general, the pars 


_ experience and practices described in the paper correspond with his experience. } See 
a points ¢ out that at, and in, inlets the rules for spacing groins should be modi- 
to require spacing, as the there becomes one of bank 


+ Major L Leeds also finds it necessary to. make an extended esearch into the 


protection rather than one of shore protection. | ol 


te and he stresses the necessity for the use of good judgment i in interpreting the 
= available data. He stresses in particular the desirability of the fullest and 


most complete data possible as to winds and waves. He considers wave data | 


: Major Leeds advocates the study of the residual movement of some i 
terial placed | on the beach, of approximately the same ‘Specific gravity as the 
sand or gravel, but readily distinguishable therefrom, and a ‘periodic ob- 

servation of its aggregate movement. The Beach Erosion Board has attempted — - 
_ tomake such studies, 13 using ared sand i in lots of 16 to 2 20 cu yd each, placed i ina 

- trench extending from the crest of the berm to mean sea level. It found that 
- material became so diluted by mixture with other materials that its travel a 

- could n not be followed along the beach for any considerable distance, and that an 
8 short time it could not be identified at all. Further experiments with larger gt 


‘volumes of foreign materials might yield further information. ‘ 


ie Major Leeds calls a attention to a matter of grave ¢ concern to beaches on es 
deeply indented and rocky shores, such as those of California. Many of these ie, 
beaches are fed by detritus brought down to the sea by mountain torrents. ee 
‘The i improvement of the valleys of these torrents in the way of flood-control — 29 
and erosion- control projects is likely to reduce or eliminate ‘such supplies, 
resulting in n great damage to the beaches, 
_ Major Leeds makes many valuable suggestions on groin design, some e of - 
which do not agree in detail with the recommended design. ' 
are appreciated, although it was conceded in the paper that many variations in " 


design of groins are permissible under certain conditions. 
7 3 Interim Report, Beach Erosion Board, April 15, 1933, — 3/1 to 3/6, inclusive. 
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beach problems should t take full cognizance of the 
relationship between the cost of protection. on and the value of the property to 7 
protected. The general public readily endorses the construction of a shore 

or boardwalk at costs of $25, $50, $100, or possibly more per running 


itself be apparent but it is often disregarded. There are more 
"sufficient examples to warrant the advocated principle of the Beach Erosion 
ae Board that upon decision to build, it should be axiomatic to build carefully and ey 
ey strongly. This does not prevent the possibility of savings in construction 4 
costs based on intimate and detailed knowledge of local 
beyond the scope of a study by: the Board. ron 
As stated in the original paper, the science or art of shore protection is is f A 
a comparatively new. Sound judgment based on careful observation and critical — 
of existing beaches and structures is, and will remain for many years 
é ae to come, the principal tool of the beach protection engineer. Quantitative < 
methods of predicting any aspect of shore-line behavior are almost non- 
existent and the st subject is of such nature that it will not soon be presented in 


Shore-line behavior, however, is uniquely related to the hydraulic phenom 


= 


sna at work and the: difficulty lies not in mysterious phenomena or insuperable ; ve 
difficulties in observation and interpretation but rather in the extreme vari- se 


a = ability and uncertainty regarding the sequence and magnitude of the winds, 


tides, currents, and sand supply. models of typical or specific 
pire situations, if built to sufficiently large scale, would undoubtedly yield reliable er ? 
date, concerning major phenomena but one always uncertain about the 
manner i in which the controlled variables are to be introduced. 
large. number of variables involved in every study « of the acting 
upon the shore line emphasiace the necessity for comprehensive planning after 
thorough consideration of all detailed information . that can be secured, ino order 
a ‘that there will be no possibility of ov verlooking any clue to the best possible 


Ih conclusion the v writer wishes to express his appreciation to those who 


> discusse d the paper, and his indebtedness to the Beach Erosion | Board for eat 
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_ and the observations were combined with comparative investigations i in the 4 4 
—all based on the principles of modern soil mechanics. 

. The organization of these : studies i is outlined herein, : as conducted by the ge 
Foundation Soils Research Laboratory of the Egyptian University, at Cairo, 

- Egypt, with the support of the Egyptian Government and the co- operation ae 

of local consulting engineers, architects, and contractors. Emphasis is placed 

on the methods of overcoming the prejudice, ordinarily encountered by prac- ae: 

* engineers and architects of all countries, against settlement observations — 


of their structures by independent third parties. adi 
Some of the most important results of studies: on eleven of the new epunevindl 


theories and the results: of tests. The of these studies on 
_ trends of local engineering practice are outlined. are pre- 
sented concerning the features considered as being essen 
qaqnnisations of studies in any other locality. 


“ 


‘the clays. and silts of the Nile Valley ‘and Delta. Unforeseen and particularly 

be great difficulties were encountered by the settlements of a large public building e 

Ee erected in Cairo about 1928. Its completion had to be delayed for more than es ie ~ 


Asst. Prof. of Civ. rota , School of Eng., Princeton Univ., N. J.; Research Engr 
a 


foundation Soils R Egy ptian Cairo, Egypt 


| 
— 
— 
§ number of new Duildings—public and private—constructed Within radius of 
4 
— 
4 
% 


Vio 10 {141502 4A 


- three years until continued observations showed that the rate of settlement _ 

2 had decreased to a reassuring extent. Tests on clay samples and a settlement i: Fs 
analysis made by Professor Dr. F. at his laboratory, i in Freiberg, 

Germany, also showed that the ‘period was nearly ended. 

- Some of the settlement observations and other data pertaining to this building 

(identified herein as Building T) ‘are shown subsequently on Figs. 13 and 14, - 
‘The case attracted attention to the numerous “gaps” in the engineering — 
knowledge concerning the behavior of foundations and to the methods recom- — 
am mended by the r sad science > of Soil Mechanics for the p perpen e of closing thee 


An extensive of problems was decided upon ond the writer 


to organize a Foundation Soils Research Laboratory. 


M 
Purpose orm: ‘SETTLE ‘Sruvies 


planned of all problems connected with 


(a) To provide the local Engineering Profession with accurate knowledge 
a. concerning the final value, the rate and the distribution, in plan, of settlements — 
as observed on actual structures erected on different types of foundations and s 


=< 


To allow comparisons betweep the 
- observed in the field and as forecast on the basis of computations and of “a 
laboratory tests; the theoretical mi methods of analysis were to 


developed by means of such comparisons. 


4 


The following principles the organization of the settlement st studies 


The -atudies were classified as a ‘research i in ‘the field of public utility. 

As such, they were financed d by the Egyptian | Government and the Laboratory — 
equipped to handle every phase of the is, , the 


“cases. _ This opposition v was generally due to fear of damages to the business 
interests concerned, should settlement observations show that the foundation a 
"design had not been fully effective. A number of special measures were 


_ therefore safeguard the legitimate business interests 


= information that were inconsistent with the provisions, even if 


— 
— 
— hg 
| 
= 
— 
‘i a ss The Survey of Egypt assisted in some of the phases of the leveling work. — ee 
(2) It was recognized that the usual opposition of practising engineers 
4 against settlement observations of their structures might be justified in some 
: \o) guaran y was given at all ata wou ep con 
the written approval of those responsible for it was first obtained. The small 
i. staff of the Laboratory was made personally responsible for the secrecy 0 i Nes 


= 


until the degree of of the methods used had and generally 


privately owned, 7 The writer ur understands that this total number was doubled — 

ra Ss _ Conditions in the Nile Valley and Delta proved to be particularly favorable ty - 


to the studies. A large number of new buildings ngs were being erected every 
year. Furthermore, the compressible water-logged clay and silt deposits — 4 
5 _ seldom e exceeded a thickness of 30 ft and often averaged only 10 and 15 ft, © 
being un underlaid by sand which extended to considerable depths. Since the 


a. of consolidation of a clay layer increases s with the square of its thickness, oe 


Esc which only three were Sublie buildings and twenty-one were 


4 the settlement studies on the relatively thin compressible layers met with in — 
Bat e could give conclusive results much sooner than would be the case in 


— with thicker deposits. The results, therefore, m may be of of more than bs 


Naturally, only an outline of the most pertinent data is possible within 
- _ the limited space of this paper. — This will be realized, if one considers that a ie 


jinn prepared by the writer to cover, fully, the case of only one building (T) ae 


consisted of 288 pages of typescript with 72 illustrations, 
The liquid and plastic limit, the natural water content, and the laterally 
unconfined compressive strength test were adopted as routine soil tests for 
descriptive and classification purposes. The advantage of these tests is that 
can be performed rapidly. The liquid and plastic limit tests 
— 


illustrate the potential properties of the basic soil material i in a disturbed state. 


‘The density i in the natural state is shown n by the natural water content (wa), 


- The subdivision | of soils as | “clay” or “silt” was made mainly on the basis _ 


The observed set settlements and the laboratory test data applying to the 


Te lto 12, which diagrams intended to be self-explanatory. 
Bele Concerning the Final Value of Setilements.— was found that buildings = 


proportion ‘to the weight of the structure, to the thickness of the stressed 
deposit, and to the value of the compressibility coefficient of the clay type 
of that t deposit. Driving piles into the clay by no means prevented settlements, 
unless the piles penetrated into the underlying sand. The intensity of stress 
on the clay layer beneath the pile-bearings ‘and the thickness of that layer 
appeared to be the governing factors. Thus, 1 the buildings erected on piles, 
See Paper C-1, Vol. L Proceedings, International on Soil Mechani Mechanics : and 
i Engineering. 
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in.; Buildings V and X (Figs. 7 and 12), more than 2i in.; and Building 


in the clay only, settled: Building T Figs. 13 14), more 


Oe. 9 and 10), more than 4 in. Building VIII, although only seven stories 
- high, had about 15 ft of clay beneath its pile-bearings and settled five times 
as much as the heavier ten-story Building VI (in which the settlement was _ 
- about 1 in,, , see Fig. 8) with exactly the same system, length, and loading of 


the piles. “Tn the case of Building VI, the piles penetrated into sand. 


os five-story structure (Building Vi, Fig. 9), on a lighter type of piles just Fa 


than 1 in. at one end and almost zero at the other). WA 
ag 


(aa Light buildings, weighing less than 1 ton per sq ft of bearing area, erected 
on spread footings < or rafts resting on a stiff variety 0 of local clay of a brown » 2 


Le Fig. 2) showed small settlements of less than lin. The stiff brown clay i 


When the stiff brown clay was underlaid by a thicker layer of a local clay, : 


and the old silt of the latter two buildings were ur underlaid bya ooo, silty, dark he “Ss 


about 10 ft thick, of the se same dark color but more light struc- 


d-Test Results and the of the Pull- Sized 


; te Gig. 2), a load test made on an area of oe 10 on ft did not show any mea- 
in.), under which load the structure settled about 1 in. 
be sy ~ In another similar case (Building IX), the dry clay soil at the level of the © 
i. foundation was so hard that no impression was left by the heel of a man ‘- 
~ spinning round on _ _ Obviously, a load test would have been useless oe 


conditions, yet the entire structure 6i in., , due to 


values due to the inevitable loosening. of the wet exposed soil surface. ‘Under 
* similar conditions load tests, therefore, appear inadvisable for any purposes. pee 


until complete stabilization chowed ‘settlements about one-twentieth of the 
actual settlement of the entire structure under the same load perpilee 
All piles of the buildings described in this paper are concrete piles cast in 
Pee place. _ The steel tube driven into the ground is withdrawn and the concrete _ a 
ty ‘rammed w with a heavy tamper. This tamper weighs about 1 500 lb for the | 


eh. type of piles used in Buildings | V, VII, X and T (the usual wearing load 


ve allowed locally on such piles varies from 30 to 45 tons per pile). ‘For the ss 


a -surable settlement under a load of 1 ton per sq ft (accuracy of reading about -_ 


ba type of piles used in Buildings VI and VIII the tamper weighs about 4 500 sens ) 


(usual | working load, 60 to 80 to tons per nal 


a 


— 
— 
ullding , figs. 0 and 0) settled more than in. and a light four-story = 
villa (Building IX, Fig. 11) settled more than 6 in. In this latter case 
silt deposit overlying the dark clay appears to have 
Structures—No useful relation cou established Detween load-test results 
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since it was locally that, , under the unit loads used i in the 
designs, single test-piles showed negligible even when embedded 
Decrease of Settlement Was as a Result of Excavation, 
no recently as 1933 excavation of soil was generally advocated as a useful ‘means ied 
- of decreasing settlements, which were not supposed to » begin until the weight a ; 
ae 4 of the superstructure had exceeded that of the soil removed. Actually, the a 
= opposite was observed (see Building II, Fig. 2). Settlements were registered — * 
as . immediately after loads were applied to the soil. Th This was probably caused ey 
the preceding elastic swelling of the underlying moist soil in the extensive 
r J period between the end of the excavation and the beginning of construction. 
Relation Between Settlements in Clays as Actually Observed and as 
on the Basis of Laboratory Tests —Forecasts based on consolidation tests made % 
TI the stiff and easily swelling brown clays from the first three buildings. 
Si studied gave two or three times: greater settlement values than those which 
were: ‘actually observed. Fy: The writer then took ‘samples | of the clay to the 


"a 


es 


enue 


laboratory of Charles Terzaghi, M. Am. Soc. C. E., at Vienna, Austria, and the ve 
Nae results of the tests made there fully agreed with his own. a. Tt became | bart ae 


Subsequently, the writer r proved that the was to 


a swelling of the brown clay samples during and after their removal from their ae 
a position in the natural deposit. 4 An. agreement b between the observed sae 
cients and those derived by laboratory tests was reached by loading the stiff ¥ 
a x brown clay sample i in ~ consolidation device up to the value of the natural 


weight of the ov overlying layers, loading again, and only then using the 


= e coefficients from this latter branch of the compressibility pressure curve. a wa 
a a (This pre-consolidation load, determined separately, is comparatively high due 
to repeated drying and swelling of the soil deposits after, ‘and during, the 
ie compare the observed coefficients and those derived from observations 
-test settlements, the writer introduced a new compression 
coefficient, X, which gave directly the | unit of the layer, or of 


7 

q 


: 


by the standard ‘testing from the voids: ratio-pressure 
curves; = initial voids r ratio; 8 = observed settlement of layer or compression — 
f test = increment of the average pressure on the layer, or oD 


= initial thickness of the layer or of thesample. =i ; 
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SETTLEMENT OF STRUCTURES 
i use of ‘Equation (1) permitted the determination of ons compression _ 


b ‘coefficient, x,! at any stage of loading during the laboratory compressibility 


_ test with not more than 3% c or 4% error and without having to wait for en a - 


was obtained for these clays by the usual standard test 
is, by taking the settlement coefficients from the voids ratio- -pressure 
. ‘curve for the first loading after the test pressure had exceeded the 1 weight of” ae 
Therefore, the method of taking a ‘sample, ‘combined with the potential 
~ capacity of a soil to swell, or to fall apart, appears to be : among the factors © mat: 
shading the accuracy of settlement forecasts and the advisable = 
method for the interpretation of test results. 46 Another important factor is ie ee 
original stiffness of the material because the same disturbance while voce 
ea sample will cause a relatively greater error in the settlement forecast for a * 
‘stiff clay than for a weak one. hatghianog a0. a blr tn 
‘This is a probable explanation of why of the: earlier laboratory settle- 
a ment analyses gave such good agreement with the observed field values; the ns _ 
first investigations were made where some foundation trouble had occurred, 
which may be taken as an indication in itself of the presence of weak soil = i, 
¥ "material. _ The entire question, however, takes on a totally different aspect — 
Be if, as a matter of routine, one is called upon to make settlement forecasts for ee a 
varying types of soil on which no previous settlement observations have been Ean 
ais made. One often hears about the necessity of “experience” in the interpreta- seh ce 
3 « tion of soil test results. — Generally, this means the number of tests and analyses aie * 


ee peated within the four walls of a laboratory. He The writer wishes to empha- My 
ie 
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tne of its soil deposits. Hence, it follows that settlement should be studied FY Py 3 
in all localities if indications of local and general practical value are to be 


‘The following are some average values: of the compression coefficient, X, 


for Egyptian soils, as approximately determined from the observations 


These values were determined for metric linear dimensions and for ‘stresses 


i, expressed in kilograms per square centimeter (equivalent to about 2 044 DO a 


| ~iper sq ft); that is, X = 0. 010 ), would mean that a layer 1 m thick would ¢o com- _ 
press 1 cm (0.4 in. ) under an average vertical unit stress of 1 kg ‘per sq. a? 

4 Ib sq in.) throughout its entire thickness. Since this stress is approxi- 


| 


— 
= 
| 
Comparisons with field observations on full-scale structures. Furthermore, 
a as the experience derived from such comparisons in one locality cannot alwavs — + 
— 


| 


~ unchanged if the thickness « of the layer is expressed i in feet and the stress j in 


in: tons per square foot. In all cases the underlying sand deposits were assumed — % 


to be relatively incompressible. = 
Efficiency of Devices for Taking ‘“Undisturbed Samplers.”’— —The so-called 
“undisturbed samplers” used had a cutting-edge of a slightly smaller diameter - 
than the diameter of the sample-containing tube. They were similar to the 
= so-called M.I.T. type and were found to yield reliable information as to the: A 
composition, the structure, and the approximate stiffness of the layers en- Pe. 
countered. They preserved, intact, and revealed, important details of the 


4 -_ — formation none of which could be noticed if and when ordinary eugers 


2,2 


> 


= 


: - nl were used; the latter disturbed the structure of the soil completely and mixed — 


+ its various constituents. 
hus, the “‘andisturbed samplers” were: found to be quite effici ient 


the augers and to other more primitive methods of soil exploration. a 
samplers of this type could not be considered as giving entirely undisturbed a 


a extent required for laboratory compressibility. 


ao 


easts of n more e than 100% and, sometimes, ev: even 200 per r cent. ‘The n narrower 
cutter appears to have been originally introduced by the designers of this 
type of sampler for the purpose of decreasing friction along the walls of the 
container tube, this itiotion: having been considered as the source e of greatest 
4 possible disturbance. In view of the facts observed, it appears likely that the - 
unfavorable effects: of this lateral friction have been greatly ‘over-estimated, — 
~ especially if compared to the effects of the dislocation of the structure of the soil 
due to lateral expansion in the container following the use of narrower cutters 
the writer’s opinion, -constant-diameter samplers, at least 4 in. wide, 
should be tried for soils i in which lateral expansion is likely to cause considerable a _ tl 
isturbance—for instance, for pre-compressed clays of a swelling type. 7 a 


such clays a state of considerable horizontal stress is likely to exist,‘ and an 


- transfer of the oxmngle from its position in the natural deposit to the com- BS 
testing ap paratus in the laboratory. Friction along the walls of 


Not Au Clays” Are Unfavorably Affected by Remolding. —Compressive de 


tests on numerous clay samples, both in undisturbed and in the 


“affected by This was not ‘the case for the stiffer brown | da of 
samples, which were only slightly affected, or not at all. The types of brown 3 28 


that were likely to swell more to be least affected by remolding. th 


Estimation of the Compressibility of Silts—Comparison of the settlemen th 
Il T Gig. 2), III and IV on and of 
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on other: (Fig. that the compressibility of loose, recently 
ia deposited : silts could be more than ten times as great as that of compact old ne 4 
gilts and could: produce appreciable settlements (Building IX, Fig. 11). 
the same time, there are no simple means of establishing, rapidly and before-_ 
hand, whether one is dealing with a compact, or with a loose, silt. Such silts ee: 4 : 
with little cohesion cannot be extracted from bore-holes below ground- wate 
q evel in a really undisturbed state as required for laboratory testing. pi Further- 


‘more, there is very little hope that this will ever be attained by any new 


‘= small cones slowly into ‘and through the silt or sand deposit. 
re __ pressure applied in relation to the penetration registered gives comparative — 
es pirical coefficients of the density and of the compressibility of the soil cone 
Such methods were tried first by Professor Terzaghi in the United States and 
- then by Dutch engineers in Holland.’ | They appear to be in need of correlation _ 
to observations and of further development, but they form what seems to — 5a 
4 promising innovation. AD 
Rate of Settlement. —tThe rate of settlement observed was found to be in 
on) agreement with the theoretical rate based on the permeability of the | 7 
_ -water-logged deposits stressed by the weight of the buildings when they were 
founded on mat or strip-footing foundations. The settlements of Building II 
(Fig. 2) continued for a much longer time than could be expected from i 
‘a permeability tests. This continued settlement appears to be due to the 
constant variations of 20% of the total load twice weekly before and oneal 
oy the refilling of the water tank. ai ad ot 
The settlements of light structures founded on piles 1 resting on sand (Build- Bild a F 
= ing VII) stopped almost immediately after construction. On the other hand, 
the settlements of similar but heavier structures (Building VI) continued long 
Se afterward. The causes of this latter phenomenon are not clear but may be “ 
attributed to the effect of gradual consolidation of the overlying clay and silt oh 
o layers and the resulting decrease of the frictional support they — 
a provided, combined with lateral and upward flow of the stressed sand beneath 
Water Level. —The effects of ground-water level variations w were 
found to be much less important than was generally believed. These variations 
=} * depend on the Nile floc flood which occurs yearly at almost t exactly the a 
periods and with very much the same amplitude. The variation | in the 


. of the site from the river and to the permeability of the adjoining soil layers. , 


Before the settlement studies were undertaken, many engineers believed ~— ae 


ae Py hese y yearly variations should be held responsible for a dislocation of the soi 


the curves of the observed shows that is not 
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effect on the time-settlement curve was observed only when 
g =e or rise of the ground-water level coincided with the period of construction - 
and when the seat of f settlement was located in a deep, dark, clay layer Cm 
4 ; —- ings IV and 1 Figs. 5, 6, and 7). This may be explained: as follows: A tise 
of the ground-water level decreases, by the amount of buoyancy, the pressure 
= ag component ¢ on the deep, dark clay due to the weight of the overlying a 
a, within the height of the water rise. This dark clay has been fully consolidated — 
— maximum pressure from the overlying soil corresponding to the 
; _ lowest ground-water level. When the water rises at the same time as the | 
a ‘aor is constructed, : not all, if any, of the newly applied load of the e super 
+e structure orentes stresses in the dark clay layer in excess of the previous — 
‘maximum. This newly applied surface load is compensated by the 
in the weight of the newly saturated soil layers. The rate of aettlonet 
decreases and the time-settlement curve flattens out. When, subsequently, 
the ground-water level falls, all the surface load of the structure erected ones 

oe the period of the water rise is - suddenly - applied to the deeper layer. of dark 
clay. It creates stresses in excess of the preceding maximum and a sudden 
¥s _and rapid increase in the rate of settlement results (Buildings IV and y 
a. Figs. 5, 6 and 7). The same process may be repeated on a much smaller 
La ae  seale in succeeding years until consolidation under the effect of the load of — 
This shows that the variations in ground-water level, in of the type 
= OS studied, only slow down the rate of settlement during the rise of the water wi 
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wad 
Lines of Equal Settlement. —The distribution of ‘the settlements in plan = 


—_ of the same ne planes within the clay layers, which seemed, therefore, to : 
_ have a horizontally uniform degree of compressibility - Lines of equal pressure, a 


compressible layer, or at its center, , showed an a agreement of shape and of 
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; ; q relative magnitude which had to be considered as fairly good if the distributive ss 
= of the semi-rigid superstructure is taken into account as demonstrated 
a =; ie Buildings I (Fig. 1), III (Figs. 3 and 4), IV (Figs. 5 and 6), V (Fig. 7), = 


-X (Fig. 12), and T (Figs. 13 and 14). The inclination of cracks in Building 


VIIL (Fig. 10) furnished evidence in the same direction; the horizontally — 
7: uniform compressibility of the soil was also evidenced by the uniform settlement ia ae 
the perfectly rigid water tower in Building Cig. a, hed a 


7 
a 


remaining two ‘structures, Buildings VII in Figs. 9 
(Building VI could be observed only on two points) unexpectedly showed © ae 


irregular settlements which obviously were not governed by stress distribution 
oe but which were primarily influenced by irregularities in the compressibility of se: 


on very recent , clay, and on silt. deposits of an age of less than 100 yr; they 


ed level and accelerate it during its fall. The final value of the settlements does ce | 


ia the soil. Examination of old maps showed that both buildings were situated = es 
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2 founded on older clay and silt deposits more than 800 yr old for Buildings III a 
Sr : wey Y, VU, X, and T, and deposits more than 2 2 000 yr for Buildings I and Il. 


presumably had a consolidating effect on the degree of compressibility over ee 3 
_ Thus, on a total number of eleven structures discussed in this paper two | a. 
were an exception to what aqgeetn to be a local tule concerning the horizontal 


more extensive information is required; and it can be obtained only by numer- | 
ous and systematic observations in the respective localities. ‘Until such 
Piteemetion becomes available, foundation designs should not be based ex- 


the most unfavorable conditions that may be created by any assumed oe ll 
irregular 1 variations in the compressibility of the soil over the area of the 


oo on any laws of pressure distribution but should also take into account — 


The settlements described in this paper were observed mostly by means of 4 ee. 
optical levelings and. observation bench-marks systems devised by Professor 
_ ‘Terzaghi,* several hundred of which were built in, and were found to be most - o 
a satisfactory in n use. ‘Their number generally varied from ten to sixty per 
A, building, depending on its area. Bench-marks of the ‘network of the Survey ae 

of Egypt served as datum in Cairo. The accuracy of the leveling results a, 

 Damages.—The damages caused to the buildings by the settlements: 
~ found to depend mainly on the radius of curvature of the superstructure, cat 
 q@teated by its adaptation to the surface of the settlement crater. This ~ole 

Es firmed previous investigations of the subject.? Only two buildings Building 
2 T and VIII) suffered damages. — The Temainder did not show any cracks, 

although some settled considerably. he in’ 
‘Thus, Building IX settled more than 6 in. with a uniform tilt to - 
F but wituout any damage. Buildings I, III, V, VII, and X had differential = 
settlements within their small area which varied from } in. to 1 in.; the long . 
Building IV had a differential settlement, between its center and its ends, 

DS _ of about 1.5 in.; the radius of curvature created by these differential settlements _ oe 
Baye was not sufficient to crack the superstructure which deformed without ae 
signs of damage. i. The maximum satilement i im all these cases varied from 1 in. a 

The radius of curvature and the differential settlement of ue I 

are not known, but they must have been considerably more than those of the 

Am. Soc. C. E., September, 1937, Fig. 42(a) and Fig. 42(6), p. 1360. 
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: _-yet, very little is known concerning the degree of this uniformity for different ~ a 4 
types of soil deposits in various localities. Furthermore, records from three 
or four, or even from a dozen, buildings in one locality cannot be considered & 
sufficient for the purpose of establishing rules for actual designs. Much 
— 
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= in proportion to the greater maximum settlement this 
at Numerous cracks were 2 observed, mainly in partition walls. — ‘These cracks — 
were particularly pronounced at the corners of the building, which, in accord- _ 
“ ance with the theoretical stress distribution, should have a tendency to settle 
less than the center of the building, severe stresses | being created thereby at 
ee the corners in the superstructure. The inclination of the cracks supported ‘ 
The old rule-of- thumb—“strengthen the corners’—should be recalled 
“as this connection and, if correctly interpreted, should refer only to the super. 
structure. Some engineers understand it 2 as ‘meaning that more piles s 
be « driven or that smaller unit pressures on the soil should be used at the — 
This would have an opposite effect to the one desired, by still further 
ee increasing the difference of settlements when structures ¢ are founded on hori- 


Building T was also strongly cracked as a a result of its’ large maximum : 
settlement (10 in.) and of large differential settlements. ~The separation ofits 
oe parts | of different heights and weights, by means of « expansion joints, ‘remained a 
= . totally ineffective. In this connection it should be noted that many older 
buildings have been damaged i in Cairo when situated partly within the limits 
: of the settlement crater of the adjoining new structures. Harmful effects of — 
a. the settlement crater were noticeable even when the older structures were 
separated from the new ones by a free space of 6 to 12 ft 
; ~ = 0 Future Trends. —The influence of the settlement studies on the new trends 
es Ea of local engineering practice was considerable. In 1934, previous to or ine 
oe a Sa these studies, the height of buildings in Cairo did not exceed eight or ~~ § 
= + stories. _ Some of them suffered damages, but opinions were strongly divided 
as to the causes. The observations of the Laboratory provided logical 
planations for most of the known facts, disclosed many new ones, 
many erroneous conceptions. In particular, the observations showed how 
strongly settlements were reduced when the loads of the structure could be 


deeper sand ot in a manner not endangering their state 0 


xe cor few engineers now go to the other extreme and maintain that the loads se 
- all structures should be transferred to sand by means of long piles. This “a 
ignores considerations of economy and, therefore, is just as 
_ as the previous local antagonism to long piles because of their excess cost. 
ake observations disclosed the total weight of of different types of structures 
which could be safely supported by various successive soil layers. ‘Asat result 


- and, therefore, more justified economy becoming possible for their designs. 


‘ae settlement observations of full-sized structures are the . the only e 


for accurate data or on the actual behavior of 
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™ j. driven into the sand) of ten, twelve, and fourteen stories was started in rapid we 4 - the 
With 
dev 

q Smaller structures also benefited from these observations, greater assurance 4 
be. 


and also concerning the soil on which they were In 


‘3 


respects present- -day laboratory testing methods and procedures of foundation aa 


design are still in need of correction and of development through comparisons 

with the results" of such full-scale observations. Results obtained 

observations in one locality are not necessarily valid in other localities. u -There- — 
fore, such ‘settlement s studies should be undertaken i in all large —— 


n done 
largely because individual efforts are inadequate as stipend the scope a. 
magnitude of the work tobe performed. 


required large seale of such studies necessarily calls for a co-operative 


in their Organisation. To be scientifically effective these studies should 


i 
— their co-operation. . The studies in Egypt described in this “paper 


pe ~ show that such a , plan i is feasible and can be made successful in practice. OWT | 


pay he writer wishes to support given the Egyptian 
Ef Government to the investigations described. He also wishes to express a 


= acknowledgments to the persons _who have facilitated the development of ee 4 


these se studies: To Hussein Sirry Pasha, “Minister of Public WwW orks, Egyptian 
be Government, under whose instructions and direction the first scientific settle- a: ae 
investigation in Egypt was made; to Professor Terzaghi who had first 
systematic settlement on full-sized structures and who, 
¢ through personal contacts, contributed many valuable new ideas and i veil 
tion; to Dr. Andreae,’ former Dean, Faculty of Engineering, 
i University, for his support in the organination of the new laboratories; t 
4 Dr. W.S. Hanna, Head of the Foundation Soils Research Laboratory, Beyptian 
RS University, in in close collaboration with whom most of the work described was 
_— donet and to whose courtesy the writer is indebted for data concerning the 
E continued settlements observed during 1937; to Dr. F. E. Relton, Professor 
oe Mathematics, Faculty of Engineering, Egyptian University, for his help in 
treatment of some mathematical problems; to Kamal Khalifa Effendi, 
former Research Assistant, Foundation Soils Research Laboratory, Egyptian © 
‘ University, for his assistance in making some of the borings, tests, and compu- 
a tations; and to ‘many engineers and architects of Cairo, and of the Provinces, — i 
without whose: co-operation this could not have been 
= es ag * Bulletin No. 1, Soil Mechanics and Foundation Research Laboratory, Egyptian Univ., Faculty + 
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DISCUSSION. 


ae decade of research on the problem of the stresses and strains occurring beneath — 


foundations has done much to consolidate the current theoretical knowledge of 


ee the subject. a In the matter of large 1 non-rigid foundations on certain t of & 

ypes 

4 soils, for instance, it is now quite generally recognized that differential settl 

Professor Tschebotareff’s contribution is to put in the record important 

differential ‘settlements of a number of structures built on clay and silt, His 
large cities. This conclusion deserves wide recognition. 
i: It should be understood, however, that such knowledge will be of wismate! 


fa value only when methods for preventing such settlements have been developed. — 


aa Two methods for doing this may be used: (1) By designing the structure with 
sufficient rigidity to sustain the stresses induced by the unbalanced footing Bi 
ae loads; and, (2) by treating the foundation soils in a manner to offset their 


due to compression, consolidation, and plastic flow. ‘The former 


« 


10 
been consciously done in at least one case® 


; latter could undoubtedly be done by the principle of “ mudjacking, 
“used in re raising sunken highway pavements. ‘may be be that at 

future time ‘mudjacking” pipes will be be e: extended deep into the 
7 an during construction and specifications will demand that, over a period of a 


_ year or two, the contractor restrict the building settlements to certain limits. 


Trent R. Dames JUN. Am. Boe. E. (by letter). -The most significant 

_ single statement in Professor Tschebotareff’s paper is his conclusion that “Re 
sults obtained from observations in one locality | are not necessarily 1 valid i in ig 


other localities” (see heading, “Conclusions”). ‘This truth deserves more 
i emphasis than it has yet received and is a fact of which any one engaged in a 

— dev eloping general theories in the new field of Soil Mechanics should be always pi 

| 


as Most of the new theories are the result of studies made largely on the glacial — 


clays of Northeastern United States and Europe. Several years: of effort on 
he part of the writer | and an associate, Ww. W. Moore, Jun. Am m. Soe. C. E, 
to apply many of them without modification to problems involving the founde- #5 
_ tion and embankment soils of the semi-arid regions of Southwestern United eee 
States have, in general, ‘met with failure. Different factors assume importance; 


soil tests desirable; and different of seem 


— * Asst. Civ. Engr., City Engr.’s Office, Detroit, Mich, si 


Economics of Rigid Frame for Building Foundations,” Kimball R. Garland, 
= Engineering News-Record, September 26, 1935, p. 427. er” 


and Moore, Los Angeles, Calif. 
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Believing the soils of the Nile Valley to be somewhat akin in character and 
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raises ‘some ‘questions. as to testing The liquid and plastic 


limit tests admittedly “illustrate the potential properties. of the basic soil 
material in a disturbed state” (see heading, “Results of the Settlement Studies”), 


and accordingly have value for such purposes as routine tests for highway s sub- Ss 

grades. _ Their value is questionable, however, when they : are applied to founda- . 

tion soils which, in most cases, are used only in the undisturbed state. Theuse — 
2 of these tests to subdivide “silt” and “clay” is novel to the United States where — 


a division based on mechanical analysis i is popular. £3 Both methods are : cumber- 


oy some and difficult of ready application; and a flexible classification based on oe 


| appearance, texture, and local behavior has been found equally, if not more, bts 


efiective. For foundation purposes, the effort spent on on these and similar tests 
Aa might better be applied to more thorough field explorations and on tests which 
describe the behavior of undisturbed soil under load, as, for example, shear and ; 


consolidation tests on core samples extracted from the ig’ 


accuracy of the taken is not to “close the case” and 

- justify this condemnation. Admittedly the load test, as , generally performed, oe 

oud the picture and frequently breeds false security, but when properly c con- 
ducted, it is a valuable aid to the foundation engineer. In the case in a 

: itl the test area and water tower can be assumed to settle roughly in hogy 7 
to their diameter (no data on which to base an opinion being available), the 


= of the test area during the of test pated), 


‘all stots 
chosen carefully, not at foundation The increments 
~ load should be kn known to within 5%; the settlements should t be measured | (for Be 
test areas of, ‘say, 2 sq ft to 10. sq ft) to 0.001 in.; and sufficient time should be 
allowed for the test footing under each increment of loading to achieve equi- had 
librium. The shape of the curve is frequently of more importance than the re s 


apne the settlements, and it indicates to the engineer who is familiar ae: 


he with i its interpretation many characteristics that no laboratory test will describe. 
‘The author describes the errors | in computed settlements resulting from alee 
ad ‘eomovressi d elling cla d ie 
sis. ependent on compression mn tests 1 ma e on swe ng ¢ ays and silts that 


an experimental ratio which the settlement ‘computations may be 


to predict the settlements of a structure more accurately. (The 
- adjustment of settlement computations by means of a ratio obtained in this a 


_“ Manner frequently formed part of the settlement computations reported ae 


ON SETTLEMENT OF STRUCTURES vw 
enter this discussion and contribute what he has been able to learn of the be- 
havior of soils of reasonably similar geologic background. This discussion will 
take the form of certain comments on the testing methods and the advancing 
_ alternate interpretations of such settlement data as the author has found it 
By 
BN, 
3 
— 
: 


= Settlement Was Observed as a Result of Excavation” (see tending “Results of 


- the three years of record, but no data are introduced to disprove the eed 
a premise that this structure would have settled more than 1 in. if founded ; at, or ia; 
near, the surface of the ground. Comparison with the only other building — 
founded on soil 2 000 yr old (Building I) is futile because, in this case also, ; 
7 ee 5 i moderate excavation was resorted to and more particularly ‘the soil had w un- a 
ee _ doubtedly been pre-stressed by the considerable load of the old water tank, the — 
we bottom of which was utilized for the foundation of the new ‘structure pre ae 


Of the 800 yr old, Ill footings and is is 


4 ft; and py unit | loads on ‘the foundations are ihe same. The settlements 2. 
i | surface, are more than three times 
those of Building II, founded at a depth of 18 ft, and occur during a 
a ,. Another mat of similar size, that of Building IX, founded near the surface 
and underlain by the same quantity of compressible soil as Building IT, settled 
2 six times as much under one-half ve unit load, or a factor of 12 to 1. The 
a% “uppermost ‘silt underlying Building X is stated to be about 100 yr old, and the © 
_ lower soils are of more recent age heat those under Building II. _ However, in 
the absence of tests of the compressibility of these recent soils, it would seem _ 
nwarranted to assume an average compressibility coefficient in one case of 
welve times the other, particularly when the proof of the case against excava- 
tion asa means of reducing settlements rests on such an assumption. 
Building III, Figs. Sand 4 —The settlement of Building III at an undimin- 
4 ae rate from the middle of 1935 through 1937 would seem to warrant te 


attempt at explanation. On many California soils such a settlement curve 

a would probably indicate that incipient shearing failure has occurred, and that a 

‘a ‘moderate degree of plastic flow of the overloaded olay: from beneath the spread 2 
‘foundations of this structure is is ‘occurring. 


Building IV, 5 and 6. was discussed under Building 


at least in ‘part, by shearing and the plastic flow 


~ over-loaded soil from beneath the foundations of this building. vay x 
rips 


- Building Figs. 13 and 14. —For convenience of discussion, Buil ling 
ai will be considered before any of the other buildings on pile foundation = te ie 

writer is unfamiliar with the type of piling used in these Egyptian structures — 

— it is seldom, if ever, used on the Pacific Coast of the United States. _ For this 


ite se reason he will have to assume that the diameters of these piles (w hich are not 4 


Lick 


of the.« driven or 2 
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, Zz et Building IV so nearly cover the area as to approach a mat in behavior. A = clu 
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The in individual piles of all of the buildings described i in this paper s seem ee wi 
heavily loaded than the soil conditions warrant. _ Tests of the : shearing : strength i. if 
of the soil which would permit a determination of the load at which individual = a 
a piles would | begin to penetrate the soil about them are apparently not available. 
_ ‘The load tests presented in Fig. 14(e), howev er, r, most certainly indicate that — 
i p= penetration is occurring at loads in excess of 40 tons, possibly even fe 
- lower loads, the settlement scale being too small to describe t the shape of the — ms 
curve below this. point. On several occasions the writer. r has found that the 
: point at which the curve of a pile load test departs from an approximate straight = 
a line agrees remarkably well with a determination | based on a summation of = ‘a 
cireumferential area of the pile times the shearing strength of the soil penetrated 
and the bearing on the pile point. The spacing of the piles when grouped in iy 
= 
q; clusters i is not stated, but if it isa at all similar to the practice i in California they 
te are so close that the ‘dreumference of. the group times the shearing strength of 
thes soil will give a lower value than 40 tons per pile f for the load at which pene- _ 
& Additional support for the belief that the settlement of Building Thasbeen 
largely the result of individual pile failure and not due to the compression of the és. 
ee 10 ft of dark clay between the pile points and the sand is furnished by the follow- 
ing reasoning: This dark « clay i is stated to be more than 800 yr old and to have — 
been subjected to compaction and ¢onsolidation by the repeated drying and 
ooding | by the River er Nile through the intervening centuries. . Accordingly, 


ee compression coefficient for stiff brown clay (0.007) is reasonably representa- a 
a of this material and not the value given for plastic ¢ dark clay (0.070), which, — 


i i in the absence of test data on either Fig. 13 or 14, was presumably obtained by 
working backward from the settlements of the structure. Using the value of et = a 
the compression | coefficient (0. 007) the maximum load of 17 tons per sq m 


in the clay layer becomes 12 in. leaving the remainder of the 10 i in. of settlement 
Py recorded to date to be attributed tol individual or group pile penetration. cae * 
Building V, Fig. 7—The piles in ‘Building V are more moderately loaded 
than those in Building Tr, but in view of the 800-yr age of the soils beneath the — 
PS ome and the magnitude of the settlement (2.5 in.) to the middle of 1937, about 
one-half the } present settlement may ay need to be explained by penetration of 4 
b - the piling. . If this is true, this building may continue to settle appreciably for Sa i 
aL Building VI, Fig. 8—The average load of 64 tons per pile seems ms excessive, er. 
even when the 6-ft to 8-ft penetration of the 27-ft piles into the very fine sand a ; 
isconsidered. The shape of the time-settlement curve and its failure to quickly — a 
_ become horizontally ‘asymptotic would indicate that shearing failure and -—. es 


of the soil is occurring. The attribution of any appreciable part of this 
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“oes hot seem reasonable. in view of its shearing rigidity being necessarily 
a considerably less than that of the sand, the brown silt layer could scarcely have | 
_ § _ deen carrying any large proportion of the total load at any and, in the — 


years this 12- f t or 13- ft layer eould scarcely have 


would hazard & guess that the continuation of the settlements may be aie r oe 
by elevator or r traffic vibrations transmitted by the piling to the over-stressed : 
ae sand. Similar examples have come to his notice in the case of buildings — 

+ founded on sand which has been over-loaded | by the foundations. A building i 


oceupied by a publishing ‘establishment showed visible distress only in the 
vicinity of a heavy press. In some buildings cracks have been observed only _ 
in the bays immediately adjacent to the elevator shafts. 


2 


and apparently wotild receive any large proportion of their | support 
from the less than 100-yr old silt and clay deposits above e the sand, the pro- bi 
irregularities of settlement cannot be primarily the result of irregulari- 
_ ties in the compressibility of the soil. Vibrations are again hazarded as a Ee 
possible explanation. Included i in this category m' must be considered any vibra- — 
tions that occur during the | placing. of the piling during construction. 
Fe: _ example, the state of stress in the compacted and densified sand under the first ae 3 
* piles to be placed might have been released by vibrations occasioned 1 during oa 
the placing of subsequent piles. ‘The r remaining three > buildings a are similarto 
: ae the writer has taken a different point of view than the author and % 


— 


ree 


= has taken every opportunity to present and advance a different interpretation 
of the data, he appreciates, thoroughly, having had the opportunity to pig 
such a comprehensive paper al and | believes that ‘Professor 7 Tschebotareff EE 


4 


4 2. 
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been performed by Tschebotarefi in presenting unusually com- 


date as to. settlements occurring with \ various. types of foundations on 
sedimentary formations under an imposed unit loading. The data, largely i in ee ‘ 
graphic form, afford a clear picture of cause and effect. Several types of foot- Sty 
_ ings are hiins with a div. ersity of soils and intermittent ground- water levels- So 
_ Of prime importance is a distinction between the relative settlement during 
construction and that t occurring later under the completed structure. ‘The — 
former i is due to compression, shrinkage, ‘and more or less elastic reaction, 8 and ‘3 
ceases when the amend is finished, or shortly —— provided the unit 
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"progressive se 


possible, i in most cases, to predict the time of ultimate cessation. » af or ae 
time-settlement curves given in Fig. 9 (Building shows a well- 
designed foundation for the situation involved, and illustrates the foregoing ¥ 
“ae eee . Loading as construction proceeded caused a maximum compress 
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HANNA ON SETTLEMENT OF STRUCTURES — Este 
gon of about 1.3 in. After the strlictuie was completed no appreciable 
ment occurred. — ‘The action may be likened to placing a load on a spring scale — ae 
which i is compressed proportionately to the applied load and thereafter Temains ey ; 
ry under a constant load. 33 ab a auld, Yor 
of the confusing information concerning settlements has been due to 
overlooking this important phase. _ For example, the Progress report of the rin 
et ‘Special Committee on Earths and Foundations, presented in 1933, pictures a 
settlement of Washington Monument from 1879 to that = 


shows that 4. 5 in. of this settlement occurred betwien: 1879 and 1885 

- during construction, which added 400 ft to the height of the shaft as completed Re ia 
‘in 1885. The remaining settlement of only li in. under a constant load during 

nearly 50 ‘yr, it must be granted, indicates a fairly stable structure, and a 
monument to the engineers who so skillfully underpinned the old foundation, — Be 
well as a monument to the hero of of 444 

be The self-explanatory diagrams may enable one to determine « offhand the 
- cause for failure or inadequacy. From the time-settlement curves for =. 

- various s buildings it may be concluded that over-loading is responsible for most cin 
df the progressive settlement. Some was due to the fact that piles did not a 
penetrate to firm material, or that they failed to distribute the load i in we ae 
_ The author states that no decrease of settlement was observed as a result of a 
excavation (heading “Results of the Settlement Studies”). a This was doubtless a 


sively at one end and remaining stationary at the other. It was supported on 
> piles driven to refusal. Rock was 40 ft below grade at the undisturbed section ae 


and 170 ft below with intervening sedimentary strata, including a a band of soft ce 
clay, at end. There were | no cracks in the structure. The 


= is worthy. of 1919 an structure was settling progres- 


‘building, the eutaide area being replaced by light reinforced cellular construc- 
| poh The load on the area was reduced about one-third before the settlement — 


- The structure has since remained stationary. ant bub 
ve fe The author states that no useful relation | could be established between 
pea load-test results and the settlement of full-sized structures. The meager data ia 
‘ given regarding the method of making such tests precludes comment as to other ius 


methods and deductions therefrom. Reference to this and other matters has 


8 (see heading, “Results of the Settlement Studies: 4 
‘Relation een in Clays as Actually Observed and as Forecast 


Proceedings, Am. Soc. C. B., May, 1983, Fig. 34, p. 818.0 
% Loc. cit., October, 1933, 1358; also, The Milit Eng ineer, Jul -Aug 8 1933, 
‘Soil } Mechanics and F Egyptian Univ., 
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until it sustains only th the weight of the upper layers. he resulting 
es of the compression curve is taken as the basis for computing the calculated — 
Buildings investigated subsequently by the Laboratory at Egyptian Uni-— 
. versity gave different results; in a few cases the predicted settlements were less a 
ae than the actual settlements; whereas in the cases reported by the author the _ 5, 5 
forecast: settlements were higher than the actual. Professor - Tschebotareff 
a tried several ‘methods, of which the foregoing seemed to fit most closely. 
Contradictory results observed subsequently led the writer to investigate the Mg 
entire problem again. . There is is no doubt that the samples of brown clay expand 
oe... hile being removed. — On the other hand, it seems improbable that the result- y 
= strains can be avoided by the process described i in the paper, which amounts 


s condition i in 


and the -non-swelling types. Therefore, the writer undertook to study the 


Ei tise and fall of ground-water level as a result of the flood. He states (see 
of the Settlement Studies: Ground-Water Level’’) that “A 
a effect on the time-settlement curve [due to the variation of the igh 


the pronounced ef effect on some curves of the annual 


subsoil water level during the yearly flood season] was s observed only when the 
rise of the ground-water level coincided with the period of construction and 
when the seat of settlement was located in a deep, dark, clay | layer” (words in “e 
brackets are by the writer). - On the contrary, the writer believes that the effect pt 
is mainly due to the upper layers traversed by the rising water, which consists a 


generally of the brown clay. The reasons are briefly a as follows: 
(a) The decrease of pressure on the deep, dark clay, caused by the buoyancy i . 


: decreases the specific weight of the layer through which the water 
flows; but the specific weight is increased as a result of the increase in the =. 
content. ‘The actual weight of 1 cu m of brown clay, below normal ground- 
.. water level, is 1.65 tons; but it weighs 2.08 tons during the flood season, wi when 
weighed after it has been disturbed. Except in its undisturbed position in the 
4 immediate vicinity of the river, tl the maximum rise is 2 m. . In such cases, 4 
therefor, the maximum reduction in pressure as a result of buoyancy is 2 
_ es 2 X 0.057 = 0.114 kg per ‘sq em (233 lb per sq ft) - When part of the period of 
gq a a _ construction coincides v with the flood period, the increase in pressure due to the 


Eigen of the meine: ranges from 0.4 to 0.8 kg per sq em of the area of the 4 


ee _ HANNA ON SETTLEMENT OF STRUCTURES 
on the Basis of Laboratory T Briefy,-the peocess inwolwes 
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effect of confining the sample in the odometer. Furthermore, there is 
erable difference in the compression curve of undisturbed local claysand sw 
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. _. = the author’s statement that the method described in the paper has proved ae Ere 
| SUCCESS cannot be considered final. = ew 
the 
— 
fou 
— 
— tre 
the 
ist 
| * 
anc 
= 


thay 


building (817 to 1 5 Ib per sq ft) . Of course, these do not 
the component of the increased pressure on the deep layers, but they furnish a as me 
; is of comparison. In computing the buoyancy, furthermore, full upward : Rats os 
pressure has" been assumed, which is: impossible in the case ‘of 
Lg + ye (b) In most cases the layers through which the flood water passes are ie ane “a 
brown clays, which are either stiff or soft and silty. The stiff clay, i if permeable, 
exhibits strong swelling tendencies when placed in the odometer. This is not 
swelling, because the has had sufficient freedom to swell com- 


p Geeien of water from the porous s stone when it is rinend in the ‘odometer. 
_ The writer conducted ‘several 1 tests to study the effect of the > swelling due : 
to absorption. The pressures required to return ‘the 12-mm sample to normal, 
when sw elling o occurs under the weight | of f the piston alone, vary between 0.18 } a 4 
es and 0.30 kg per sq em (368 and 613 Ib per sq ft, respectively). 4 Therefore, it is ;. a aa 
f ; safe to assume that, where such brown clays are reached by rising water, the — ag 
"swelling of these layers reduces the | Pressure 0 on the layer above them and, 
"probably, to a slight degree, on the lower layers (this i is a mere assumption). a. °o 
_ When the water recedes and the soil retains its normal water content, the nt Vs 
resistance disappears and the resultant: pressure on the upper layers is 
increased. This explains the reduced rate of the time- settlement 
curve during the rise, and the increased rate, during the fall, water level. = 
ue Furthermore, it is a known fact that most old houses settle : soon after the og = 
ground-water level beneath them has been lowered. The slight movement of 


‘ the building when it responds to the swelling of the soil seems sufficient to crack 


: its walls. Most of these houses have bearing pressures not exceeding 0.3 kg 


_“~per sq cm (613 Ib per sq ft) and the ‘mortar, which was originally of a a “4 


As compared with dark clays the brown relatively little affected 
remolding when tested in the unconfined state (see heading ‘Results of the 
- Settlement t Studies: Not All Clays Are Unfavorably Affected by Remolding” ’); ae 
: and brown clays, of the ‘same origin as those found in the interior, have been Bat” 
_ found near the sea. This brown clay is very remoldable. Furthermore, ex- ied ) 
tremely silty types. of it, which are very stiff i in the natural state, erumble under 
the smallest pressure when remolded; and, ‘both the brown and dark clays bee a 
2 strongly affected by remolding when tested i in the confined state, a case which air = 
a is not observed in samples of brown and dark clays found in the interior. It a 
Lb would be quite interesting, therefore, to learn whether similar behavior in clays — “a9 = 
deposited under saline water has been observed elsewhere 4 
_ The writer agrees entirely with the author’s statement (see “Results of the 
Ae Settlement Studies: Efficiency of Devices for Taking ‘Undisturbed Samplers’ ” ee a 
og that in the swelling types of clays, uninterrupted lateral confinement becomes rus og ‘ 
essential for all stages until it is placed i in the odometer. Some time ago ee re 
eR writer experimented with a , special ring that can be | fitted both to the samples — 
and to the ‘80 that the soil sample can be tested without 
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seemed to be about 100% i in the clays most affected . This means 


that the investigator mu: must search elsewhere for the explanations « of the difference Nad 
: (in some cases of more than 100%) between the actual values of settlements and i: x ‘a 

_ the values based on the odometer 16 ot 


17M. Am. ‘Soc. C. E. letter) —The ‘importance of 


“a settlement observations on full-sized structures has often been emphasized. ey 
literature. The paper by Professor Tschebotareff is a valuable con- 

Two Cases Cz Settlement Discussed. —Before examining | the interesting col 
eee lection of settlement contour lines presented by Professor. Tschebotareff, the ; 
writer wishes to express some general thoughts on the shape of such lines. “Two ana 
- different cases will be distinguished : Case A, in which the structure, or the tips i oo 
of the piles supporting it, reaches the top (or nearly the top) ofa compressible 
rs layer; and Case B, in which the compressible layer is at a considerable depth. ‘ 
of the structures discussed in the paper are examples of Case A. 
Settlement in Case A.—When the compressible layer is more or less uniform — 

a and is sufficiently thick, it appears first that it may be considered as a een 


which: 80 = at a given point; P= load; r = horizontal distance the 

from the load P to the given point; = ‘Poisson’ ratio; and = modulus 

However, it is difficult, and impossible,” to. determine the elastic 

of the given earth material in the field. Furthermore, the settlement 3 

of a clay ‘deposit i is due also to the load ‘Squeezing moisture from its pores 80 

4 the actual settlement is many times greater than the computed value. 

i ee An assumption can be made, however, which is of the same order of accuracy =i cA _ 

a as assumptions made in the theory of consolidation; namely, that the actual ee 

value of the settlement to be expected is to the value of 8, 

computed using Equation (2). In other words, the settlement is proportional | 


values of the expected settlement can be computed easily. Let 80 ‘and 


represent settlements at two different points of the ground surface, as 


caused by load P; and, let r’ and r” represent respective horizontal distances 2. -2 


Research Associate in Soll Dept. of Civ. ‘Yale New Haven, 
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INE ON SETTLEMENT 


that “elastic settlements at two different points of the ground surface 
inversely proportional to their horizontal distances from the load. 


values of elastic settlement at any point of the ground surface, as caused by a Be 
a 
uniformly loaded area of arbitrary shape, can be computed, even in complicated s 
2 cases, by using the method of graphic integration. W. Steinbrenner has ee 
analytical formulas and has poreeret tables of such settlements in the eRe 


2... It should be noted, however, that Professor Terzaghi advises that the Re 
settlement of shallow layers as described under “Case A”) be 


poy the same manner as that of deep layers’? ; . and Professor Tschebotareff follows 


. Settlement in Case B.—Should the compressible 1 layer occ! occur at a considerable 
P depth, its consolidation is attributed to , the action of the e vertical pressure, -— 
which i is computed using the well- known Boussinesq formula. The distribu- 
tio @ ay a’, of the compressible 
is given in the form of a curve, @aoa’,in n Fig. Asimilar distribution occurs 
on any other horizontal plane of the compressible layer ; as, for instance, at i. 
bottom (Section bb’, Fig 15). All ordinates of the distribution curve 
traced at the bottom of the layer would be smaller than those at the top. ee 
Consider a vertical section (or umn, Fig. 15) of the earth mass. Plotting 4 
hen pressures, Ps, at different depths of this section as horizontal sedlintea,: it 


curve, 0s w pq, would be The shaded area, mp qn, 
ae by a coefficient depending on the compressibility of the layer in question eh 4 
‘specific loss of moisture 


final settlement at Point o. It is in this that a co 
earth such as o m or tt’ settles independently of the remainder of the a Bs a 
ale and that, in sinking down, it does not undergo any change of volume or 7 2 an oe 
food In other words, soil deformations above the compressible layer a a’ b’ b 5. oe “ae 
= 15, are neglected. The soil above the compressible layer is thus assumed _ * 
to be deprived of shearing resistance. p Silt 
should be noted that the Boussinesq formula for the vertical pressure 
% oussinesq formula for the vertical pressure Me 
$ does not contain the elastic constants E and yu; hence, it is valid for any ee AS oe a 
“4 last Le Were the entire mass made of clay, or 
oof steel, or of some other homogeneous material, which could be considered - 
- elastically i isotropic, Boussinesq’s formula for the vertical pressure would furnish 38 


Tafeln zur Setzungsberechung,” by Ww. Steinbrenner, Die Strasse, Vol. 1 (1934), 


7,“ Theorie der Setzungen von Tonschichten,” by Charles Terzaghi and O. K. Frohlich, _ 
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fairly satisfactory r results, regardless of the type of material. Its use 
~ questionable, howeve er, in the case of a compressible layer, since there is dis- 


a continuity at the top of the latter, and the material is no longer homogeneous. 200 a 
has been also by the the “bridging (or or arching) effect” 


| 


asand or gravel layer which overlies a compressible clay layer. According 
ae to the latter view, the load applied at the earth’s surface is spread by the inters 
- mediate sand or gravel layer so that the magnitude of the stresses and their ‘a 
distribution i in the lower compressible layer are thus modified. 
Settlement at a Considerable Depth as as Caused by a Loaded Area- —According 
j to Saint Venant’s principle, stresses at a point within a body remote from the : 
Surface where a system of forces is applied are practically the same as those 
i, he caused by the resultant of that system . Hence, stresses and strains in a deep 
compressible layer are practically the same as those caused by the resultant ee . 
fof of the forces acting on that area. It is evident that stresses thrown to the ¥ / 
ata ‘compressible layer in question : should be practically s sy ‘mmetrical with respect — 
ae to the vertical line of action of force, P. In other words, the set of lines of equal es 
i oe settlements at the earth’s surface should approach a set of concentric circles if 4 
a. the seat of settlement is at a considerable depth. - Professor Tschebotareff’s ei 
contour lines are far from being concentric circles, however; this is because, 


Aq 


2 I nfluence the Rigidity of the Superstructure. —Professor Tschebotere 
presents interesting comparisons between theoretical settlements in the case te 

der oe of rigid and non-rigid (flexible) superstructure, or more accurately, of the 


rigid and non-rigid base of the superstructure. striking i is the ¢ case ¢ 
Pus __* Transactions, Am. Soc. C. E., Vol. 103 (1938), 
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li in which lines sof follow the 
pressure shown in that figure, which is assumed to be rigid. Iti is important — 

~ to notice that, in this case, the seat of settlement is in a rather shallow layer. ig 
‘The writer believes that the influence of rigidity. on the pressure ¢ distribution 
a horizontal plane ‘decreases | with the depth. | This i is in accord with Saint - 
a ~Venant’ s principle since at a greater depth the values of the stresses are con- a 
Se - trolled merely by t the total weight of | of the entire structure (assuming that i 
weight i is the same in the case of both rigid and non-rigid superstructure) . In ee § 
a the same degree, the size of a rigid structure may have a certain influence on the pc a ; 
ae settlement ; apparently, the larger’ the structure, the less 1 will be the influence of = 3 
rigidity on the stresses underneath the central par art of that structure. 
the limiting case in which both rigid and non-rigid structures are infinitely pee 
- long and infinitely wide , there should | be no difference whatsoever b betw een aay 
; rigid and a non-rigid structure, since in such a case the value of the settlement 
fe would depend entirely on the properties of the earth material. ied 
Depth at Which the Vertical Be ‘Computed — “Professor 
a -‘Techebotareff computes the vertical pressure ‘ ‘at ‘approximately two-thirds the 
= - depth of the compressible layer” (in some occasions one-half that depth). ae) 
Ay sd This ‘approximation is not ph, ays warranted. In the case of a deep lay er, ah 
. such as that bounsed nr’ Plane a a’ bia 15) and Plane b b’, the area controlling 


: stance, the layer bounded by Planes I-I and II-II) the situation is entirely. - me 


Rong and the a average ordinate m may or may not be at the middle or at two- ye ag 
thirds of the height of area rswu. Professor Tschebotareff’s assumption is 


- hkdalaslty correct in the case of a shallow layer between the ground surface and a 


Coefficient of Compressibility, xX —Professor ‘Tschebotareff is to be com- 
mended f for introducing the coefficient of compressibility, X, as defined by 
aan (1), and in comparing the laboratory value of this coefficient with . 


corresponding field value. Since the value of 


a —; in Equation (1) is the 
sat of what, is analogous to the modulus of Beieann4dh that value | is = 


> is a strain and Api is a stress, so that X is a strain-stress patie. 


in units of length as is wate “— 


suthor as well as s by Terzaghi ‘and Frohlich. The latter expresses the value 


cross- is imagined to be cut from 1m thick, is 


confined and subjected to the e action stress of 


ee 


™“Theorie der von Tonschichten,” by Charles Terzaghi and O. K. Frohlich, 


and Vienna (1936). p. 24 et ual 
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m? 2 ite per sq ft, approximately), the value of v is to be multi lied b 1 000, 


nus becoming Professor Tse coefficient: 


tabulated i in the text following Equation (1). 


"expression ‘ “specific loss of moisture” et te been introduced as an in analogy of the .. 
conception ‘ “specific heat” in physics and thermodynamics. px 
ane Quite ingeniously, Professor Tschebotareff has shown that it is not necessary . ee 


_ to make a complete consolidation test if an error of 3% or 4% is tolerable. — E 
thus obtains t the valuable part of the w wasting time andenergy 

_ Conclusions.—In the five years, 1934-to 1939, the literature on soil mechanics 
been substantially increased | by observations of settlement in different 
parts of the wo tld. To the original observations in Western Europe and the 
eastern sections of the United States, observations in the Western ” United 
£5 States, in the South (Texas and Louisiana), in Mexico, and now in bo 


are added. N umerous interesting observations in Russia have b 


A: 


, ge believes that & new chapter i in the study of soil mechanics is opeiiaig. 
cei." which may be called “geography of settlement observations,” and that its fey 


adequate development i is of great importance for foundation engineers. . 
Gregory M. AM. | Soc. C. E. (by letter)—The con 
“tributions made to the problem of settlement studies by the discussers of th me iS 
paper are appreciated sincerely. The writer is glad to have the opportunity — oie 
to clarify the problems discussed d by stressing some of the data . contained in J 43 
+ the plans and diagrams, , which were overlooked by the discussers, and by me | ‘a 
plying additional data concerning the studies reported i in the paper in a neces 
age The. Design of Structures to Withstand Differential Settlements Is Quite Prac- 
—It was gratifying to note that Mr. Wilcoxen recommended wide recog- 
‘nition of the writer’ 8 chief conclusion concerning the necessity for settlement — 3 


— "studies in all large cities. Mr. Wilcoxen suggests that two methods may be 


‘‘developed” for the purpose of ‘preventing detrimental effects of differential 


‘The first of these two methods—that i is, 2 suitable preventive design 

_ structure—is quite practicable at present. However, it does not always simply 

‘merely the provision of of sufficient rigidity for the combined superstructure and 
foundation. In some special ¢ cases (such a as steel tank foundations) flexible 


matching the flexible superstructure, will give better results." 


pS 2 Asst. Prof., Civ. Eng., School of Eng., Princeton Univ., Princeton, N. J.; formerly, Resch Bagh 
- Foundation Soils Research Laboratory, Egyptian Univ., Cairo, Egypt. 


of Special Committee on Eartip ond Foundations,” Am. Soc. 
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TSCHEBOTAREFF ON oF ‘STRUCTURES: 


concrete several stories are features th : 
The construction procedure followed may 8 also be of importance. For in-— 
stance, if a low | annex is essential, settlement stresses in its ace eng may Ted 
be reduced considerably by postponing the erection of the annex as long as 
possible. Its simultaneous construction with the upper, and not the 
stories of the adjoining high part of the building may suffice in the e numerous ~ 
Z ages when a large percentage of the final settlement will have oceurred during 
The practical importance of the knowledge of the settlements to be expected © 
js not limited to cases of excessive settlement. Any definite knowledge in the 
matter 1 reduces guesswork and permits more economical and rational designs. a 
Me tok “Mudjacking’’ of Compressible Soils for the Purpose of Increasing Their 
Resistance Is Impracticable—Mr. Wilcoxen further suggests treating foundation — 
to prevent differential settlements by using * “‘mudjacking” pipes 
ar _ This suggestion does not appear at all promising. ‘Mudjacking,” as suc- we 
cessfully used in highway construction, serves to raise sunken pavements by — 
injecting, under pressure, a soil-water slurry between the relatively light con- 
& - crete pavement slab and the surface of the soil. The entire operation is similar — : 
in principle to the f requent and successful use of jacks for the purpose of raising 
es a bridge bearing and then wedging it up the distance that the pier beneath it EP oe 
: _ The problem i is different, however, if one tries to inject anything | into the e f 


oan in rocks or in dry clays, or cavities heneieale foundations i in order mora ft 
vent seepage. In plastic materials, and even in sands, this very circumstance a ‘ 
means that only some irregularly distributed and more permeable, but not be 
necessarily more compressible, veins of the soil may be given rock-like hardness. 

Obviously, this. is of no advantage, and may be detrimental where 


+ “This attempt failed, although the two solutions formed a “gel” when coming 

into contact with each other and gave a rock-like hardness to that clay when 

_ mechanically mixed with it in the laboratory. _ A further test was made with — 

— the chemical-consolidation | method in a dry, silty sand layer. — A A subsequent — 

- excavation of an injection revealed what resembled an inverted nies tree. 

trunk was only about 10 in. in diameter. Four or five branches stretched 

out horizontally, one of the branches being ‘5 ft long. Therefore, in in 

= order. to create a continuous mass of solidified, silty sand, the injection pipes 
would have to be driven at not more than 10 in., center to center, and much 
- loser j in less pervious soils. This is obviously impracticable i in most cases. _ 
General Principles of Soil M. echanics Are Valid in Any Locality. 
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in one Locality: are not necessarily valid i in other localities” to be the most 
significant single statement of paper. The writer agrees that this con- 
-_ glusion is very important and should be emphasized. — At the same time he 
wishes, , emphatically, to warn against the inference contained in further state: 
ments by Mr. Dames that mo&t of the new soil mechani¢s theories (unspecified) 
il are seldom valid except for glacial clays of Northeastern United States and eo 
_ The general principles of soil mechanics are valid everywhere. —‘dti is a fre- 
aa but regrettable practice to apply a theory, superficially, to local con-— fee 
which do not correspond to its underlying assumptions. After the 
ritable failure the entire theory i is then often inv valid without 


4 


4, 
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their nature is not but their nature or their merits 
they. cannot warrent ignoring conclusions based on a theoretical 
- _ analysis of observations. This is especially true when the observations are 3 
made under field conditions closely approximating the assumptions on which — 
= widely known theory” i is based, whereby both the field and the abowaidy 
B® . results agree as well as agreement can be expected, theoretically. To illustrate a 
these remarks the writer will examine some of the discussions of the time- és 
4 settlement ¢ curves, which ignored the effect of the permeability of a stressed 
layer on the rate of its compression. = 
as The Rate of Settlement of a Fully Saturated Clay Layer I s Governed 1 t Primarily a 
x by Its Permeability and Thickness. —In discussing Building IV, Fi igs. 5 and 6, 
Dames states: “* * * the continued, undiminished rate of settlement 
the middle of 1936 could be interpreted ; as caused, at least in part, by shearing ie 
failure s and the . resulting plastic flow of over-loaded soil from beneath the foun- SE 
x dations of this building.” An examination of Fig. 6 shows that the rate of eer 
settlement had not been constant since the middle of 1936. Seasonal vee 


— of subsoil water levels provide definite breaks in the time-settlement curve; 


be 


the rate of settlement is slowest when the subsoil water level is highest, pr ah 

mes ‘reaching: to the elevation of the foundations; then the rate of settlement i in- 9 2% 

4 eo creases as the subsoil water level drops about 14 ft. 9 The reverse should ue a At 
been the case if Mr. Dames’ interpretation were correct, because a decrease in pr 
a: ie _ the moisture of a cohesive clay increases its cohesion and therefore its shearing — a jw 
strength, simultaneously decreasing its tendency to undergo plastic deforma- 
= a tions. In the case of Building IV the borings were made at the time of lowest ae pa 
= water level and the chart of laboratory test results (Fig. 6) shows that at that = ne 
time the clay soil immediately beneath the foundation was very stiff and was of 
of a brittle type least likely to undergo plastic deformations. ar 


é the duapen lying, soft, dark day layer following the expulsion of surplus moisture * 
= show that settlements of Building IV due to that cause were still to be expected — 


ill 
during 1936-1937. _ This therefore provides reasonable explanation for them. “i 
_ Nevertheless, the writer does not deny that plastic shearing deformations may = i 


2  4*Feetors ace the Accuracy of Settlement Rate Forecasts,” by Gregory P. i 
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q ae have some influence on the rate of settlement and has pes this fact in in 


. the past.* On deep lying, fully water-logged, clay soils, however, this cause a G3 = 
§ 4 is likely to be of any relative importance only after the settlements due to the i a 2 a 
expulsion of surplus moisture have slowed down almost entirely. The results 
Bes of further-continued observations may disclose whether this is the case for any 
of the buildings under ¢ discussion. _ The only case ase reported ir in this paper where Fry ; 


‘it might be attributed to the effect of gradual consolidation of the overlying - 


layers and to the resulting decrease in the frictional support they temporarily 

48 is. vided. _ Mr. Dames misunderstood this to mean that the silt layer was believed a, 

to be consolidating u nder its own weight. Undo ubtedly this is most unlikely. 
‘3 bs The writer referred to consolidation under pressures from the building trans- : “e a 4 
a be a _ mitted by the footings which capped the piles and by the ‘relatively high skin Re 4 
The writer agrees that gradual plastic ‘shearing deformations of both the: 
. _ silt and the sand (as suggested by Mr. Dames) may have been equally or even * ea 
important than consolidation in this one case of Building VI. Further- 
dy more, the possibility of some small, plastic, shearing deformations is not entirely 


_ excluded i in the cases of Buildings II and III, but a much more likely explana- fia 
; tion is provided by the action of the repeated variations of the live load. The — 
as 4 total pressure on the ground surface beneath Building II is decreased by 20% 3 ms a 
and then increased by the same amount twice every week. Asimilar but daily’ 
fluctuation of about 10% of the total pressure on the ground surface occurred — a aa 
E3 beneath Building III in the zone of Points 26 and 28 under the balcony of that ‘ 
_ movie house. It was only these points which showed any noticeable continua- = 
z tion of the settlements, whereas Point 1, with the same unit pressure on the — Ey. a 2 
ae surface of the ground, but so located that the effect of the live load variations 
— would be relatively small, showed ef a negligible continued settlement of 
Mr. Dames mentions vibrations as a possible cause »for continued settlements: ~ 
but they could not have been of importance in this casé. No machinery was | a 
| = Bi None of the lifts of Building T functioned until 1934, none of them 7 at . 
was located in the zone of continued greatest settlements, and no cracks were 
to be found near them. Street-car lines and an otherwise busy thoroughfare a 4 


— next to Building T; but this thoroughfare ran east and west along the >; 


Fy 


buildings it may be conclnded that. over-loading i is responsible for most of the 
Te progressive settlement. ad This statement appears to be due to his belief that a 
; ot “due to compression, shrinkage, and more or less elastic reaction, = 


_ *** ceases when the building is finished, or shortly thereafter, provided the a a 


— 
2 ae: importance thus far is Building VI (see Fig. 8). The writer stated that the — Saag 
panae of the cont e ment was not clear and ntatively 

j 


It can be demonstrated e easily in any soil that 
-—ss—ssébellief is entirely without foundation, in so far as the compression of clay soils = 
} con concerned. The compression of a fully saturated, confined, clay sample 
- he’ never occurs instantaneously after application of the load, no matter how small _ 4 

%. ae - the load increment i is; and it can be extremely slow for very impermeable clays, ie 


the United States have been tested ron the writer at Princeton University and 
a not shown any behavior, in this respect, different from the soils of Central _ 
< pet , = or Northern Africa. In all cases the permeability of a saturated clay cae 
exercised | the most important influence on the rate of its ts compression. (ia > 
relative influence of other factors may vary and will increase for more pervious — 4 

ee or only partly saturated soils; but for fully saturated clays this influence miter 


oe. 0.4 tons per sq ft on the surface of the ground, This pressure cannot ae 
galled anything but @ conservative value for any soil, and it could not have — 
_ been reduced further for the continuous mat of the building. The phenomenon 
ee continued and gradually decreasing settlement of this building is fully ex & 
Fe plained by the gradual expulsion o of water from the compressed voids of the silt ie a 

= - and clay beneath the building, whereas “overloading” certainly does not offer 
any explanation. se settlements of this case almost ceased a year after the 


at. - end of the construction, as ; should be expected because of the relatively thin 
compressible layer (20 ft). a thicker layer they might have 


me tas Soil Exploration for Foundation Werk, and Soil Testing Procedure for Engi- ee 
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oe es and liquid limit tests when they: are related to foundation soils in the undies 
- ee turbed state, , but overlooks the fact that nowhere in the paper were the plastic ° a 
es and liquid limits reported alone. In all cases a curve for each of these limits — 
Sean was plotted along the entire depth of the boring, side by side with a curve for 
the natural water content (in the undisturbed state). The curves for the com- 
ee = pressive strength and the strains at failure, both in the undisturbed and in the 
remolded state, were plotted also. Any one of these tests is inadequate, if 
= taken by itself; but it supplements the others so that, taken together, they give x 3 
good idea of the undisturbed nature of the soil ool 
_ The writer has a strong distrust of the sufficiency of descriptions of “appear- 
: ance, texture, and local behavior,” as suggested by Mr. Dames, unless they me 
accompanied by reliable data fixing the definite soil properties numerically. — 
Such terms as “hard’’ and “soft’’ or “plastic” and “ ‘semi- “plastic” ‘mean 
Shear and consolidation tests are undoubtedly among the most importa 


q but they require so much time that in most cases it is not possible to perform — 


them as routine classification and exploration t tests. They then must be 


a formed on a few selected samples only, | as Was peel in Egypt. It should be 


_ mentioned here that, tested after complete disturbance, followed by full con- — 3 
at a rate of application « the foves to one- 
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of ofthe 7 load per minute, both the dark and the brown clay had approxk 
hy mately the same value of the angle of internal friction (20 degrees). ni! Only the = 


cohesion varied. d mottod sdf ia a0 a 
‘The unconfined compressive-strength test on undisturbed samples extracted a. a 


from borings was chosen as & routine test because it gives a direct measure of pak 


— 
4 


. the cohesion of the soil and therefore of its shearing strength i in the undisturbed er, 
state; at the same time, it can be performed much more rapidly thana properly | 
~ eondueted shear test. The strain at failure was given because it showed whether . a 


ae undisturbed material was plastic (20% strain being taken as failure a: 


plastic flow), semi-plastic, or brittle. The natural water content, given to- i: a) 4 
_ gether with the plastic and the liquid limit, also illustrates the state of f plasticity — 4 ‘ 

a the undisturbed soil. gem dois  zosia ag 
_ Initself, an indication of the compressive strength in the undisturbed state 


3 insufficient to identify a soil unless supplemented | by an indication of the ae 


content or of the liquid limit. e the compressive strength has a low. y value, 1 
the liquid limit serves to show whether this is due to a low clay and silt content — 7 al 
and to the resulting low cohesion (low liquid limit and low natural water con- — ‘ae 
ag nt) or to an unconsolidated state of the) undisturbed clay ‘material “wl 
limit and high natural water content), | | 
Some modifications of this method of soil exploration may naturally 
ie desirable when dealing with other soil conditions. _ For instance, for soils that 
+ are permanently above the ground-water table, the indication of the volume, : 
a in place, may become desirable in addition to the water content. For sands~ 5 “a ie “a 
sandy silts, all laboratory tests could be replaced, usefully, indications 
_ of the number of standard blows Per foot required te: down. a standard 


2 method which the writer developed for work i in Egypt is particu wely 7! 


adapted to conditions similar to the ones encountered there—that is, for the 
exploration of foundation conditions on cohesive soils beneath subsoil water 
devel. _ Its practical advantages for such soil conditions appear to be recognized _ 
£ ‘in the United States, since a similar method was used for the classification of . 
along the Chicago subway.” Ot} gni dood uf yarn 4 


‘ “load tests. No indiscriminate condemnation’ ‘of such tests was contained in the Ps 

k es; but, ‘in suggesting load tests “not necessarily at foundation depth, tee = 4 

* _ Mr. Dames overlooks the fact that load tests are more unreliable than ever at ie 4 
RS 


elevations below subsoil water level. The excavation of a sheeted test pit to 7. i , j 
reach the layers likely to ) provide the “‘seat of settlement” (for ins stance, the “2 q : 
dark clay) would have been entirely impracticable for the cases reported. . It ae 


dark clay approaches very closely, and sometimes even exceeds, the water ‘ 
& ‘content at the liquid limit. When a boring was stopped for the night in a layer gia 


ee a may be seen from Figs. 2, 4, 6, and 10 that the natural water content of the : 


of dark clay or silt, one would very often find, in the morning, that it had been aa 


_ squeezed 2 or 3 ft up inside of the 6-in. steel casing of the bore hole. This would Bx ‘A 

“Soil Check Chicago Subway Work,” by Ralph B. Peck, Jun. Soc. C. E., Engineering 
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despite the fact the casing wie filled with: water tothe 
_ very top in order to more than counterbalance any possible hydrostatic ic uplift 


- therefore, was caused only by the w weight. of the overlying soil layers and of — 
hy buildings in the vicinity. Short of using pneumatic caissons, in most cases 
_ there would be ‘no way to make a load test on the dark clay in its really. un- 
be - disturbed state. e Because of their high cost, pneumatic caissons have been used 


in Egypt only for some of the largest bridges. 


oo Mr. Dames advocates tests on footings of different sizes. Several semi 


= _ Meggitt theories have been developed for the | purpose of estimating the settle- 


- ment of a full-sized structure from data supplied by several test footings of 3 


latin sizes. However, such estimates may be successful only when all the 
: . compressible layers can be reached by excavation and tested, and when each 
ee these layers is homogeneous, horizontally, beneath the entire area occupied | 


= the building. The numerous records from different localities examined by se 


the writer tend to show that a naturally deposited soil layer with such a uniform 
degree of compressibility may be more in the nature of an exception than arule _ 


and that non-uniform soil deposits near the surface are at least equally frequent. 
6 Fig. 16 illustrates an extreme case in point and gives the results of load ae ape 


possible dial to ‘tack sugested but 


tions of the necessarily long cantilevered supports, as well as other factors i 
preclude an actual accuracy exceeding 0.01 in. when observations are made over a 

4 ; S It may be seen from Fig. 16 that the results s would have been very embar- 
_-Fassing to any one who intended to use them for any estimates of the type 
by Mr. . Dames. The footing (10.8 sq ft) settled slightly more than 
‘There was no opportunity for the advantageous use of soil load tests in any ie 

of the buildings described in the paper. Such tests can be applied only for oy 
testing surface layers above subsoil water level, 4 providing information 


that is seldom even of a limited practical value. In the few: cases when it does eo 


_ have some practical value, the writer believes it . preferable not to use footings i 


* a different sizes, but to nahi more numerous tests over the entire area of the as 


=a future building with a small footing of some standard size—say, 1 sq ft. The a 


curves for a footing of that same standard size, wall 


e of settlement was observed as a result of excavation and states that this was 


doubtless true for the case cited 1). He then cites another casein 


pressure on the | soil at the bottom of the bore-hole casing. — The s squeezing, ue 4 


results could then be compared, both individually and as averages, toasetof 


| 
— Be 
™ 
‘a 
— 
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abilization after each load increment was permitted, with at least 24 hr 
between the increments; the settlements were measured to about10 
0.04-in.) accuracy. which is more than sufficient for all practical puy- _ 
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settlements were reduced by excavation after” construction. This: is 
ope quite understandable, since such excavation definitely reduces the pressures on a 
a _ compressible layers without allowing any dislocation of their ‘structure. iG The 


upon whether the deeper soil is dislocated asa result of the excava- 
tion. In the case of naturally stiff and impervious clays, any appreciable 


ae 
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Fig. 16.—Resuurs or Loap Tests on WEAK Laver Equrvaent oF In- 
ape OF IRREGULAR COMPRESSIBILITY cornrREcT AssuMPTION CONCERNING THE 


swelling may sometimes be prevented by ‘draining the foundation pit properly — “te ina a 

and by rapid construction. The observations made under similar conditions 

em at the Telephone Building at Albany, N. Y., led, at first, to unrestricted recom- : 

i mendations concerning th the utility of excavation as the only reliabie method for ra ee 

reducing settlements on ‘clays. Later observations disclosed limitations of 
the method in the case of weak plastic clays squeezed into the foundation pit, 


is In extreme cases (Mexico, D. F., Mexico) the recorded rise of t the bottom of the aa 


“a 


of Clay ‘Its Importance i in ‘Foundation A. Cintas, Renee 
“| E., Journal, Boston Soc. of Civ. Engrs., Agetl, 1932, Fig. 28, pp. 191- “10 and 208 
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‘sometimes reached 4 ft.** Special measures must then 
a counteract this rise and the accompanying weakening of the surrounding clay. _ , 
= os 6 Observations on Building II have disclosed a further limitation 1 when f fairly Sas 
> stiff swelling clays and silts, are permitted to absorb moisture after removal of - NY 
the over-burden. No drainage could have helped here since excavation was 
a extended to the lowest | water level; furthermore, the foundation ‘pit was vas left 
Dames states that “no data are introduced to the 
- premise that this structure would have settled more than 1 in. if founded at, = 
or near, , the surface of the ground.” _In discussing Building the. writer 
referred definitely to Fig. 2 and stated that, contrary to w shat. should have 
= expected, settlements were registered immediately after the loads were applied — ie 
the soil. If the. effect of excavation had been at all favorable, the rate of 
2 settlement should have been either - equal to zero until the weight of the building 4 
ie... bos - reached the weight of the excavation or, at least, it should have been wre. cat 


at the of the construction . After the weight of the 
exceeded 1 the weight of the e excav ation, the settlement rate decreased alm 
three times during the next, and last, four months of construction. 
fi. Mr. Dames justifies his point of view by comparisons with other buildin Ba 
of which are based on arbitrary and erroneous premises example, 
oa states that ‘ ‘Building III is on spread footings and is not comparables as to ryan 
es. aN A over an extended area’”’ (Building II). An examination of Figs. 2, 3, and e755 
: ae 3 shows, first, that the loaded a areas of both buildings a1 are not much different i in = 
size . Then, Building III does not rest on isolated spread footings but on — 
7 a tinuous strip footings which merge into a raft covering a surface shaped like a. A 
hollow rectangle. Furthermore, three sides of the hollow, rectangular-shaped ‘ore 


pe ~ mat of Building III are surrounded by y extensive fill w hich, in addition, covers 
ce an 8-ft fringe of the mat itself (Fig. 3). The additional pressure on the surface 
| ‘For these reasons, the a average “pressures beneath Points 26 and 28 } of Building on 
_ III (Fig. 3(a)) as computed by the writer along the entire depth of the com i 
ae layers. above the sand are slightly greater t than the corresponding — 
- pressures beneath Building II, even if these latter pr pressures are computed under 
ny the assumption t that they have not been reduced by excavation. The type of ae 4 
aS soil: formation is similar beneath both buildings. The thickness of the stressed — ie 
a = compressible soil layers is slightly greater in the case of Building III (27 ft) 
_-—s« than in the case of Building I I (22 ft); nevertheless, over the same period i 
= three years Building III has ‘settled slightly less (20 mm) than Building “ & 
(22 mm). comparison between these two buildings, therefore, is entirely 


@ 


Pris r possible and fully | substantiates the statement of the writer that the excavation 4 


= did not decrease the settlements of Building II. 


of the Within Foundation During Construction,” by J. A. Cuevas, 
a i Lazarus White, M. Am, Soc. C. E., and Karl Terzaghi, M. Am. Soc. C. E., Proceedings, Internati z 


Conference on Soll "Mechanics and Foundation Vol. III, Paper N-16. 


= ne ___ 39“*Modern Methods of Design and Construction of Foundations,” by Lazarus White, loc. cit., Paper g 


it 
Was 
t 
A 
Bui 
clay 
4 ter] 
The 
the 
and 
4 
bec 
con 
4 
«Bui 
stifi 
pre 
lay 
71% min 
cA 
for 
the 
dar 
as 
lea 


ae 


‘TSCHEROTAREFF ON SETTLEMENT OF STRUCTURES | 


8 is star uy He overlooked the fact that beneath Building IV the dark clay 
was five times thicker than under Building II and later made an incorrect _ 
assumption concerning the compressibility of the dark clay. 
ie. -— Compressibility of Soils. —Mr. Dames assumed the dark clay of Building iby 
ee to be just as compressible as as the brown clay above it, whereas in all the eases 
a teported i in the paper the brown clay formed, on an average, a much more 
a i ~ compact and stiffer material than the dark clay. This can be seen by camining 


IV in Fig. 6 where this difference was particularly pronounced. 


compressive strength of about 0.7 ton persqft. 
stated in the paper, laterally confined, combined compressibility and 
permeability tests were also’ made on both types of clays and served to in- 
_ terpret the fie field observations. — _ About forty such tests were actually performed. a = 


ey: 


The “X” coefficients for these laboratory compressibility tests, performed i in 
| the usual standard manner, varied from 0.012 to 0.018 for different brown clays. oe oe 
a Building I provided a key for an attempt to interpret and correlate the t re- RAL 

sults of some of the field observations and laboratory tests. This was 

“because the settlements of that building were caused almost: entirely by the 

Ei compression of a stiff brown clay layer (Fig. 1). The writer found the value of 4G 


X-= = 0.007 to be approximately correct for the v very stiff b brown clay beneath Ai 

ae ‘Building I* This value may be considered as not being too high for the “ah j 

stiffer and more compact brown clay immediately beneath one of the wings of 

Building IV (Fig. 6). compressibility « of the compact rown silt beneath 
hi the rest of that building cannot exceed, to any extent, that of the brown clay. — ae 


follows f from comparison ¢ of the symmetrical computed lines of equal 
pressure and of the very slightly unsymmetrical lines of observed equal settle- 4 


ments: (Fig. 5). _ The slightly greater settlement of the right wing 0 of Building 
Wis directly Proportional to the slightly greater depth of compressible 


‘Taking a value o of X =0. .007 for the upper 18 ft of brown a clay thd silt, with 
i: average pressure. of 0.6 ton per sq ft along their depth, one obtains. a value ‘ ” 


for their compression equal to: 0. 007 Xx 0.6 X 18 x 12 = 0.90 in. Thus far, 
- the total settlement has been reported as slightly exceeding 3 in in. " ‘Thus, at 


Teast 2.1 in. of settlement must have been caused by the « compression of the 


- clay and silt. Ws _ The dark silt is much less compressible than the dark clay, 
s a8 demonstrated by tests, and a coefficient of x = 0.007 similar to that of the aes 
brown silt It represents a liberal value for it. This gives a total compression 


Laas equal to: 0.007 X 0.5 X 6 X12 = = 0.25 in. and 


a 


a, 


— 

ee strength varying from 1.3 to 3.2 tons per sq ft, whereas the dG lying a 5 

4 

— 

i= 

les 

— 


in turn, leads to the following « average value of the compressibility — 
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that dark clay: 0. 031, which agrees “a 


SS with laboratory test ‘iahiied for dark clays from different localities (ranging 
2 from 0.024 to 0.045). . Thee clay is of the non-swelling type so that disturbances _ a 
4 due to this cause cannot be considerable. Therefore, the value of X = 0, 030 % 
was reported as an average lower limit nit approximately determined 
_ tions involved should not produce a cumulative error of more than 50%; 
greater ‘accuracies can never be reached for this type o of w work except accidentally, 
= “ a2 ‘The upper limit of X = - 0.070 (a minimum average value) was reported Gare 7 
|g "3 - the dark clay on the basis of the field observations of Building IX only. The 
a extremely high soil compressibility i in this one case was very puzzling to the a 
writer at first, until the examination of an old ma map made by the st surveyors of et 
* Napoleon revealed that in 1798 the main channel of the Nile River flowed _ 
_ through what is now the site of of Building | IX. . This gave a reasonable explana- 
tion for the abnormal compressibility | since the river did not change its course 
vy until about 1850 when the present site was silted rapidly. The resulting soil 
: formation, although covered by a relatively thin, dry, and hard crust, may be 
likened, , therefore, toa hydraulic fill rapidly deposited over a harinente) surface 
of large area, _ Instances x: the high: compressibility of such fills have come to — 
‘The foregoing all the more reasonable since a further 
ie study of maps, based on medieval data,** showed that the sites of all other a 
 itee were much more ancient and that | the main channels of the Nile River 


Rear Cairo, Egy pt, had not undergone any other appreciable changes since the ‘ 


2 


Fourteenth Century. on. 2g, horas yao 
-* _ Professor Hanna points out that i in addition to swelling t there must be also 
other sources of ng and friction 
a along the sides of the testing ring. % ‘The: writer has always fully endorsed similar 
a ” _ Professor Hanna mentions some new studies he is undertaking and a 
reports that “Preliminary results: of these studies indicate that the author's 
statement that.the method described in the paper has proved a success cannot 
> x considered final. - a such statement is contained i in the paper; nor is it 3 
implied | directly or indirectly. It would be entirely contrary to the views of 
lo the writer to suggest that any one method could take care of the ee 
possible variables affecting the engineering properties in general, and the com- 
, pressibility i in particular, of different types of soils. The writer merely reported — 
4 a method which disclosed the relatively great importance of the swelling of some 
compact clays as a source of error; this method also gave a procedure to counter- ce 
this ‘swelling which checked with the field observations. ‘Far from recom- 
- mending the unrestricted use of this procedure, the writer presented | a special 


Es - discussion to the International Conference on Soil Mechanics and Foundation — 


ngineering in 1936* for the purpose of stressing, on the basis of the observa- tat 


* ‘‘Cairo—Origin and Development,” by C. R. Haswell, Bulletin de la ecg: Royale de Geographic 
d’Egypte, Tome XI, Decembre, 1922, PlateII, = = | . 2 


Proceedings, International Conference on Soil Mechanics and Foundation Vol. Il, 
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TSCHEBOTAREFF (ON SETTLEMENT OF STRUCTURES 969 
v tions of Building IV, the limitations when applied to non-swelling « dean of the | 
method described earlier.* In the present paper the writer has again stressed 

limitations of this and of settlement forecast and has empha- 
. sized the fact that they depended i om the type of ‘soil a and on ee method of 


Pressure: Distribution Computations. —Professor ‘Krynine has stressed 


‘s applied, very well, for estimating vertical pressures on deep lying compressible =" 4 
layers if these pressures are transmitted to the layers through an overlying, 
more rigid layer on which the foundation rests. _ In the writer’s opinion, this — a ss 4 


“arching effect” of the upper layers, which relieves the pressures on the lower, 3 
7 


a 


_ weaker layers on distributing them over a greater area, should decrease in Bb 
importance (1) with a decrease in the difference of the shearing : rigidity of the es 4 A 
-y, two layers, (2) with a decrease in the thickness of the upper layer, and (3) with a 
_ an increase of the area of the building. _ Therefore, in the case of the yop 
buildings reported, this factor cannot have been very important. Any con- 
siderable excess in the assumed values of the actual pressures would mean - 
a the assumed “X” values for the stiff brown clay (X = 0.0 007) would have to . om 
and those of the dark clay (X = 0.030) decreased. ated) -gatrads 
With reference to Fig. 15, the writer agrees that in some cases the average — tae 
pressure i in the ground may be neither at one-half nor at two-thirds of the depth _ bas 
¥ = the compressible layer, but may have an intermediate value. . However, for 
the ratio between the depth of the compressible layers and the foundation area &§ 
the cases reported, the foregoing assumptions do not involve an error exceed-_ 


q 
5 


10%,** which is negligible as compared with the degree of 
Settlement, of Pile Foundations.— Mr. Dames assumed that 
the compressibility of the dark clay is equal to that ¥ the stiff brown clay a. ag 3 
i (X = 0.007) and expressed the “belief that the settlement of Building T has ea * 
fi been largely the result of individual pile failure and not due to the compression — aa - 
a of the 10 ft of dark clay between the pile points andthesand.” isk ms 
Under the heading “‘Compressibility of Soils” herein the writer has explained 
es that the foregoing assumption is entirely unjustified and that the estimated — S 4 
average | compressibility of the dark clay under Building IV was X = 0.030. a 
Earlier laboratory tests performed by the late Professor Kégler at Freiberg -_ us 
soils from Building T had given approximate values of X = 0.017 for the brown — a 


clay and X = 0. 026 for thedarkclay, 
oot 


of 5.3 i in., 1.0 in., and 0.5 in. for the respective compressions of the dark clay, — S ‘ 
the brown clay, ‘and the silty sand. Since the total observed settlement ae 
aE 10.0 in., this leaves only 3.2 ‘in. to be ‘attributed either to too small values 
of X (taken at 0.026, 0.007, and 0.007 respectively) or to additional effects of 
Plastic shearing deformations reaching to some distance around the piles. Such 
_ Shearing deformations are likely to be relatively important only along the out- 5 i 


3 % side perimeter of the building. The term “group penetration” used by Mr. ae 


International Conference on Soil Mechanics and Foundation per 
1g. 18, pp. 57 and 58. haa sd at 
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i 


* ing surface « of failure in the soil around the pile groups and their “slipping” | aa 

the surrounding ground, together with the footings which cap them. No S Ry 
evidence of any such “slipping” could be obtained in this building. The very 4 
argument, correctly used by Mr. Dames to explain larger “group penetration” — i 3 

as compared to smaller single pile penetration, testifies. against this co conclusion ae 

: oe. in this case. The pile groups are so close to each other in the eastern part of fi 

the building that the shearing resistance between the stiff brown clay prisms 7g 

a. confined by these groups and the piles themselves should be of the same order _ 
Po of dimension as the resistance to compression of the weaker dark clay supporting — 


iy 


these prisms. _ Thus the piles supporting the building, on the whole, : must have | * 


settled with the surrounding soil, except possibly along the outside perimeter 
= of the building; and most of the surface settlement must have been caused by - 
the compression of the lower lying dark clay layers. 

8 To study this question further, in 1931 the writer introduced into the so soil q 
beneath Building T nine e underground bench-marks almost identical to a type 

_ designed by Professor Terzaghi.* ** They were placed in three groups at ei | 
z three different elevations. The results were satisfactory i in a qualitative sense, 3 : 

- showing that a large part of the settlement was due to the compression of Pie 


2 


wess 


However, the results from the bench-marks were ‘unsatisfactory i in 


sense, since e they were re not ina logical numerical agreement with 


ae due’ ‘to “s fact that some 2 of these bench- marks may have sunk slightly deeper : 


f b into the ground under their own weight, thus registering too great settlements — 


of deeper lying layers, or because other bench-marks may have been slightly 
a pushed up as a result of swelling of the clay immediately adjoining them. adt 
_ Under different conditions such bench-marks may give more consistent 
appear advisable to place them mainly in compact layers or 
relatively rigid soils, such as compact sands, and to ‘place such 
bench-marks i in several symmetrically located groups as could provide a check — 
on each other through ew with the performance of the foundation at 


Effect of Ground-Water —Professor Hanna attempts toshowthat 


buoyant effect o of rising water is sO small that it cannot account for 
yy the 


writer. _ The premises on which Professor Hanna bases this attempt are nlf 
correct. a Thus he states that when the period of construction coincides with 
flood period, the ‘corresponding i increase of ‘pressures: due to the continued 
construction of the buildings ranges from 0.4 to 0.8 kg persqem. Only Build- 
IV and V show any definite change in in the rate: of settlement during flood. 
An examination of Figs. 6 and 7 illustrating these buildings confirms the writer's g 
previous statements and shows that in the three months during which the water | . 
the the increase in their surface unit pressure was only 0.2 kg per sq cm or & 4: 


“Die Tragfaehigkeit von Pfahlgruendungen,” by Karl Terzaghi, Die Bautechnik, 1930, No. 34. 
“Settlement of Structures in Europe and Methods of by Karl Terzaghi, 


Am. Soc. C. E., Vol. 103 (1938), Fig. 52(a), p. 1446. 
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-yalue two to four than the | one ‘given by 

$a eorresponding increase in the pressures on the dark clay is only about 0.160 — “a 
-kgpersqem. Thus, the value of 0.114 kg per sq cm, representing the maximum 
- reduction of pressures on the dark clay due to buoyancy as computed by Pro- 


x fessor Hanna, cumulativ ely counteracts 70% of the corresponding increase ~ae 


in the curves of the two 
done by the writer. Furthermore, the foregoing value of 0.114 kg per em 
i expresses the effect of buoyancy, i is far from being excessive, as suggested — -_ 
by Professor Hanna, especially for Building IV. The subsoil-water rise at 

-— ~Building IV is much larger than the 2 m assumed by him ig. 5); and the a 
coefficient 0.057 which he used (and which corresponds: to lm water rise, of 
B6-Tb-per- cu-ft buoyancy) is not too small since it does not take into account 
ing the capillary and entrapped moisture contained in the clay before the water a 
should have been done for Building IV (see Fig. 5). 
Professor Hanna further states that during laboratory compressibility tests 
which he performed pressures required to return a 12-mm sample 
, ‘normal, when swelling occurs : under the weight of the piston n alone, vary be- i _ 
bi e tween 0.18 and 0.30 kg persqem.” The writer observed similar values diving y 
— his 0 own tests; but then Professor Hanna proceeds to attribute to these swelling cs 
+ a. pressures the observed changes i in the rate of settlement of buildings and states: . aa : 


it is safe to assume that * * * the swelling of these layers reduces. ri, 
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4 
le pressure on the layer above them and, probably, to a slight degree, on the ee 2 ae 

lower layers.” The foregoing, he states, “is & mere assumption,” a and, the 


ately above or below the swelling layer will always remain equal to the super- eee 


a adds, an unwarrantable one. . They pressure on the layer either immed ae ae 
imposed weights and loads. The assumption made by Professor ‘Hanna is 
q 


equivalent to saying that an attempt to raise a load by a jack appreciably 
_ reduces both the weight of the load itself and the pressure of the jack on its | ; 
support! That is (Fig. 17), if p > 0, then < W and N’ <N. Obviously, 
this is impossible. If p >0, then ‘both G = W and N’ = N. Only “ ? 
would decrease ‘the stresses in ‘the swelling layer. | 
ar, This would reduce the component of the settlements due to the compression +7 Ss 
oa “the swelling layer itself; but, as discussed under the heading “Compressibility vies 
_of Soils” herein, this settlement component is relatively small. 
ee ie ———_Conelusive evidence that the changes i in the rate of settlement could not be a a 


primarily affected by swelling i is provided by Building IV. Only part of that 


Doge rests on a strongly swelling brown clay, the remainder being supported .; 
_ by asilt which scarcely swells at all l. Nevertheless, both the part supported by is a 
the brown silt (Point 16) and the part ‘supported by the brown clay (Point 1) _ 4 
- have shown exactly the same changes in the rate of settlement during changes — 
in the subsoil- water level (Figs. 5 and 6) . They should have shown a | marked wae 
difference if Professor Hanna’s assumption cor concerning the } primary importance 
| swelling were correct for the cases reportedinthe paper. | 


_ On the other hand, the writer agrees fully with the explanation of the fact ae” ae 
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the ere er 7 Not only | do most cases of collapses of such houses pe 
du uring the seasonal flood, but during the same period many breaks occur in the ah 
water mains of Cairo. _ This must be due to the light weight of such old houses 2 2 
7 and water mains and to their incapacity to resist stresses induced by unequal is ‘ 
swellingofthesoilon which they rest. 
Remolding of Clays. —Professor Hanna mentions some interesting and 
ss promising recent studies he made near the sea-coast on both brown and dark Ss 
d _ clays deposited in salt water which were very unfavorably affected by remold- 
ing, whereas similar fresh-water clays were not. It is difficult to decide at 
a q a present whether the obvious conclusion from these studies could be generalized, _ & 
many glacial clays, presumably deposited in fresh water, are nevertheless 
found to be very unfavorably affected by remolding. dude 
Conclusions. ——The 1e studies reported i in the paper have provided much data of 
ee practical importance for local foundation designs. They have further served 
ae 4 to prove the qualitative correctness of the general theories developed by the — 3 


— ee ‘modern science of soil mechanics, which provide : a surer basis for the pene 
g a aes _ of sound engineering judgment. At the same time they have shown the quanti- — ug 
tative limitations attached to numerical forecasts of the behavior of f undisturbed 


Although much of the given in the closing discussion has served to show 


> 


m 
5 
= 
m 
m 
B 
n 
co 
= 
@ 
a 


that these as assumptions w were advanced, because he believes that the e exchange 
= views has served to emphasize the complexity of the problems connected with a 
- settlement analyses and the necessity of having numerous co-ordinated ob- 
servations on different structures before conclusions may be reached even for a 


os The writer’s work in| this field constantly strengthens his conviction thet 


f urther progress in the knowledge con concerning the actual behavior, under 


eir satisfactory ¢ execution 


the purpose control observations, of the type described, on new 


iq 
| 
in 
Ir 
4 
as well as other reasons, precludes the possibility of th 
any single person or group of individuals unless this work is assigned vo the 
a regular, full-time job. This consideration, as well as the large investments = 
3 a depending on the satisfactory and economic design of foundations, coupled = va i 
— hi i oa. 
q | with the large degree of guesswork on which present codes and design methods Bi wee 
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POLLUTION OF BOSTON’ ‘HARBOR 


lo 
ARTHUR D. ‘WESTON * AND GaIL ‘EDWARDS, 


ira Discusston By Messrs. E. SHERMAN Cuase, F. E. DeMartint, A. M. 
Eppy, » AND Samuew A. GREELEY, GEORGE 

fs 
| The sewerage systems: serving Metropolitan are among the oldest 
in the United States, , and the disposal works used ii in connection with oe 
"systems represent methods which require modifications to meet public demand 


for improved conditions. The discharge of sewage into Boston Harbor from aa 


- these three systems h has never resulted in depletion of oxygen in the tidal waters tess: oe 
sufficient to cause a nuisance from odors but there have been i increasing esthetic 
B demands from the population residing in the vicinity of Boston Harbor for im- 
= ved conditions because of sleek areas and pollution of beaches by floating | 
matter. hia These i increasing , demands for improvements have been made regard 
- less of the fact that the ) quantity of ‘sewage discharged has not greatly increased 


paper is framed chiefly around the results of a legislative : 
made in the years 1935 and 1936 under the general direction of the — 
_ It includes descriptions of the existing works and conditions of sewage aa a 
in harbor waters, presents results of chemical analyses and bacterial examina- 
tid tions sufficient i in detail to permit comparison with data relative to the disposal a 


tr: 


“oem ‘Under the provisions of Chapter 42 of the Resolves of the Massachusetts ire 
Legislature of 1935, a special commission* was appointed to investigate the 


Nors.—Published in March, 1939, Proceedings, HES 

'Chf. Engr., Dept. of Public Health, State of Massachusetts, Boston, Mass, 


 . Prin. San. Count, Wards Island Sewage Treatment Plant, Dept. of Public Works, City of New 

Mat See “Report of the Special Commission on the Investigation of the Discharge of Sewage into Beaten 
arbor und Its Tributaries,” House Doc. No. 1600, December, 1936. 


— 
aa 
a 
4 
a 
4 
— 
— 
- 
— 
— 


oe 


= 


discharge of sewage into Boston Harbor Le to consider what change, if any, 
og might be necessary in any of the present systems of sewerage or sewage — ei 
—— territory tributary to the harbor in order to prevent nuisances or to 


remove objectionable ‘conditions. ‘The investigation was conducted 


ee cn Boston Harbor i is usually. defined ai as that body of water inside or west of a : y 
line drawn from Deer Island to Pemberton in the town of Hull and extending 


to the lowest bridge on each of the tributary rivers and estuaries. It consists 
of four bays, Dorchester, Winthrop, Quincy, and ‘Hingham, and an inner and 4 


outer harbor. The My rstic, Charles, and rivers ‘and Fort Point 


the tidal prism. of the : average tide which enters and es Boston: Harbor i 

. - 76086 million gal. The quantity of water remaining at mean low tide is : 
2 108: 305 million gal, and the total quantity of water at mean high tide is 184 391 


Drainage Area of Boston Harbor- —The tributary water-shed to Boston 


ie Harbor i is about 645 sq miles. ‘ Included in this area, in whole or in part, ar 
53 cities and towns having : a total population, according to the State Census 


ae sag Metropolitan Boston is served by three main sewerage systems (see > Fig. 1), a 


= i the Boston Main Drainage System, the North Metropolitan System ‘and the — 
i South Metropolitan System. Included in this area are 32 towns and cities 
Xe having a total population of 1 872 400 (or 95% of the population of the drainage e 
i area of Boston Harbor). The population contributing sewag rage in 1936 was 


ae: The Boston Main Drainage System.— —The Boston Main Drainage al a 
during the from 1877 to 1884 to intercept the sewage 


was witended i in 
Watertown, Brookline, the Brighton and Hyde Park section of Boston, Ded- ‘a 
eae ham, and Milton. . Upon completion of the high- level se sewer of the South Ss 
Metropolitan: Sewerage District in 1904 the system served only an area of 
18. 7 sq miles, consisting of Boston proper, South Boston, parts of Back Bay, a 
the Roxbury, Dorchester, and West Roxbury sections “2 Boston, and an area 
system was designed to care for s sewage ‘at an average rate of 75, anda 
maximum rate of 112.5, gal per capita per day from a population of 800 000. 


om addition, it was ; designed for about 0.25 in. of Tainfall upon the 20 sq abe 


storm water and sewage, _ in excess of the capacity of the sewer, to discharge 4 


a: the old sewers as overflows. The resident population served by y the % 


probably does not exceed 493 000 persons, but the per capita daily 


ied sewage flow during the six months from June to November, in the period — 


a 1932 to 1935, inclusive, was 154 gal per capita instead of 75 gal per capita. as Ss i 
originally « . Estimates of flow on the basis of 
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e and schools. — In 1927 the number of people entering and leaving the business ~ 
sections each day was estimated to be 825 
‘The trunk sewer of this system has a maximum diameter of 10.5 ft and ter 
minates at a pumping station at Calf Pasture or Old Harbor Point where, after — 
passing through cage screens of iron bars set with an opening of 1 in., the sewage 


is lifted about 35 ft and is discharged through force mains into two deposit 


a ) ft. 
er ower end the 


reservoirs having a total effective capacity of approximately 35 400 000 ga 

Se As far as practicable, sewage is discharged from the storage tanks on the secon 
_ and third hours of the outgoing tide, and it enters the harbor at mean low water 
_ The outfall sewer provided for this purpose is divided into two parts and is 10 ft 


ion in manufacturing Boston, 
ie 
— 
Ye le SVS 
tunnel (see Fig. 1) i a tunnel t 
tt below Fig. 1) in 7 160 ft long and 7 o Moon Island off Squantum. The 
ean low water. At Moon in diameter and is loc 
4 in four large 
4 and 12 ft wide on the inside. 
there is a extends 600 ft from th if 


"Table 1 shows the of pemped at the Calf Pasture 
Station and represents the quantity discharged into Boston Harbor from the 


ain Drainage System. . Itis interesting tor note that, whereas the 


TABLE 1 QuantiTy OF 


 Flowin | Percent-— daily flow Flow in | Percent- 
million gal- | ageof million gal- | ageof 


lons per day | average lons per day | average 
< 


1934*) 
1935*| 


ran 
8 


1516 
130.4 


~ 


Pump slippage and other losses at 
previous years. hy 


7 Represent maximum rate during any period gravit i 


maximum daily pumpage throughout yout from 141% to ore 
; aye,’ than 200% of the average daily value, the average daily amount pumped during» 
<a une to November, inclusive, has varied little from that. pumped on the ave 

throughout the entire year. 
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“sinount of surface drainage that actually enters the system. , At present 
(1939), during certain storms large quantities of ‘mingled storm water end 
sewage enter the Charles River Basin and cause objectionable conditions. pe 
- The Special Commission recommended? that legislation be provided to compel | 
~ separation. of storm water from domestic sewage i in the city of Boston and that 
ae funds be appropriated to permit the construction of adequate works for remov- 
ing storm water from the sewers in this district. Because of the impractica- _ 
- bility of separating storm water from domesti c sewage i in the business a : 
of Boston, the ultimate solution of the problem probably would be to provide 
telief se sewers of large diameter to divert the overflow of mingled storm ‘water 
and sewage to parts of Boston Harbor where the least objectionable conditions 
3 _ may result so that the waters of the Charles River Basin and at certain beaches sal s 


eas in recent years has consisted of salt water which entered the system i 
leaks, or r through tide gates, or by other means. + 
“the 1935-1936 investigation® and during the ‘investigations ¢ of 1913 and 1929, 


ot 


AMMONIA “Kanwoma | C° D> 
of 
sam- 
ples 


43 200 | 2 226 
22 000 | 4 142 
33 100 | 4 080 
35 600 | 3 478 


2 290 Oe 25. 5 12 000 
3 856 ba 
3280} 249 16.4 11 300 
315 175 {114 | 


Tol 


41 
49 


35.5 | 15700} 204) 
30.9 |16550| 134] |: 
50.0 | 40240} 198) 119 


— 
Main as designed to take care of so 
The Boston Main Dra | 
‘The: ; but for a number of 
o the sanitary sewage; bu 
ace run-off in addition to during storms because of the much ls — 
— 
aq — 
ae 
rag 
— 
— 
— 
— 
— 
— 
— 
aed 
— 
Fats} | 67.2 | 27.9 | 15500|10.0 | 5580 | 77. 
191. 4 14 450 4.2 2 680 34.5 157 9.05| 5650 162 
1929} 25 | 76.5 | 22.7 2560 | 53.0 | 170| 119 — 
1985] 280 | 75:4 | 21:5 | 13.400] 41 
| 72 | 86.0 18.1 | 12 990 3400 | 
_ 
1936) 64 | 96.5 | 20.3 | 16350] 3.71] 3096 
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sat is deposited on an adjacent dump to be drained and then burned. — a a 


Pasture to Moon Island and at which it is practicable to 
operate - the pumps at the Calf Pasture Pumping Station. At such times * 
large quantities of mingled storm water and sewage must discharge through 


ay _ the overflows provided for the purpose. If the full capacity of this main i 


< 


om made to deliver about 244 million gal i in 24 hr; but this quantity i is about 56% z a 
a excess of the designed capacity of the ‘anel from Calf Pasture to Moon ie 
= Island. Moreover, if it were possible to pass this quantity of of sewage through = 
the tunnel to Moon Island it would be necessary to increase the tank storage 
considerably at Moon Island if the sewage is to be discharged only on the second ue i 
and | third hours of the outgoing tide. ‘Under present conditions these tanks 
ost not allowed to fill above Grade 20, to prevent crow wding of the tunnel and - 
overflow of sewage from the deposit sewers at Calf Pasture. «= | es: 
; ue It was the original intention that the stored sewage would be discharged a 
= only on the second and third hours of the outgoing tide, but from June. to 
a November, inclusive, during the eight years 1928 to 1935, the maximum average _ : 
daily quantity of “sewage ‘pumped was about 84 million gal. Accordingly, it 
has been necessary, at times, to. discharge the se sewage on other than the second 
7. and third hours of the outgoing tide. The 1936 investigation showed that 
during the the from 1928 to 1936, inclusive, there have been 1084 times 


experimental work during the investi ation. 
Povrion or Boston HARBOR BY THE Norta Merrorouran 


oo 
_ The Metropolitan Sewerage District was created by acts of the Massa-— 
—" chusetts Legislature in 1889 to provide sewerage facilities in the yi 
age areas of the Charles: and Mystic rivers as recommended by the State Board of 
Health in the same year. The , proposed Metropolitan District was to. be 
divided into two parts, one part for the district north of the Charles River to o be 
known as the North Metropolitan Sewerage District, and the other to 
for the diversion of sewage from the Charles River Valley into | o the Boston a 
Main Drainage System. The North Metropolitan Sewerage District was to $3 
Be include the Charlestown and East Boston sections of Boston and the cities of 
Cambridge, Somerville, Malden, Chelsea, ‘Medford, Melrose, Everett and 
Woburn, and the towns of Stoneham, Winchester, Arlington, Belmont, ‘and 


authorizing extensions of the North Metropolitan Sewerage ‘District, and in 
a “ 1935 the size of the system and district‘ was substantially as shown in Table c: ? 


a Be 25 im 4**Report of the Special Commission on the Investigation of the Discharge of Sewage into Boston 
Harbor an Its Doc. No. 1600, December, 1936, p.95. 


Winthrop. Additional legislation has been provided from time to tim 
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—AREAS AND 
Various Sewerace Districts 


Popuna 


TIONS SERVE 


Di BY 
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Cities and towns 

of 0 

od}: wb 


ton 


Merropourran Sewerace System 


‘Boston: 
Ro 


Wellesley . 
Weymouth 
To 


badd ¢ 
als i 
Miles 
of local 
sewers 
nected 
lel 


64.56F 
 §1.26T 


TOs 
| Estimated} | area 
Estimated] contrib- 
lation present | uting 
con- | total | sewage 
in 
1936 
square 
iles 


in 19 


(a) Norta Merropourran Sewerace System 
(Populations Estimated as of December 31, 1935) _ 


it 
6320 | 5.60. 
3628 | 7.00 


1. 
5. 
1. 
2. 
0. 
3. 
2 
0. 
2. 
3 
1. 

1 

2 

1 
L. 


6.10 [096470 


746 910 
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tio 

ulti- 
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tribute 
sewage 
in 1936 

square 
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Saree 


3445445 
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65 | 86 2309 
| 605004 

49970 | 50190 

70180. | 70360 


: $882: 
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862 620 | 47.99 
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218.19 


8” Heeparate. § Separate and combined. 4 Including two connections with McLean Hospital, having 
_ M estimated population of 803. {| Estimated by Superintendent of the Institution on Deer Island. 


__ * At present connected with Boston Main Drainage System. 


{Parts of Dorchester, West Roxbury, Roxbury and Milton, which are situated within the South 


sie. 


Metropolitan Sewerage District limits, are tributary to the Boston Main Drainage System. 
R ae * Including connection with the Boston State Hospital, having an estimated population of 2 873. aa 


4 tee {f Including connections with the Metropolitan State Hospital and the Middlesex County Tubercu- 
ospital, authorized by Chapter 372 of the Acts of 1928 and Chapter 373 of the Acts of 1929. i 


ulation of 2 hapter 3 A 
pop lation of 3 


rie | 
estima 


ber of | ber of 
connec- | person: — 
tions | served 
Boston... 5.18 | 29080 | 29200 34.8 4 
Cambridge... 165. 5 | 850 | 41350 | 42010 
33.043) 4865 | 8.50_ 46 980 a 
Chelsea... 98 | 6.90 | 46220 «6.0 
20.747) 1616 | 4.70 | 30 |. 16 530 
43.124] 3.025 $38 | tease | 0 
| 4009 | 111.41 | 932 | 
Cantons staat] — 
78 | | 746 | 220 
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ewerage System was dened to exclude ston 


ae 136 million gal per ¢ day. It was ‘assumed that the volume of sewage to 

- be cared for would be 30 cu ft per person in 24 hr except in : the cities of ea re | 

bridge and Somerville where the sewers are on the combined plan and where =" a 

of 35 cu ft per person per 24 hr was made. 


‘There: are approximately 74 miles of Metropolitan sewers in t the North 


Metropolitan: Sewerage District which vary in diameter from 10 to 109 in, 
The main s sewer terminates ata pumping station at Deer pap the 


this site from the keeper the I Deer Light, , and 
Ps 1917 the multiple outlets were : provided. _ The present outfall, at its lower end, 


consists of ft lengths: of cast-iron pipe varying | in diameter from 84 i in. 


n openings 


a Al the sewage from the district except Winthrop i is at a a station 


the Alewife sewer which receives ‘sewage from sections of Cambridge, 


Somerville, and Belmont; a station i is by the town of Winthrop 


ae ‘nl Sewage at all of the Metropolitan pu pumping ‘stations is s screened — 


through w wrought-i -iron barred cage screens in duplicate. 


TITY OF SEWAGE FROM “METROPOLITAN 

‘The estimate of sewage flow for the North Metropolitan District does not 
include the large quantities of mingled storm water and sewage entering Bostor 
f fod ‘Harbor or its tributaries through storm overflows; and, accordingly, it canno 
considered alone in determining the adequacy of the North Metropolites 
_ Sewerage System. Fig. 2 shows the estimates of flow of sewage from the North 
Metropolitan Sew District made ‘by the Metropolitan District Com- 
mission. Table fc for t the period 1925 te to 1935, includes maximum flow as 
percentage of the average daily flow. The comparison of Table 1(6) with Table 


— 1(a) shows that the flow during the maximum day is considerably greater ‘from 


North Metropolitan Sewerage District than from Mai 


__-water except in the cities of Hike 
— 
ind 
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a ‘= permit it to discharge into the harbor by gravity through & system of 
plpe Is Open € en ie tnirveen lengens Of pipe hear the 
end have openings on the top. It is through these t 
an _ at the end that sewage is discharged. The thirtee * i 
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comparison of the average daily flow for 1935 (82.9 mgd) with a flow of a 
--186-mgd, which is the capacity for which the system was designed, would 
indicate that the capacity of this system in the maximum section is 
mately 64% in excess of the average daily flow. The population served 
this system in 1935 (696 470) was about 22% in excess of the 571 000 for - 
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Inclusive 
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ai hy; areal Fro. 2.—Sewacr Fiow, Norra System 9 
ay the system was designed. If storm water were excluded from the __ 8 


system except in the cities of Somerville and Cambridge, as originally pro-— 
_ posed, many of the main : trunk sewers in the lower | part of the system would — 
_ have adequate capacity to care for sanitary sewage. It should also be stated = 
_ that, although the total population | served by the system is only 22% in excess — ca, 
E- of that for which the system was denignet actually i in some parts (namely, a 3 
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Samples collected by the Massachusetts of. ‘Public Healt 
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ae the North Metropolitan Sewerage District is somewhat stronger than that : cut 
either the South Metropolitan: or the Boston Main Drainage Districts, ; 
4 proximately 19% of the sewage ‘pumped at Deer Island consists of: salt water apr 
which is believed to have entered the system through gates or leaks. Table thi 
ag 2(b) contains the ‘analyses of the sewage from this district during 1913, 1929, 5 sew 


Because of the large quantity of mingled storm water and ‘sewage overflow- 
— ing from the Nc North Metropolitan System into: water r courses, the Metra 
a District Commission began, in 1935, an extensive | program involving the con- we 2 nd 
— A struction of a relief sewer to divert this mingled storm water and sewage away Q 
a from the inland streams, and the Special Commission, herein referred ‘to, has nt 
"specifically recommended the further separation of storm water from 
domestic sewage in this district. It was the intent of the Special Commission 
2 £ a. to create a means of charging municipalities according to flow and hence = a & 
: 
much of the leakage and storm water entering the main “system from 


South Metropolitan Sewerage Sy: under the 
aa —~ of Chapter 424 of the Acts of 1899, to serve the then Charles River — 3 


Dedham, Hyde Park, Milton, such parts of Dorchester, Rox- 
bury, and West Roxbury as were not included in the then Metropolitan Sewer- 
a te age areas. _ This system includes a high-level intercepting trunk sewer, from” a 

Anes Parker Hill in Roxbury to Nut Island in Quincy, which varies in ‘size froma 
section 68 by 72 in. to a section 135 by 150 in. The sewage from the low-lying 
sections tributary to the Charles River Valley Sewer and the sewage from sec- 
_ tions of the town of Braintree and the city of Quincy are pumped into this ie 


sewer. Table 3(b) shows the area and population served by this district. 


2 


- Distriot, each of which consists of a cast-iron outfall sewer, 5 ft i in diameter. vi 

‘The outlet through which the sewage i is most commonly discharged i is: about a . 
id mile north of the screen house and about 1200 ft from the westerly end . ae 

— Peddocks Island. The second outlet, which is used at times in common with EY 


ab first, is about the same distance from Nut Island and about 1 300 ft wet if 5 doe 

ae of the first outlet, whereas the third outlet which is about 1400 ft from the | pp 

__ sereen house has a point of discharge about 2 300 ft from the westerly shore of f vie 

Peddocks Island. _ This latter outlet is used only in cases of emergency or at r & 

times of heavy run-off. At mean low tide the water over the two main outlets Pe , 2 fro: 

= cae, is about 30 ft deep and over the emergency outlet, 20 ft deep. ‘These outlet — ¥ gre 

2 pe "3 pipes are laid in a trench at an average depth of about 9 ft below the bottom | bs : mis 

Be ee of the harbor. The outlets are encased in concrete ‘and consist of a special Bs § con 
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granite tings in six pieces, 30 in. deep. 


agit 109 sq miles, but ultimately 218.19 sq miles will be tributary to 7 
i “this system. . Except for the Charles River Valley Sewer (which receives the 
i sewage from certain combined sewers), the | South System is intended to receive 
only sanitary sewage. It was designed to take care of the sewage of a 
tion of approximately one ‘million persons 0 on 4 basis’ of 300 gal per person per 
_ dayin 1940. Records of the flow in this system, recorded at the screen house — 

at Nut Island, show that the flow in 1935 averaged about 86.5mgd. 


ae 1(c) shows | the flo ow in the South Metropolitan ‘Sewerage | ‘System 


North Metropolitan Sewerage System and: the Boston Drainage System. 
OF Sewace REACHING Nut Istanp ScrEEN House 


; we alyses s of | sewage collected by the Department of Public Health during 
1913, 1929, and 1936 at the Nut Island screen on house are as reported i in ‘Table 
0). The « chloride content of the sewage from the South District seldom ex- 


- 250 ppm indicating that only a small ll quantity of of salt water leaks into the 


__Errect or THE DIscHARGE OF SEWAGE FROM Boston Main = 


Sewenace 
' For a num ber of years the discharge of sewage at Moon Island from pes 
| Baston Main Drainage District has caused objectionable conditions in the ak 
vicinity of the outfall because the discharged sewage enters the om at 
_ velocity on the outgoing tide, at approximately the surface of 
the water, and spreads over a very large area, causing extensive Bees areas 
The sewage discharged | from the North Metropolitan Sewerage District 
«Rear Deer Island has never caused objectionable conditions except from odor 2 
in the vicinity of the Deer Island Light and from floating matter reaching * 
e nearby shores. Extensive sleek areas have eee been noticed in connection 
with the discharge of sewage from | this district. The limited size of the sleek 
reas is probably due to the rough water in that \ vicinity. 
the sewage discharged from the South Metropolitan District 


- does not ‘Tesult in as objectionable conditions as as that from the Boston Main 


of Nut Island on the i incoming tide. 
In order to ascertain the general condition of the 
from the discharge of sewage from these three main outlets, an extensive onl 
gram of sampling was conducted during | the investigation by the Special Com- lp 
mission inl 1935, and 1936 and, | as far as “practicable, these sampling ‘stations 
nformed with of the were 


gating in the form of a quadrant bend, 11 ft long weighing about 11 tons. Each ia 
si “se nine ig surrounded bv a rectangular timber casing 13 ft sq and 10 ft deep, resting — eee a 
are surmounted and surrounded by 29 
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collected for chemical analysis and bacterial wnasttaation, and field 
made to determine the quantity of dissolved oxygen in the water. ‘Aun 
_ In order to interpret more intelligently the results of the chemical ; analyses ‘ 
and bacterial examinations, and in order to determine the extent to which 


sewage matters reach the coved of Boston Harbor and vicinity, extensive float 


a - tests were made to compare with the result of previous | tests. To determine as 


= outlets, observations were made of sleek areas from boats, and a number of me 
serial photographs were taken (see Figs. 3and4), = 
‘Surface and depth samples were collected along the courses of floats for : 
4 “chemical analysis and bacterial examination; and samples were collected nee 
intervals along the in the of bathing beaches. 


Connents IN THE Viernrry oF THE OvrraL SEWERS 


4 “The and ‘direction of the tidal currents were determined by y observ- 


ing the courses taken by floats released at the various outfalls and at other ‘points 


throughout the harbor. Floats were also’ used to determine locations better 
adapted for points of discharge of the sewage. Three types of floats were used ae aa 


this work—floats of deep submergence, ‘surface floats of ‘shallow submer- Ses. 
4 gence, and chips. _ The depth floats were constructed of 2 in. by 4 in. spruce be 


timbers, 6 ft long, weighted at the bottom to hold the float in a vertical position — a 


to provide submergence, except for 21 in. which extended above thesurface 


“ofthe water, , and which was surmounted with a small signal flag. Each of the i - 
_ floats was equipped with vanes nailed to the sides to prevent whirling. The i 


by branding iron with the name and address of the Department of 
Public Health with the request that they be returned to the Department. 
+ In general, the float tests confirmed the results of pr previous tests and showed ., 

that: (a) The velocity of the tidal flow in Boston Harbor has not changed ~ 
considerably over a number of years, regardless of certain changes in and about 

_ the harbor due to the dredging operations ‘and the filling of large areas for >a i 
_ onstruction of the Boston Airport, a bulkhead to Castle Island, and the 
oe filling in in of ‘Shirley Gut; (b) regardless of where ‘Sewage is discharged i in n Boston 

Harbor it may be expected that floating n matter in the sewage will be washed 
n to the shores in the harbor or on adjacent shores. The courses taken by {a 
_ some of the floats released i in various | parts o of the harbor are shown in Fig. 5, iS : 


and Figs. 6 and 7 indicate the places where some of the chips were retrieved. 


the of 1929 and 1930 the Department of Public 


etermine the dissolved oxygen content in various parts of Boston Harbor, 
nd during the. joint investigation of 1935-1936 analyses and tests were made on 
Samples from these same stations and at many additional ones? The dis- 


f ree oxygen present, in the ¥ water during the later investigation was found to 
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in excess of in 1929 ‘at all on the i incoming 
: was in excess of that found daring the 1930 investigation. At no time during = 
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\ Boston Harbor 


CARVER 
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Distant Pours Wuere Crips Reveasep at Ocroser, 1935, 

eR. saturated, even in the vicinity of the main sewer r outlets, and in the Inner Nhe 
| Harbor opposite Fort Point Channel the dissolved o oxygen content of the water Ae : 


75% saturated. for the Inner Harbor ‘the lowest 
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BOSTON manson 


giege di dissolved oxygen saturation was 78. 3%, which was sane at a point a es 


short distance northwest of the pier on Long Island. Determinations 
3 were made? of the bio-chemical oxygen demand at various sampling points in <2 
| the harbor (see Table 4). On the incoming tide in 1935 the oxygen demand __ 


>. : ae low in all sections of the harbor, the highest being 1.3 ppm in the Outer ae 3 


- Harbor and Quincy Bay and the lowest being 0.3 ppm in "Dorchester Bay. q 


os maximum of 4.1 ppm in Desshesten + Bay. At no station where samples were 
-eollected did the results show that the dissolved oxygen in the water had been ~ 2; ‘ 
= sufficiently t to cause a nuisance. te oct 


TABLE 4.—B10-CHEmMICcAL DEMAND, Days AT 20° 


id Ye Inner Outer | Dorches- Winthrop Hingham Harbor 
oe de | Harbor | Harbor | ter Bay | Bay | Bay | Bay  |entrances 


For | purposes of comparison, Tesults of the dissolved « oxygen tests of the 


Harbor, and the North River in are inTable5. 
5.—DIssoLvED OxYGEN; Various HARBORS AND | TRIBUTARIES 


Although tests B.O.D. have been made by the Department of Pub- 


= albuminoid ammonia have been made for many years, in some instances dating nae i ; ‘ 
back to the early nineties in connection with pollution of tidal waters. . ‘ 
cordingly, it has been t! the practice of the Department nt: 


eT, | order that comparisons ‘may be made between these results and the ce 
= resulte where practicable. © _ They show that, in most cases, the organic matter 


asin the investigation. slightly. greater degree of contamination 
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POLLUTION or BOSTON HARBOR 


was found in 1936. at Bay ‘near Windmill Point, the 
= ae entrance of the Harbor north of Point Allerton, in the North Channel northeast’ 
—. Deer Island, and in Winthrop Bay near Shirley Get. The condition of the 
i ; water in the Inner Harbor, in the vicinity of Boston proper, was somewhat 
4 better in 1935-1936—especially on the outgoing tide—than in 1929-1930, 
- On the incoming tide in 1935 and 1936, the content of organic matter was 
greater, in Dorchester Bay, than in 1929 and 1930; and, on the outgoing tide, e 
was less. Because of the large concentration of dissolved oxygen in 


_ matic fc orm as a means of bomipartaleed with the dissolved oxy oxygen determinations, 


‘nuisances resulting from the disposal of sewage in  Beaken Harbor are those 
created by bacterial pollution and by floating matter from the sewage reaching _ 
thes shores, especially the shores used for bathing. 
The 1935 bacterial examinations showed that ‘on the. incoming g tide the 


water at the surface of the Outer Harbor in the vicinity of Deer Island and Nut — 


‘4 Island outlets contained large numbers of bacteria characteristic of sewage, 
and that the contaminated areas extended from the harbor entrance to the — 
B.< rhe esterly part of Hingham Bay and into the easterly section of Winthrop Bay S 
in the vicinity of Deer Island and Point Shirley. They also showed the p. presence tS 


of a large number of such bacteria i in that date of the Charles River between 


waters ¢ of the Outer Harbor entrances in the vidnity: of Lovell, Gallups, and 
(> i islands; and, in a small area east of Deer Island. The samples col- 
Phas lected on the outgoing tide contained large 1 numbers of bacteria characteristic 
ae sewage between the Inner Harbor and the Charles River Dam, in Fort — 
_ Channel and along the Boston water-front. The waters of Dorchester Bay, i my, sa9 
the» vicinity of the Naval Air Base at Squantum, and in the vicinity of Com- Sane 
Ne ‘mercial Point, , contained large numbers of bacteria characteristic of pollution, 
a condition probably due to local contamination. Quincy Bay in the vicinity _ 
of Moon Island | contained large numbers of bacteria on the outgoing tide, a Se 
condition due to the discharge of sewage from the outfall works of the Boston 
- Main Drainage system. In the vicinity of Deer Island, water on the outgoing 
La _ tide contained | large numbers of bacteria i in the marry A mere of the 
Outer Harbor and at the entrances. to the harbor. The results of samples 
collected in 1935 and 1936 show that on the outgoing and (dodenkg tides the 
water, at a a 20-ft depth i in the vicinity 0 of the outlets, contained a a larger number / 
of ‘bacteria than at the surface; but at points close to the shore the number 
: present was about the same in the surface and depth samples. On the i i 
 & tide large areas of | the Outer Harbor, Winthrop Bay, a and parts of the inner 
- Harbor are contaminated by ‘the discharge of sewage from Deer Island, and 


_  §**Report of the Special Commission on the Investigation of the Discharge of Sewage into Boston — x 
Harbor and Its Tributaries,” Doc. No. 1600, December, 1936, p. 221. 
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POLLUTION OF BOSTON HARBOR 


ye entrance to to harbor i is polluted, in addition, by the sewage 
from the Moon Island outlet. sé ‘The 1936 samples showed that, on the incoming a: 2 
tide, the waters in the vicinity y of the Deer Island and Nut Island sewer outlets, - 5 
and in the vicinity of Long and Rainsford islands, are grossly polluted. — s Pol- we 
~ Jution in the vicinity of Long and Rainsford islands 1 may be caused partly by the 


perme of sewage from Long Island and from the return of sewage which bad 


= pele collected on the incoming tide showed a polluted area off the 


: is Bar ree Ammonia 
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Quin mer 4 


approaches the shore Houghs Neck in Quincy. in on 

3 outgoing tides the polluted areas were greater in 1936 than in | 1935; but this ¥ 

- condition may be explained i in part by the fact that samples from a number of =A 

_ Rew sampling points between Long and Rainsford islands, between Long and by cn 

 Gallups islands, and north of Thompson Island, collected during the 1936 
investigation, we ere not collected during the 1935 investigation. 


Fig. 9 shows the percentage of the 0. cm portions of the samples ‘col- 
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iJ groups. For c conveniences, s, the “ connecting zones s of equal Coli-Aerogenes 
density have been termed “isocols.”” tanih alo eal 


3 
the bacterial investigation of the waters of Boston 


a at the surface, indicating that bacteria are deposited in the mud with sewage ~ 
solids and are not washed out to sea with the outgoing tide. These 


= 


- Boston Harbor i is tied extensively for recreation and, to a limited degree, — 


total of Wing 3 200 persons, and some 1370 
o “boats, _ It is interesting to note that at 6 of these clubs sewage was discharged gl 


_ The sanitary surveys of 1935-1936 also showed that there were 29 areas 

‘ "between Point Shirley in Winthrop and Windmill Point in Hull where bathing * aa 
beaches had been established. this number only 12 were under the control 
ie of the Metropolitan District Commission or the City of ] Boston, and at many — 
| ae the areas no bath-houses or close supervision were provided. It was esti- 

vn mated that approximately 100 000 persons frequent the popular beaches a, ee 
: some pleasant Sundays and that 15 000 additional persons use those beaches os 

; In order to compare the results of the bacterial examination of the samp —s i Re 
om of the water collected at the beaches of Boston Harbor and some of those out- a 
= side the harbor, Table 6 is presented. It is apparent that the beaches i in Bos- 
_ ton Harbor are more highly polluted than those outside but not as oe 
ae Polluted a as at some beaches on streams tributary to the harbor. Some of - 


"pose, or a a considerable sum of money ‘must be expended to treat the sewage, 0 or 1 sci 
fo remove it by extending the present sewer outlets to points more remote _ 
from the beaches . The investigation f f ailed to disclose any illness due to bathing _ - 


these waters; but, of of ot « it is. obvious that 
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TABLE 6.—Averace BacrertaL ANALYsIs OF Pusiic BEACHES IN Boston 
ode Yo HaRBoR ComPaRED WITH THOSE OvTSIDE THE HARBOR 
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Cubic Centi- 
meters 


Savin Hill, public 
Tenean Beach, public, Bos- 
ton 


ON 


> Beach (Atlantic Street) .. 

_ Wollaston Center Beach 
(Wollaston Yacht Club). . 

Wollaston South Beach 
(Fenno Street) 
_Merrymount Beach, private . 
gem Municipal, pub- | 

Beach, public | 
(outside beaches) 
‘Salem, salt water pool (6). . 
outside beach. . 
ng Beach (5). 
= reston Beach | 


“a 


ao 


o.¢ 
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con 
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1933: 
Beach, South Beach 


13) 


ae Fairhaven (6) 
Beach (3). . 


Pi es. * Bight samples, except as shown in parentheses. t “Red” refers to the number of acid-forming 


See available to the public there was no good reason to permit bathing near sewer — 
ay outlets, and that public bathing along the water-front of ] Boston I Harbor and its 
[ estuaries and tributaries should be restricted to such a areas as may meet with 


te = the approval of the Board of Health of the city or town in which such bathing a 


4 


"Report of the Special Commission on the Investigation of the Discharge of Sewage into Boston 
Harbor and Its Tributaries,” House Doc. No. 1600, December, 1936, p. 318. “igh 


a site is situated, or with the approval | of the State Department of Public = 23 


\ PP? o 


be a Accordi > numerou the 
there sewer outlets. 
a 
= 
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conti- | senti- | sent Nese 
20° t i- | centi- rs | meter | Posi tive 
ant | 218 25 | 
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taking of ‘shellfish ‘ftom Boston’ Harbor regulated ‘by acta of the 
Legislature. Also in accordance with Massachusetts laws, 
the Department of Public | Health has permitted tae diggers, under permits 


= OpenArea a 


‘Open Area For Treatment 
y we “Purposes Only 
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Fig. Angas IN Boston Harzor As or Jury 
« eaw oi favaars bile a habusquue 


fication plant. “Fig. 10 shows the areas in Boston Harbor where shellfishing 


Sm permissible as of July 1, 1937, either for treatment purposes or for use as Wye 


fer? Expertmentan Sewace TREATMENT 


The ordinary routine investigation to determine the most appropriate 
: ‘Weed of sewage treatment would consider the capacity y of f the water i in which ia 


tt the effluent is to be discharged to replenish the oxygen that would be consumed — 
s the bio-chemical processes of the purification of the sewage. _ There is DO 4 


and in incoming tide, and the v 


supply sufficient oxygen to replenish that efornindrsn by the disposal of sewage 
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tests for dissolved oxygen, and 

~~ a "were made of the waters of Boston Harbor, and of sewage discharged from th 

me North and South Metropolitan Sewerage districts and the Boston Main Drain 
age District. _ They indicated that objectionable conditions can be removed if 
ey works are provided for the removal of certain suspended matters and | grease 3 
from. the sewage before it i is | discharged. | These settled sewage may ‘be chlorinated — = 
z should further reduction of bacteria of the Coli- -Aerogenes group become a 


?' To determine the most practicable method of treating this sewage, experi- ’ 
a tpentel plants were constructed at Deer Island for use in connection with the a 
= sewage of the North Metropolitan Sewerage District, at Nut Island in connec- a 
= with the sewage of the South Metropolitan District, and at Calf Pasture ; 
S Moon Island in connection with the sewage from the Boston Main Drainage i 
ee District. The small-scale experimental plants consisted of fine screens, a — 
Be < 1 000-gal settling tank, and a 650-gal tank used for pre-aeration of the sewage i 3 
to aid in the removal of grease. _ The settling tank was provided with suitable ie 
baffles for removing the floating solids. The detention period varied from 
<a 1 to 6 br. - In addition, experiments were made to determine the re reduction of a 
_— the number of bacteria of the Coli-Aerogenes group by discharging the sewage * 
: into salt water. The pump used had a rated capacity of 40 gal sabes: min - a 
a under the conditions of operation did not exceed 30 gal per min. = ee 
Theexperimental apparatus used in connection with the South 
Ree District was similar to that of the North, as was also the apparatus used in 
= connection with the experiments on the sewage from the Boston Main Drainage 


ae District at Calf Pasture. Provisions were also made for large-scale experiments 4 


The Tesults 0} of the experiments | on plain sedimentation, a 1.5, oe 
‘ di 2 hr of detention on a continuous flow basis and 3, 4, 5, and 6 hr of de 
tention on an intermittent basis areshownin Table 7(a), = 
an — was expected the suspended solid removal in these experiments ¥ was about 
: in 1 hr and 50% in 2 hr, The additional removal after detention ‘periods a8 
— than 2 hr was small, being only a total of 62.5% in 6 hr. Removalof | 
organic } matter as represented by the bio-chemical oxygen demand (about 
- 19% with a 2-hr | detention period) was relatively low. | The removal of the 
nitrogenous matter as represented by the albuminoid ammonia and Kjeldahl 
nitrogen determinations was 21% and 21.9%, respectively, for 2-hr detention 
In these experiments there. was little relation between the grease 
“removal and the detention period but the results indicate that about 40% of 
the can be e removed | by. me during a plain, 
a “The experiments made to determine the quantity of grease ‘that could be 
é skimmed f from the surface of the tanks with aeration prior to sedimentation eZ 
showed that a slightly greater proportion of. grease could be rel ved with 
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in 8 greater reduction in the percentage of solids and nitrogenous 
matter. _ The percentage of removal of the suspended solids by Plain: sedimenta- 
was about 50% for a detention period, whereas with pre-aeration, 
e the removal was about 57% for 2.25-hr periods. The results of the sedimenta- ke 
Ay. tion tests, with pre-aeration, are shown i in Table 
— _ The sewage used in the experiments for the Boston Main Drainage System i 
Was obtained at the Calf Pasture Pumping Station from a chamber at ~ 


4 ; 4 entrance to the deposit sewer. i ‘The experiments \ were | made on n the sewage from eee 


i = 
ON THE OF “Norra Mernorouiran 


The Deer r Island experimental | plant v was s operated for the most part 16hr a 
a diy, from 7 A.M.to11 P.M. Early in the morning the sewage was sae = 
an at such a low level that it was iaipiastionble to raise it with the equipment used. ec 
‘The period of experimentation was from September 30 to 9, 1985, 
and from May 15t0 July 31,1986. 


about 45% in 1.5 br, 51% in 2 hr, and 57% in 3 hr. The average B.O.D. — 
_ reduction was about 25% during these periods a and the reduction of nitrogenous _ 
matter, as represented by the Kjeldahl nitrogen determination, was 33 per cent. hice 
ore 40% of the grease in the sewage was removed in a detention — 
wr. Table 7(d) shows the of sedimentation 
SEWAGE OF THE SouTH Mueraorouran SEWERAGE 


“di 


; District were extended over a period from 7 A.M.'to 11 P.M. from Monday to 

3 ' ‘Friday, inclusive, from August 25 to September 19 and October 2 to October 9, is 
1936. Because of the short period of of operation a few of the samples were | 4-br 


‘composites instead of the usual 8-hr composites. The sewage for these experi- 
e- ments was taken from the main outfall sewer through a manhole to the grit- 
- chamber at t the ¢ entrance to the screen house at Nut | Island. The efficiency of — 
settling was much. greater in connection with the sewage of the South Metro-— 
i politan System than from the Boston Main Drainage System although the — 
ae analyses showed that the sewage of these two systems was similar. _ The reduc- | 
tion i in suspended ‘solids’ during a 2-hr detention period was as 69% as 
- - with 50% ordinarily obtained. The reduction in the oxygen demand, organic © 
nitrogen, and oxygen consumed, was 40%, 407%, and : 36%, respectively. 
ai probable that if the experiments had been extended over a sufficient period, 
Eye lower reductions, 
«Sewage of the Boston Main Drainage ‘System, would have been obtained. cae 
_ Table 7(e) shows the results of plain sedimentation experiments on the sew age 
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or THE or SEDIMENTATION ‘EXPERIMENTS 
4 Pre-seriition of the sewage » to aid in grease removal 1 was not successful in 


connection with sewage of the Boston Main Drainage System and the North 3 
Metropolitan Sewerage System. is probable that the aeration does help 
_ to separate the grease from the. settleable solids; but*it is doubtful if, in these 
aan experiments, it was of sufficient assistance in increasing the over-all a al of ey 


m, om SO These experiments, confirming the result of other similar | experiments, show 
ae 2 that the greatest reduction of suspended solids occurs during the first hour and 


In general, the results obtained from all three stations were similar and 
- indicated that about 50% of the suspended solids could be removed i in a dr <f 


eo detention period. Calculated from the removal of suspended solids, the daily — 
quantities of sludge that would be removed from the sewage of the three sewer- 2 


Besa eS on the basis of 1935 flows is shown in Table oe By 
TABLE —Quantity OF Suupce Exrscrep Per Day 


fp gall allons j in ‘cubie feet 


| | 


705 00 


EXPERIMENTS WITH Fine ScREENS 
= 


21 in., which had openings of in., 35 in., .., and } in., by 2 in., is in Table 
The nature of the screenings is described as follows: 
=. 


+) 


. Garbage and paper 
a Dedsiies the Beaten Main Drainage | System is relativ 23 short, more screen- 
= ings were obtained from sewage of this system than from that of the larger a 
North and South Metropolitan Systems where the larger particles in the sewage Me 
os have : an opportunity to become well disintegrated before reaching the s screen 
| 
The weather during the tests was about normal except during the day 
~ September 18, 1936, when the zs-in. screens were in use at Nut Island. At this 
| aa 4.64 in. of rain fell and screenings were ai: at the rate of 143 ° of 


—— 
— 
we 
the 
tof 
ag 
that with increasing detention periods the increments of remov 
3 4 
Zz 
larg 
d 
‘grea 
Pasture..........Garbage and paper, with leaves after a heavy rain 
Deer Garbage and paper with some hair and bristle q 
“mer 
‘The 
A 
Large particles of 1oating and suspended solids were removed 
— of fine screens. Only a small quantity of the grease (one of the main offende <i 


a 


in rendering the was on screens, and is 


apparent that fine screens without additional help are insufficient to 
the objectionable appearance « of the harbor satisfactorily. Only about 5% 
to 8% of suspended solids were removed by the fine screens as compared with 


about 50% removal by plainsedimentation. 


TABLE 9.—Exrermentat Resuuts, Fine Screen Tzsts 


=. 


ours 


al h 
Percentage reduction | 
in suspended solids 
Percentage reduction 


Pounds 


Tot 
| Pounds per 


| million gallo: 


= 


me (a) y-INcH 


Calf Pasture | 1935) 167.5 | 21.23 
1935} 60.0} 5.92 
1936} 60.9} 9.16 
1936} 33.5) 4.70 


| 102.5 | 10.24] 83.3 
| 80.9] 4.04] 32.9 
6.9 | 33.7] 1.90] 47.7 


coom 


Lares Scate EXPERIMENTS, Boston Main DRAINAGE System, 1936 


_ Mention has been made herein of the use of one of the large storage t tanks" 


_ large scale, and to give some indication of the possible use of the present equip- 
FE _ ment of th of the Boston Main Drainage System for purposes of sedimentation — 
grease removal. a The tank used was trapezoidal in shape, 162 ft wide, and had 

— an average length of 612 ft. _ The floor at the outer end, which is ‘slightly confi 
that of the i inner end, was at Elevation 9 (mean sea level). The tank 
a qui with a dike, with weir and skimming baffle and gates to | prevent the 


2: sewage from flowing out of the bottom. The skimming baffle consisted of a 


a floating, vertical, wooden ‘structure about 3 ft deep, 2 ft of which were ‘sub- rf a 


The spreaders were connected i in — a way as to allow the baffle to rise and 


3 fall with th the level of the sewage. It was the purpose of the baffle to prevent 
the p: passage e of this floating matter over the weir. During the first ex experiment, 

from August 11 to September 4, the settled sewage was stored in the three | 
i Temaining tanks and discharged to sea in the regular manner on the second : and 


am hours of the outgoing tide. Sewage from the experimental tank was dies 


= at Moon Island for continuous flow experiments to determine the removal of 
+e suspended solids and grease from the sewage of the Boston Main Drainage y 
le System. _ These experiments were conducted i in the first place to compare, so 4 
far as practicable, the results of the small scale experiments with those of the 


st “merged, held 6 ft out in front and parallel to the sides of the dike by spreaders. . E ¥ 


estimated to be about three Beginning September 8, ‘experiments 


a 
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POLLUTION OF BOSTON HARBOR 
continuously; that is, the three were not used, se sewage passing 
through the experimental tank only. . This part of the experiment was diss 
continued on’ September 18. At the conclusion of each week’s run on Friday 4 


: 


evening, the sluice gates were opened to allow the basin to drain and the lower 
section: of each bulkhead was removed and the basin flushed out. Frequent 
a leaning of the tank prevented the occurrence of septic conditions with the 


formation of gas which would interfere with The.scum was 


and the settled sewage Ww were collected each half- lends and composited 
Shr period. Determinations for dissolved oxygen and pH were made in the field 
and the ‘Geterminatiogs | were made i in n the 


_ measurements ei the én could not be made, but estimates were made from 
the level of sewage in the basins before , discharge. ~ Considerable s sewage, = 


5 to 10 mgd, the planks i in the boat or 


Island, because of the losses mentioned. The scale settling and 

skimming tests at Moon Island were made over a period of 28 operating days. 

if During t these experiments, harbor and shore samples, were collected in addition — 


to the regular composites of raw and settled sewage amples of the scum and | 


sludge were also collected to determine their value for grease recovery and for 


detention varied 1.7 to 5.8 hr and averaged 2.8 hr. During 
the test the Average daily flow ripe the tank was about 60 million gal. . ae 
The average results of the settling 


geile beau Aned 


gilé “TABLE 10.- ‘Tests, IsLanp; 
Boston “Main DRAINAGE SYSTEM 


ond 


Average sewage concen- | Free Oxygen Kjeldahl Bio-chemi- 
tration, parts per ammo-| Chlorides | ¢on- Fats val mand 
49.6 |. 8.58 |. 34.2 
307 | 300 


19.9 | 308 | 415 


‘The raw sewage from the Boston Main Drainage System, during the tests sof 
1936, was somewhat weaker than during the experimental work in 1935 at 
Calf Pasture. The concentration of suspended solids was particularly less in 
1936, averaging about 162 ppm in 1935 and 119 in 1986. ‘The strength of the ag 


sewage varied from hour to hour and from day to day. The strongest sewage 


Was received during the afternoon and early evening, and t the weakest sewage 
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continuous discharge, the weir readings were made every two hours 
| and these measurements should show rather accurately the quantity of 
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POLLUTION OF OF BOSTON HARBOR 
arrived i in the early morning. . The suspended solids in the raw sewage varied — 
during the tests from 50 to 302 ppm. Iti is interesting to note that the removal | 
: of the material by sedimentation, in the large tank experiments, compared 


4d In connection with these experiments, it should be 
= large basin used for the experiment was designed as a storage t tank and not as a i 


tank, and accordingly the distribution of the : sewage at the inlet was 
4 


volume of s scum | accumulated in the tank, velocity of the: sewage ‘carried 4 


—Vinw or Moox Guowme ENT ov 


some of the scum under the baffle and over the weir. * Cdeiittedl the saad 
that the large chamber was not well fitted for settling and skimming of sewage 
a solids, the results obtained were very satisfactory and indicated that better 
- results might be expected with a tank properly designed and operated. — 0 on ie 
lt was impracticable to measure the sludge removed as it was distributed ES 
_ over the bottom of the tank in a thin layer, and it was impossible todrawdown — 
the tank without disturbing ar and losing some of the solids. _ However, ealeula- 
tions made from the reduction of the suspended solids | ‘indicate that, in all : 
; Es probability, an average of 21.2 tons of dry solids were removed daily, which | a ss 
favorably with» the stimates obtained during the Pasture 
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OF 
of floating matter held back on the of sewage by 

the skimmers was much greater than expected, and rough estimations indicate a 

_ that as much as 40 cu ft per million gal of sewage may be removed i in this 
_ Manner. _ The grease content of the sewage varied considerably from day to c 
day. The average results of the analyses of the scum showed that it contained — 4 
ar about 89% moisture and 77.5% volatile matter. An average of 42% of the “— 
dry solids wa was fat and 2.8% was Kjeldahl n nitrogen. | tot 
hae The raw sewage had an average of 34.2 ppm of fat which was reduced w 2 
20. 0 ppm by sedimentation, a reduction of 41.5 per cent. 

order to determine the effect on the harbor waters, of the discharge of 
settled sewage, aerial photographs such as Fig. 11 were taken during the large- Se 

- experiments at Moon Island. A comparison with Fig. 3, taken | under — 

conditions of normal discharge, indicates that the sleek areas s resulting from 

= ~ the discharge of settled sewage were not as sharply defined as before and that 
appearance of the | the harbor water was considerably improved. _ Conditions 

on 1 the incoming tides « during periods of continuous discharge at Moon Island, be 
Pp _ however, were not sufficiently satisfactory to make such a practice advisable 


new of discharge cond remote from the shore i is provided. 
—VIABILITY on. Bacrerra IN ‘Sea Water 
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Btudies by the he’ Massachusetts of Public Health 

i x mine the effect of polluted water on quahaugs, a mollusk of the hard-shell — 
os. variety, showed that quahaugs obtained from polluted waters were compara- 
tively free from organisms of the Coli-Aerogenes group after immersion + 
8 hr in clean sea water. In order to ascertain if the disappearance of or- 
 ganisms of this group was due to the shellfish themselves or to the sea water, is 


3 ty experiments were conducted at the Lawrence Experiment Station of tid An: 
Department of Public Health to determine the reduction of bacteria of the _ a 

 Coli-Aerogenes group in sewage when discharged into sea water. Similar 

“experiments ; also were ‘made to show the effect on these bacteria when dis- 

q at into the water drawn from a tap of the city of Lawrence. In these 4 

| experiments, sewage was added to the sea water and the tap water in pro- 

q portions of 4%, 1% and 14% of the volume of water into which the sewage a 

was added, and the samples were kept shielded from direct sunlight, the tem- 
perature varying ‘from 50° to 70° FL ‘The sewage alone and the untreated ps j 
<3 Po sea water were kept under the same conditions and analyses were made after ek Y 
3 ; $ 1, 2, and 4 days. . The results of these tests (see Table 11) show that the total — he E. 


“ig 
8 


y baal 1a. 12.—Viasiuity oF Bacrerta Sea odd 


ie mixture, but very rapidly in the sewage and sea-water mixture. Because eae 

of this very considerable reduction i in the numbers of bacteria i in some instances, i sf 
the first 24 hr, the experiments were later continued by providing shorter 
- periods of contact of the sewage with both the fresh and salt water. — The me ; 
Matter results are shown on Fig. 12, a comparison between regular sewage = Ee 
sea water being as follows: ol sew douty to 


Nahant sea water 770 
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POLLUTION: OF ‘BOSTON ‘HARBOR 
ar REMEDIAL MEasuRES CONSIDERED FOR 


Me Although the discharge of sewage into Boston Harbor has not as on 
al caused conditions dangerous to the public health, objectionable floating matters — 
a - gharacteristic of sewage may sometimes reach certain shores and, in the future, 

the demands of the public may require improvement. a 
aa a6 To eliminate the pollution of Boston Harbor, either the sewage pom be: = 
Discharged farther out to sea; (2) treated for the removal of 
_ solids and grease before its discharge into the harbor; or, (3) treated to remove 


solids and then | conveyed by. tunnel and outside the haber, 


interpept the sewage from the existing main sewer outlets—namely, the North a 
Metropolitan n outlet at Deer Island, the outlet of the Boston Main Drainage oe 
District at Moon Island, and that of the South Metropolitan outlet at Nut 
te Island—and which would have a point of outfall in the Outer Harbor in the 
za vicinity of The Graves. It was found to be impracticable to construct such a 
an intercepting outfall sewer unless it was in the form of a tunnel, because 8 
Boston Harbor consists of a number of deep valleys filled with clay and other 
glacial deposits. Between these valleys : are peaks of ledge which reach i in 


tunnel in n ledge. Thee engineering and part of investigation 
; Ps showed that the sewage from the Boston Main Drainage District can be — 
oa disposed of by a tunnel 9 ft in diameter ‘from Moon Island to Rainsford send 
ats (a distance of 9 950 ft); and that the sewage from the South Metropolitan 
District can be sent in a tunnel 15 ft in diameter i in rock from Nut Island to — z 
_ Rainsford Island (a distance of 10 450 ft). . The tunnels from Moon ‘sland - 
and Nut Island would forma joinit tunnel at Rainsford Island, 18 ft in 1 diameter, 
At Lovell Island this tunnel would intercept an outfall sewer from Tees Be 
“4 Island which would be for the most part i in glacial deposit and | would be 14 ft 
in diameter and 9 200 ft long. The sew age from the Deer Island connection ie 
 eould enter the tunnel by way of a shaft. _ From Lovell Island the tunnel . “ee 
> be 23 ft in diameter and» would extend to the vicinity | of The Graves, Ba: 


= 


= 


a distance of 18 600 ft. The latter tunnel also would be entirely i in rock and ae ve 


would have a capacity of 1 205 million gal in 24 hr, According to the design 
proposed, provision would be made { to discharge the sewage 2 at , The Graves 


through a system of multiple outlets where the depth of water at mean low 4 ips 


tide is 30 to 35 ft. The estimated capitalized costs of these outlet works, — 


a including. the radial. outlets from the terminal chamber. and all tunnel con- ep 


struction, but not including the cost of new pumping facilities, were $26 100 000. 
a _ The capacity of these works which was for a flow of sewage amounting to 1 205 
i is approximately five times the- average daily flow. of sewage from 
-. Chips that were released i in the vicinity of The Graves reached the shores of a 


te lis 


‘Boston Hart Harbor and v brand various points ‘along the coast remote from The 


4 
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"proving rather conclusively that, if the: is to be from reaching 
_ the shores and causing objectionable conditions among bathers, it will be neces 
sary, even with the outlet as remote as at The Graves, to treat it for the remova 


of grease e and floating matter. Under the the plan of extending 


me “anti it is necessary to provide such works in connection with the disposal of 
treated sewage. Fig. 1 shows the location of the suggested outfall works to 


Bes) can be newest which will permit the treated sewage to be discharged, in the 
* _ beginning, in the vicinity of Rainsford Island. Float tests indicated that, near 
cs this island, sewage treated for the removal of grease and suspended wast 

could be dissipated on either the or outgaing ‘ties before reaching 


consist of screens and sedimentation tanks with skimming and 
7 removal equipment. The skimming and sludge would be disposed of by barg- 
i, ee. to sea. The first cost of such works for the three districts, including the 
“cost of | operation and the cost of disposing of the sludge, grease, and other : 
-foatng matter, together with the cost of additional pumping, is shown in "te 


P Sewerage | Sewerage 
Bid lo add a ahs ie System | System 


First cost of works consisting of bar screen with ven 
_ cleaning devices, sedimentation tanks with skimmingand | 
sludge removal equipment $2 907 000 | : 5 539 850 3 6 023 10 


3,300 000 | 7/190 000 7580 000. 
269.910) 


Total cost of partial treatment to 1955 ‘ rm 207000 | $12729 850 | $13 583 000 a 


The p prbbleiti‘o of sludge disposal is usually the most difficult one to be solved ms 
in the treatment of sewage. . The location of the proposed plants on islands in > Be 
Boston Harbor points at once fo the disposal of sewage sludge by barging to sea; a Bre 
nd this would undoubtedly be the most economical method, especially if the oy 
sludge could be carried to sea as chea aply as is done by the Passaic Valley (N. J. )» 
Sewerage District where the cost is only 14.7 cents per wet ton. In Boston, a 
_ Operation of sludge steamers or barges by the authorities in charge of sewage tg a a 
disposal | would probably be less expensive than a contract, as sea-going 
of type for this work are nets now available i in Boston 


ty Fi * Interest at 33 per cent. 
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the vicinity of the main sewer outlets at Deer Island, Moon Island, and Nut 
 Ysland. When the treated sewage discharged from such works causes 3 
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oh _ Although the park departments of the city of Boston and the Metropolitan — * 
. 4 District Commission were not interested in the u use of sewage sludge as fertilizer, 
_ provision should be made in designing the treatment plants for proper -elevations y 


and sufficient | area for the preparation of sludge as fertilizer if it should b become 


tt study shows that the quantity ¢ of ‘putrescible matter discharged i int 
-_ harbor is not sufficient as yet to cause a nuisance resulting from the deple- _ 
- tion of oxygen. Objectionable sleek areas, however, are often present over 
: = portions of the harbor and, under certain tide and wind conditions, 
"grease and other floating matters, characteristic of sewage, reach the shores. a 
kg times of considerable run-off, sewage overflows from the main trunk and ~ 
sewers and reaches shores used for bathing, == aati, 
Bacterial examinations do not show the presence of bacteria characteristic 
a of 1 sewage pollution in the waters of the bathing beaches in such numbers as 
. would warrant the prevention of bathing except in the vicinity of f sewer over 
ae. ~ flows and at a few: places where sewa age is discharged directly into o the harbor. 


ss Lo correct these unsatisfactory conditions it will be necessary to — 


| q 
4 
= 

a 


treating the sewage reaching the main outlets for the removal of matters that ‘ 


a Although the discharge of sewage into Boston Harbor from the main sewer 
oo” outlets may not as yet cause conditions dangerous to the public health, the — ie 
4 nuisance f from sleek and floating solids makes a change in the present methods 
1 The most economical method seems to be the removal of suspended and x 
floating solids in sedimentation tanks provided with skimming devices andthe 
transportation of the solids and grease to sea in barges. complete treat- 
q ment and the extension of the present outlets at some future time, when — 


sewage flow makes it necessary, are the e logical pee in the disposal 0 of the sewage 


om 


ty 
The extension of the outlet systems by a tunnel to a site in the vicinity of 
a The Graves without preliminary treatment of the sewage seems a 


won iow gts dice ol will 


resentative san ization | 
4 ssachusetts Agricultural Experiment Station and the organisation 
— a ree the fat content is rather high and that the product is rather poorly os 
4 se as @ fertilizer for most crops, as it contains too much nitrogen as es 
2 = = d with the phosphoric acid and potash. For many hoed crops the > 
acre would be properly balanced by the _ 
— is he rate of 1.5 tons per z 
4 used at t lir 
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points: relating to these sewerage and drainage of the Metropolitan 
> “Ares are presented i in this excellent paper. ahaa these points are the distinct — 


of cle 
; yer extension of the outlets, and the treatment of the sews age | without 
the extension. The writer will limit himself to certain general points of ville” 
interest instead of discussing the more technical features of the paper. Hikaoe 


as From the very beginning of its organization, the Massachusetts | tate 
De Department of its predecessor, the State Board of Health) 


he 

sewage, and sewage treatment. second annual report 
@ the old State Board | of Health, covering the year 1870, contains a most — 


4a 


interesting letter from the chairman of the Board, Dr. H. I. 


_ “Houses for the People, Convalescent Homes and the Sewage Question”— a 
curious combination. In this letter, in which several 
are made to his visit to England and the continent in 1870, considerable space 
an is s devoted te to the controversy, t then raging abroad, , over th the earth closet system es 
he ‘versus the water | carriage system for removal and disposal of excretal matters— 
Scontroversy now forgotten, 
is also interesting to note, in light of the consideration given by the 
~ authors to the possible production of fertilizer from sludge obtained by treat- 
— ‘ment of the Boston — the following paragraph from Dr. Bowditeh’s 
ae a: “But there i is one fatal defect of London s and of all American nrg 
_ and that is its waste.. Probably there is no such widespread recklessness 
cal. spendthrift prodigality anywhere so noticeable among civilized nations 
' as this throwing away of such vast amounts of this most excellent of — 


‘manures. _ We take thousands of tons from the earth annually, and totally a a 


Nature’s law of economy, which declares that what has been 
- once taken away must be returned again to earth, otherwise the earth — 
- itself will become improverished and will refuse to labor for us, I say | 


ignoring this law, we squander an immense amount of 


: ce Wt. Bow itch was not the first nor the hate to feel that way; but after sixty- nine 
; Beth sanitary engineers have not yet reached the goal of economic use of = 
for its manurial value, as is evidenced by the very tentative way in which the ; 
authors discuss the possibility of utilizing sludge for fertilizer. 
fie The interest displayed in the sewage problem by the State Board of jell ei 
: undoubtedly was one of the ) reasons, at least, for the construction of the sei =a 


Drainage System of Boston and of the With the | intro- 
Cons. ‘Engr. (Metealt & Eddy), Boston, Mass, 
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DaMARTINI ON POLLUTION OF BOSTON H 


 duetion of the Cochituate supply of water into Boston in 1848 there had bebe 
=. marked improvement in sanitary conditions within the city; but objectionabl 

conditions i in the adjacent waters resulted from the discharge of Sewage from 


sewers and drains at many points ; along the water-front. a As time went on, 


irrespective of the steady growth of population and in- 
Ss ——. In fact (as the authors show), based on the criterion of the oxygen 


cond 


zi = ndaiting in a demand for a standard of cleanliness consistent with « pre 
4 a good housekeeping. A similar trend has already been noted for some years i 
o ae the water-supply field where the public now insists upon supplies of attractiv 
‘ qualities as well as safe from the standpoint of health. The authors have & 
; - recognized this trend in their conclusions with respect to the undesirability of o 
zs _ grease b balls and other materials of sewage origin reaching the bathing beaches. 
It must be remembered, however, that the correction of conditions 
pollution costs substantial sums. In the last analysis the people can have 
_ just what they are willing to pay for, and when demands for improved con 
_ ditions are made, those who make these demands must be prepared and willing — 
os to pay their share of the costs. The sanitary improvement of Boston Harbor 3 : & 
a is a type of public w works project that might better be undertaken than many oS 
for which the taxpayers’ money has been spent in recent. years. 


F. E. Assoc. M. Am. Soc. C. E. (by letter) many 
os respects this excellent paper could | apply as a ‘description of pollution in San 
Francisco in California. may be of interest to outline | briefly th 


«Until February, 1939, the untreated sewage of San | Francisco was discharged | 

to San Francisco Bay through twenty-eight outlets. _ Approximately | half of 
- a these outlets discharged sanitary sewage and the others discharged storm water ay 

ve and varying quantities ¢ of sanitary sewage, depending upon the extent and 


of rains. ‘Three of the outlets—North Point, Bakers Beach, and Mie 


. Local nuisances at some of the smaller r outlets are critical, particu: 
larly ir in the channel parallel to Channel Street, andi in Islais Creek. Sludge: 


ie In 1932 a 1.0 med activated sludge sewage treatment plant was construete 


- x the Park Department, in Golden Gate Park, to reclaim sewage for irrigation 2 


— 
—— 
0! 
Wide, 
the progressive improvements in the collection, interception, and dischargeot § 4 
| a 
the other hand, the fact that solids from the sewers can reach the 3 fl 
: = Bee 4 and the striking evidence afforded by Figs. 3, 4, and 11, show clearly that filthy — a 
ioe a itions exist in parts of Boston Harbor. — Furthermore, in spite of the — ke ts 
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park and sludge for use as fertilizer. ‘This was the first 

plant of any importance built in the city. yaivloy 

In February, 1939, the 15.0 mgd Richmond-Sunset Sewage Treatment Plant 


started operation. At times of heavy ‘Tains and diluted sewage the plant 3 

designed to handle peak flows of 55.0 mgd. This is a primary treatment plant — a 

removal of grit, grease, and sludge. Chlorinating equipment is provided 4 
coat for the control of odors and disinfection of plant effluent. Briefly the factors — 

oy ieee to the construction of this first ae treatment plant were as follows: 


; = on the San Francisco side of the aapretwee by she California State 
Department of Public Health in recent years due to increasing pollution of the 

P 


‘The complacent attitude of the | city yy toward this ‘pollution of San Francisco = 
Bayt underwent a gradual change starting about 1931. Invest gations by the = 


_gity and State health departments were the principal I stimuli to the new view- 
point. These inv estigations definitely indicated the gross ‘pollution at Bakers 
uatic Park, and Yacht Harbor i in ‘the Marina. These recreational 
areas are used ely by large numbers of people 
Conditions at China Beach were studied by the California State Department oy a 
x of Public Health in connection with a project to make the beach and adjacent | : 
lands a State and city park. Shortly thereafter a bacteriological study of the Teg = 


ly waters along the northerly and westerly shore line of the city (from pier 45 eis 


oe imabieo Department o of Public Health. . Both « of these investigations indi- a Ea 
f . ae the serious extent of the pollution and the magnitude of the a 
involved i in its elimination. — By 1934 interest had been aroused to such an 
- extent that a board of consulting sanitary engineers was appointed by the city rto 
i study the problem of treatment and disposal of sewage from the the city and pro Ae Me 
‘San Francisco. In 1935, gor board submitted a and 


dity’s 8 at a few points and for treatment of sewage into 
os Francisco Bay and the Pacific Ocean. In accordance with this plan sewage — 
- from the Marina District has been pumped to the North Point Outlet uitce a 
1987, and the Richmond Sunset Sewage Treatment Plant was completed . 4 
February, 1939, The sewage from Bakers Beach District, Richmond District, 
and | Sunset District is treated at the new Richmond-Sunset Sewage Treatment 
= Plant, p prior to disposal into the Pacific Ocean at the Mile Rock Outlet. These 
developments will greatly improve conditions at a large number of small 
2 Bary and particularly at the Marina, Bakers Beach, and China Beach. _ es 
In addition to San Francisco there are & Har e number of communities ‘dis. pa 
c e g x 


4 
pollution of a number of bathing beaches, (2) unsightly sleek areas, and (3) a 
cowage colide and odors at manv noints along the buikhead line on the 
a 
yt 
— 
x 
oF 
Burlingame, San Mateo,*Palo Alto, and Petaluma, have built treatment plants, 
but there remain a large number of places that are seriously polluting the bay 
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similar to those of the San Francisco Bay area. 


an oft the he investigation of of the pollution of Boston Hashor. and of corrective mea-— a4 
sures proposed raises a point or two in the writer’s mind which, in connection _ 

with a problem of this nature, may merit some discussion. = ae 


netiie not stated in the narrative whether the tubes from which data were Bet 
9 gathered for p preparation of the ‘ “isocols” in . Fig. 9 were set immediately | after US é 
the samples of mixed sewage and sea water were taken, or were iced and set — 
later. The procedure here may have an important bearing upon conclusions 
because of the fact that sea-water plankton destroy bacteria quite rapidly, and 
. time becomes an important factor in arriving at the number of tubes positive, 
_ This is well illustrated in Fig. 12. If the samples ° were set immediately after ES 
_ they were taken, the ‘ ‘‘isocols”’ peony: in Fig. 9 may be said to | represent a 
fairly tr true degree of pollution. However, if they w were iced: and set some hours 


an alternative to sewage at the Graves, ‘the authors propose 
A ee subsidence works for the Boston Main and the North and South Metro- — 
politan: Sewerage Systems. It is not clear to the writer that construction of 2! 
plain subsidence works at the points indicated by the authors, followed by the 
discharge o of settling-tank effluent at present outfalls, will have any great 
effect upon the spread of contamination over the ‘surface of Boston Harbor 
waters. Tn all probability, it will prevent the washing of objectionable mate- 
age origin on to the beaches; but the ‘sewage discharged — gk 
“4 at or near ‘the surface or through the sea outfalls, ‘at present locations, will re 
_ probably spread over and pollute as great an area within the harbor as is now _ ‘ 
the case with discharge of raw sewage. The fact that the harbor mud is Si 
polluted to the extent indicated in the authors’ ‘description seems to testify v4 . 
_ that a large proportion of the ‘suspended material i in the ‘sewage settles quite 
=, Ss promptly i in the comparatively still harbor waters, as is to be expected. Such 
ee. Baye the case, surface pollution, even at the present time, must be due largely Sey 
to the spread o of mixed sewage and sea water from which much of the suspended 5 
“matter has settled. The writer's criticism is ex entirely invalid ‘if plans 


_ template the sterilization of the effluent prior to final disposal. 


Harrison P. Eppy, JR.,!° AND SAMUEL A. GREELEY, MEMBERS, Am. Soc. 


EL (by letter) —An ‘excellent description of one of the e earliest compre- 
a. hensive sewerage systems, and of conditions in Boston Harbor after these works 


Asst. Chf. Engr., Los Angeles County Sanitation Dists., Los s Angeles, Calif. 
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had —_ in service many years, is ; presented i in 1 this paper. f) 
complimented on the completeness and thoroughness of their work. 
This area has been most fortunate in having available favorable tidal 
 urrents. Although the photographs in the paper give the appearance of an ae 


Pe extremely unclean condition on the surface of the harbor waters from the Moon ‘@ an 


‘Head outlet, the intermittent ; discharge and the prompt removal and dispersion oe + 
of t the sewage by the currents have made possible the operation of this system ss 
about fifty years without creating intolerable conditions. At the Nut 
Son Island outlet, the submergence of the outlets tends to offset the continuous 7 


discharge; and at Deer Island submergence, strong tidal currents, and proximity af 


ee to the ocean are factors that have helped to reduce the unfavorable effects of a eS 


Under the provisions | of a resolve of the Massachusetts Legislature of 1938, 
a special commission was appointed to make an investigation relative to the x 
systems of sewerage and sewage disposal in metropolitan Boston. As. part | of 

_ its investigation, this commission retained the writers’ “respective offices as 


Sones engineers to investigate and report ‘upon the following two major 


@ Pollution in the Mystic River, and its major ‘and in the 


h and South Metropolitan Sewerage Districts and ‘ie 


2 Ih making their investigation and report, the engineers reviewed House 
— Document No. 1600, December, 1936,* the testimony gathered by the special __ 
commission, and many other dodumente, and made personal observations | of fie 
_ metropolitan Boston and the harbor, and of the main structures of the sewerage 
systems. Conclusions pertinent to the paper under discussion are as follows: _ 
Mystic and Charles Rivers —Objectionable conditions exist, at times, in je 
Mystic River, and its tributaries, and in the Charles River, due éo pollution’ i 
from sewage. This pollution occurs because, in times of storm, the capacity 
_ of the existing intercepting se sewers is insufficient to carry away the sewage and ‘7 es 


is ‘discharged into the streams through overflow channels provided for this s 
Correction of the objectionable conditions in the Mystic River, and its 


of storm water 
in the sewers has provided great dilution “of the 
sewage to prevent conditions from such overflows. ye qf 


— 

3 
— 
4 — 
4 — 

— 
[ 
— 
| — 
— 

— 
&few other municipalities to separate storm water and sewage in areas tributary 


‘AND GREELEY on “POLLUTION ¢ oF BOSTON HARBOR 
tesa Mystic Valley sewers were relieved by the ¢ construction, in 
936 and 1937, of the North Metropolitan relief sewer from Reading, Mass., 
oa point a short distance below Craddock Dam in Medford, Mass. This 
“relief sewer is now (1940) being extended to the East Boston pu pumping station; 
and it is proposed by the consulting engineers that the Hoste Metropolitan eon 
relief sewer be extended from East Boston to Deer Island. The estimated cost ve 
=a of construction of the storm overflow conduits, pumping stations, and force <P 
% mains recommended, including the extension of the North Metropolitan relief 
ys a Pollution of Boston Harbor- —To aid them in reaching a conclusion as to the : 
aa limiting effect of sewage in Boston Harbor upon the use of the waters, andas 
to the need for sewage treatment, the consulting engineers have adopted a ae 
standard for the desirable condition of the harbor waters, after consideration 
Meme of standards proposed ‘and adopted elsewhere and of the existing sanitary 
‘ conditions. _ They have assumed that, for the bathing beach waters of the : 
_ harbor, a single B. coli index of 1000 per 100 ce is a warning that excessive — 
contamination may | be present at times, and that an average index in excess a < 
By a of 3000 B. coli per 100 cc shows that the waters may be bat to the 


4 In examining the bacteriological analyses” made by 


be i= ‘Department of Public Health during | the investigations of Boston Harbor in 
1929-1930, and 1935-1936, the consulting e engineers made a large number of 

i charts showing the distribution of the B. coli index throughout the harbor. ee 

One of these, Fig. 13, has been selected as giving a representative picture of the Sey ‘a 

average or general bacteriological condition of t theharbor. It shows the average 2 | 

and maximum B. coli indices of all samples collected at each sampling aie 

a: during the 1935 investigation, as well as the areas where the B. coli index was 

f probably i in excess of 3 000 per 100 cc and those where there was a probable e 
B. coli index between 1000 and 3000 per100cc. 
ce It is of interest to note that, in general, the number of days on which samples 7 


AST 


RY 


1986. During 1935, the prevailing winds on the sampling days wer were from 
west and southwest, and during 1936 they were from the east and southwest. __ 
4 The ae B. coli indices occurred when the wind was blowing from the north 
ia and east. There is a possibility, therefore, that if all samples had been taken 
on days when the wind was blowing from the north or northeast, the average of a 
; the analyses would have shown much higher B. coli indices for the shore waters.” ra 
‘The consulting engineers have come to the conclusion | that the bacterial 


ee _ content of the shore waters of the harbor, as evidenced by the B. coli index, 


- rr limit for the safety of bathing beach waters. _ Furthermore, the proximity’ 
to the shore, of harbor waters that are highly contaminated with raw sewage 
from the outlets, is a potential source of excessive bacterial pollution which is 
‘ “certain. to increase in the future. In. addition, the stirring up of the mud at 
the bottom of the harbor, which 1 was found to contain many more bacteria ‘i 
_ characteristic of pollution than did the water at the surface, by strong onshore \ aa 
winds, j is a potential source of excessive bacterial Present (1940) 
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SOPER | “ON P POLLUTION ‘OF BOSTO 
-__ eonditions are potentially dangerous to the public health to such an extent that 


= 4% corrective and preventive measures should be undertaken as soon as practicable a: 


by the construction of sewage treatment works. 


Sewage Treatment Plants.—The proposed method of sewage treatment is | 
essentially the same at each of the three main outlets, and comprises the ; 
- following principal elements: Fine racks, g grit chambers, aero- -chlorinating tanks, =. 
sedimentation tanks, sludge storage t tanks, for of 
It is contemplated that the ‘sedimentation will equipped 
1% —— means for removal of sludge, grease, and floating solids. In order . 
_to increase the proportion of grease that can | can be Temoved by skimming, it is 
ae, deemed advisable to aerate the sewage and apply | a small quantity of chlorine i 
oa it. It is planned to burn the scum in suitable incinerators. The projects — 
include t! the 1e disposal | of sludge by barging t to sea, where it may be discharged 3 
- without ¢ causing complaint. The e excessive bacterial pollution of harbor and 
a - shore waters during the season of recreation can be prevented by disinfection _ 
oof the sewage with liquid chlorine. 
‘The total estimated costs of construction of the three proposed plants, : 
with capacities estimated for 1955, together with the estimated population and 
—- annual average quantity of sewage tributary to each of them in that year, — 
are given in Columns (2), (3), and (4), Table 13. On the assumption that 


TABLE 13. —Costs OF ConsTRucTION, wiTH Capacities ESTIMATED FOR 1955 


in 1955 gallons 


| 


to 
i] 
Ox) 

& 


3784000 | 284000 «649800 
249 000 214400 | 463400 


10022000 | 773000 | 703600 | 1476600 


SS 


20-yr, 2% serial al bonds of equal | annual ‘Tetirement payments issued in 4 an 
1941, the total annual costs of the three. projects, as of 1943, are estimated to 
q Gzorce A. Sopzr,” M. Am. Soc. C. (by letter).—Every one will be 
a ia grateful to the authors of this valuable paper for putting on record the im- Bes 
portant results of the investigations of the pollution of Boston Harbor. Had 

the studies made of New York Harbor been presented to the Society in suitable J @ 
2 papers at the time they were made, there is little doubt that they would Me F oR 
- been of much greater value to the profession. As it is, the work of the New fq 

- York investigators, up to 1914, must be sought in the three volumes of the an 


_ Metropolitan Sewerage Commission, which were published in 1910, 1912, and» 
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a » The conditions attending t the discharge of sewage into Boston Harbor have a 
been of much interest in . connection with the investigations which have been — 
The New York Bay Pollution Commission, which existed between 1903 and 


: 1906, took careful account of the conditions as they: were reported i in the official = ; a 
reports and looked upon them as a warning of conditions which should never =r. ae 


be allowed to ) oceur in the harbor of New York. xin} 
eS Some years later the members of the Metropolitan: ‘Sewerage ‘Commission | 
of New York went to Boston and visited the Deer Island, Moon Island, and :. 
_ Peddocks Island outlets, to see for themselves the results of discharging sewage ui Py 
ne under the three methods used. The reasons for the works and what they were ay 
intended to accomplish had been made familiar to them through reports and x 
correspondence. _ The chief engineer of the Massachusetts State Board of a 


politan Sewerage Commission sent i 
# to make studies, especially of dissolved arb the identical method weed 
had proved successful in the Commission’s hands in studying | the digestive a 
of New York Harbor for sewage. wh no RLU 


-— out of New York "Harbor, but that the harbor had a large capacity for — a 
_ assimilating sewage, harmlessly and inoffensively, provided the principles — ie. 
which the digestive capacity was utilized were thoroughly understood 
Proper diffusion was indispensable to digestion and ‘many ‘experiments 
Ps designed to “throw light” upon this subject were made in the laboratory, in _ 
A large tanks courteously set aside in the New York Aquarium by the New Y ork 
- Zoological Society, and by means of properly equipped boats, and pontoons 
i i filled with sewage on Long Island Sound and in various parts of New York — _ 
Harbor. _ There were parts of the harbor itself which were looked upon as 
affording exceptional opportunities for investigating the phenomena of diffusion is 
9 and digestion, and as these had the merit of practical application, they received — 
‘Very careful attention. Before the investigations of the Metropolitan Sewerage 
_ Commission 1 were concluded, the entire harbor of New York came to be looked S ; 
upon in the light of a great laboratory where experiments ona magn ayer were 
D. Wes ESTON, AND GaIL P. Epwarps, Members, Aw. Soc. C. E. 
(by letter).—In closing the discussion, attention is called tothe remarksby Mr. 
i Rawn, in which the pei has been raised as to the effect on the bacterial ig 
& counts of the length of time which elapsed between the collection of the samples: e 


Be and the “setting” of the samples, the results of which are shown in Fig.9. __ 3 a 


re 2 Re Chf. Engr., Dept. of Public Health, State of Massachusetts, Boston, Mass. ts pe 


Wards ands Wards Sewage Treatment Plant, Dept. of Public Works, City of New 
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ed Laboratory rect records show that, of all the samples collected in 1936, ane 
were more than 24 hr old before setting. Confirmed tests were made on all 


x _ The close correlation between the results of the bacterial ial examinations and S 
the sanitary surveys. would lead one to believe that an: any error from delay in 


c = setting has not affected the findings seriously, and to all practicable purposes — a 


_ these results are a fair indication of the coliform density of the waters in various 
parts of Boston Harbor. ‘e Undoubtedly, the bacteria density of tidal waters is 
_ affected by the plankton, but the laboratory of the Massachusetts State De ey 
partment of Public Health has no definite information as to such relationship. 
_ Accordingly, without supporting data the effect of the plankton ispecaiting 
_ Regardless of the killing, by plankton or other causes, one would have to assume 
that, if the killing were as Mr. Rawn states, the harbor waters inside of the 
point of outfall on the outgoing tide would be nearly free from coliform organ- 
See ae 12 shows that most of the killing is done in the first 2 hr and that — 
_ there i is little effect after that period of time. An examination of Table a: 
shows that in accordance with laboratory experiments conducted with sea wie: 
water and 0.5% of sewage the same number of coliform organisms was present A 
uF in the sample at the end of 24 hr as at the start. _ This number diminished to ay 
practically 0 at the end of 96 hr; but in the case of the 1% sewage with sea 
- water, the reduction was from 500 to 100 in 24 hr and again to about 0 at the - oe 
ef end of 96 hr. With 1.5% sewage added to sea water the reduction was from 


1,000 to 100 in the first 24 hr, 50 at the end of 48 hr and 0 at the end of 96 hr 
a, he results of tests meade in 1935 by Paul J. Beard and Niel F. Meadoweroft "i 
ee of Stanford University, at Stanford University, Calif., show that 60% of 


Escherichia Coli survive for a | period of one day and at the end of ten a: 
more than 3% are still present in the water. ‘Undoubtedly there is a need 


ee 3h It should be borne in mind that, in conducting any any studies such as that in an g 
a Boston Harbor, many inaccuracies can enter the study. For example, with | ats 
eS the use of one boat a number of hours may elapse between the collection of 4 


some samples; and during this period of collection change of winds and varia- 
tions in tidal conditions may play an important part. Furthermore, it should e 


be stated that the results shown illustrate only the conditions | found at the — 
: time the samples were collected; undoubtedly at other times objectionable con- 
ditions may be more pronounced. _ Taking all of these things into considera- a 


tion, the writers feel, therefore, that the results well, 


= kanes into the harbor, on the bacterial content of the water of the harbor, it 


should have been stated that the recommendations do provide for chlorination a 4 


The various discussions by Messrs. Eddy and d Greeley, DeMartini, & 
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TRANSACTIONS 


ne OF T LL ‘BUILDINGS Pit sill 


By OTTO GoTTSCHALK,' Esq. 


Discussion BY Messrs. SAMUEL T. CARPENTER, CHARLES B. Wintcx, 


We 
The simple method of explained herein is based on to 
determine visible model deformations? and on studies leading to a purely» a 


geometrical interpretation of them. 3 _ The subject has been outlined by the | 


ey writer several times since 1934 in computing inflection points | under vertical a 
_ loads. A structural frame is analyzed by subjecting it to given ‘displacements. . a. - 


is The resulting deformations are multiplied by the given loads i in order to obtain © 
the stresses. This process of interpreting the model experim ment directly 
avoids the hea of solving innumerable abstract equations, by introducing only a , 
the simple expressions for the deformation curves. _ For one-story portal 
- frames, with relatively stiff beams and fixed or hinged column supports, simple — x 
formulas were developed by the writer in 1932.6 The method presented herein — 
E applies to frames of any number of stories with any number of bays and d with 


a 


The etter in this paper are defined herein when first 3 
Be duced i in the text. They are consistent with those introduced in a prior a me 


G and conform essentially with American Standard Symbols for Mechanics, 
Structural Engineering, and Materials,’ compiled by a a committee of 


7 


‘Journal, Franklin Inst., July, 1926, and February, 1929. 7 
Am. Soe. C. E., Vol. 103 (1938), p. 1019. 


53 ‘Civil Engineering, May, 1934, p. 264, and February, 1935, p » 101; see, — , Civil Engineers’ Digest, 7 a 
1985. No. 1, pp. 1 and 4. 


Beton u. Risen, 1932, No. 16 252. 
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the ‘structures must be observed to determine the 
= the floors. The resistance of a column to that displacement (that is, the . 


share of the total horizontal loads that it will absorb) is proportional to its” 


stiffness: multiplied by the sum the relative resistance to ‘rotation of all 
_ the members meeting at a joint. For lateral loads geometrical analysis may 


; a be greatly ‘simplified because any approximation can be introduced that will 3 


_ affect, almost equally, », all the members of the part of the frame under con- 


Let _k = the stiffness, of Column A B. the of inertia of 


cotum, of height, 4; ratio of end ‘Totations such that m= 
and m = a relative such that 


he resistance to rotation of End A of a aes is: 


My 


and, 


es Oi is the rotation at End B’ with tenga to Line B’ A; and the height of the : 


ond the force, P, necessary to produce Displacement A = 1, is: ae a 


8 Sramanetions, Am. Soc. C. E., Vol. . 103 (1938), p. 1022, a (1) and (2). 
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centage that each | ‘column ree acting upon 


floor above) is in proportion | vlog to gin 
4 


-f). None of the many approxi- 
mate methods of wind-stress analysis of 
frames Proposed heretofore yields safe 
esults, unless it takes that quantity — 
into consideration. The complexities: pai 
introduced by poor proportioning of 
‘columns were emphasized by George E. Es 
Assoc. Am . Soc. C. E. , and 
Samuel T. Carpenter, Jan: Am. Soe. C. 
Equations (4) may be 
simplified for typical stories. In Fig. 
when Column A B is fixed at one end 
when Sp = 0) m=0 and is 
= (1 — 0.5 m) k = kat the other 
ied an opposite extreme assumption, that 
i, when Sp = k, the corresponding values 


k= The range of values of m 


 Unrr DISPLACEMENT OR AT 


then, is small. For typical 


ity at the are sufficiently similar te to those ‘at the bottom s 
a in ons structural frames, for lateral — of floors, m = 0 and 


iy 


which ka kp, instead of Sa and are sum or 


ra mo of the structural members joining Line A B at Points A and B, respec- 


- tively. For the p purpose e of the present analysis, therefore, one may read ve 4 
assumed k-values directly instead of computing the value of S first. 
Note that, in Equations (6), f and f’ have different signs and, therefore, 
must be added in Equation (5). 


As a further admissible simplification, when analysing any one 
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WIND-STRESS ANALYSIS 


Wi 
in ‘near 


F and little more e for bending moments when assuming inflection points at the . 


= middle of the column heights of typical stories. ova 


Site x fog 


Stiffness, kot 
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piven 
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2 
2. —D1acraM or TypicaL SrrucruRaAL FRAME 


‘Fig. 2 is | the iii of the ground floor and two typical ‘upper stories of s a 
structural showing the assumed k-values L in beams and 
_ columns all of which are different. At the ‘ground floor, on both sides of 


ody 
ta 
le Stuy 

ay 
lie 


Deh | floor wind” 


—_— story and, within each story, each bay are next analysed separately of 


be 


= 32.4 kips and Pay: = 28.8 kips, may act. t. (The kip, or “kilo-pound” be 


4 


to 


vat 


~ Lines 


= 


= 
hi h affect the deformations of all columns 
ag ll those simplifications, whic ‘te close to those found 
ag 
— 
— 
19 
=) 


Interior always form part of two adjacent bays, and interior 
beams, part of two stories. The height, A, is constant for all columns and, Ls 
3 the designer is only c concerned with relations between the deformations of ay a a 


the several columns, he need simply write at every angle the -——— -values at __ 
—.-values at the lower beams. For example, 
Point D at tbe’ nt 1), 0. 48, “md at the next floor __ 
below (n), = 0. 69; and for ‘Column D the: sum of. resistance at the nth 


ig} 


3.2x 1.23 =3.94 3.88 a 
be 
0.125/0.123 0.186 2460 


768 


—_—Stiffness, k 


ory 
Fig. 3.—Retative Resistance or Cotumns To Unrr LaTeran 


Line 6, Fig. 3(a), gives the total rotations (04 — Oz) of the columns at “ 
deft and at the right sides of the given bay, and Line 7 gives the v values of =. 4 


(@4 — 05). The sum of the values in Line 7 is 31. 67 and, the 


relati 
ive resistance shown in Line 8, are 31.6 = 


ae 


7 
18 
= 
| 

| 
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story t to the lateral = the top, 0.121, 0.125 0. 123 = 0.25, 


et etc. Similar values for the columns of the (n + 1) story, for a lateral load of ane . 
a Pw = 1 at the top, have been computed | as 0.135, 0.125 + 0.140 = = 0.265, Baye 


the he ground | floor (Fig.  3(b)) all 1 the ‘columns. are fixed (that i is, kas ©), 
‘Therefore, = ine 15, 3(6)). In Line 17, 


= 131; 2.99 x 7 = 20.9: 2.87 X 11 = 31.6; and, 2.57 X 9 = 
88. 7. ins Every column then absorbs of a lateral load, P; = 1, at the top in the | % = 


proportion: 147; = 0.236; = 0.357; and, = 0.260 (wee 

For the of computing stresses the designer needs to know the 
é ‘location of the inflection point in the columns, where the foregoing thrusts are no tal 
assumed to act. For typical stories those points may be assumed, closely 


enough, to act at mid- height. (Hale Sutherland Harry L. Bowman,” [| 
wv Members, Am. Soc. C. E., propose values that are slightly different, as a result — Ss 

at of studies of a large n number of examples.) For the ground floor, with columns = ed 
oe at the bottom, conditions at the top and bottom vary greatly and the Ae Ate 


points of inflection are to be computed at a distance, ha (see Fig. 1), from Point a * et 

Fig. 30), 3 = 6 ft; and, at ‘Column — 0.31. 
height, ha, to point of contraflexure i x isi : 10:6 ft. For Column 

0. 50 an “a (10 ft. , at Column 
6 X 2.44 6 X 2.29 

= 10.2 ft and, at Column D:ha = 10.7ft. 
‘Having analyzed the | structure in this manner the horizontal thrust or shear | 
‘ be columns in the nth floor is obtained as follows (Line 4, Fig. 3(a)): asi - oo 
Ts = 32.4 X 0.12 = 3.9kips; Tz = 32.4 X 0.25 = 8.1 kips; 32.4 x 0.43 
13.9 kips; and, Tp = 32.4 X 0.20 = 6.5 kips. Assuming that the inflection 
= ve points are at the mid-height of the columns, the bending moments at the tops is f 

will be 8.0 X 3.9 = 31.2 kip-ft; 8.0 X 8.1 = 64.8 kip-ft; 8.0 X 13.9 =1112 
The vertical reactions in the columns of the nth floor, produced by the wind aes 
Joad at the nth floor, may be obtained, assuming that the several bays of the t 
story must resist the overturning wind of 28.8 X 7. o+ 
460.8 kip-ft. As indicated in parentheses in Line 9, Fig. 3(a), the part of the 

“Structural Theory and Design,”’ by Hale Sutherland and Harry Lake N. Wiley 
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er 
‘horizontal t u t absorbed the tl 


0.25 X 460.8 _ 5 
d, conse equently the s sheat within ba: $ is 1. kip 


0.31 x 460.8 _ 7.1 kips; and, O46 % 400.8 = 8.1 kips. T The reaction at each 


the four columns i is: Ra = — 7.7 kips; Re = 7. 7-71= 0. 6 kips; Ro =7.1 
— 8.1 =-1 .0 kips; and, Rp = 8.1 kips. out lin “iid! of awab 
When only column reactions or beam moments are wanted it may be : 
— and sufficiently accurate to analyze the beams directly for shear as 


aS 


8.0 


(04s+03035- =266 | 


' 0.198x 43.3 =8.6 

Fra. 4. —APPROXIMATE Anatysis To Derermine SHEAR Beams AND REACTIONS, 4) 


"deflected laterally a distance, | A, assuming for convenience that re 


0.30; = 
ontheright and, therefore, ‘negative on the left of the columns. Note that those 
are only. relative values and must not be used ‘separately for the 


a Referring again to Equation (5), Line 10, Fig. 4, gives, for the three beams, 


:. A B, BC, and C D, ‘the coefficients of shears, =f) k , a8 0.177, 0. 152, and 
= 0.198, respectively; and, in Line 9, the same values are multiplied by the several 
span lengths to yield a total of 10.65. Therefore, Line 9 represents the sum 
ie: _ the moments of the shear at the ends of the beams, equal to the moment of | al 
with to Axis Arie BC Ps (as computed previously 


= 43. 3, the 
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ANALYSIS 
0.152 = 6.6; and, 43.3X0.198=8.6kip. 
te. reactions at Columns A, B, C, and ” corresponding to the n _ 


6. = 0; and, 8. 6 kips, “These ‘reactions 
a ae — to be computed in a similar manner for all the floors above, and added from 
the top floor down to the nth floor to obtain the total column pressure, ca ; 
= generally it will be close enough to increase the reactions obtained for the nth 
¥ floor in relation to total moments, as follows: Suppose that the center of gravity He 
of ‘the wind | load (32. 4 kips) at the nth floor is at 63 ft above the nth floor, a > 
st - shown in Fig. 2; then the reactions, : = obtained previously (see Line 13, Fig. 4) © 


a5 must be multiplied | by 4.43, making the total reactions, niet? in the ve 


8 columns of the “nth floor, due to wind pressure (see Line 14) = 


DIRECTION OF COLUMN REACTIONS | 
Fie. THE Drascrion or Cotumn REAcTI cA 


‘ Ps: The inflection points at distances, ha, from the left and at ha’ from the wight 
Des ™ Sai of the beams produced by the side-sway i in 1 Fig. : 4, have been computed | 
2 s by Equation (3). Multiplying the shears, Line 12, Fig. 4, by these values of f 
 haand ha’, gives the bending moments at the several ends of regs airs by 
d ‘wind load at the nth floor, as given in Line 15, Fig. 4. fy 
It will be noted that the in the columns are generally po positive 
and negative, alternately, and not (as frequently assumed in wind-stress 
analysis) positive at one side of the center of the frame and ne gative on the % 
other side. Such lead to considerable rror, 
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especially when the and shortening | of columns i is being mbes into 

The simple experiment in Fig. | 5 will illustrate how the signs for 
‘pressures may alternate. Fig. 5(a) shows a typical portal frame and Fig. 


jg the model reproducing it, held upside down at the top of the columns. The 3 


—elumn bases are held at their original distance from each other by means of al ; a 
fixed o one sliding rod. the rod is pushed to the first and 


fourth columns are pushed down, indicating pull and compression in 
a0 For very tall buildings the secondary stresses from the shortening of 
- compressed columns and the lengthening of expanded columns, may be of 
interest. Suppose that there is a possible average of 6 000 Ib per sq in. com- — 


to wind in exterior steel | columns of 


ity. = = 30 x 10°), the column would | shorten or or, 


in in every 100ft. Eventually, part of this deformation will be absorbed Je Re. 

= _ When designing very tall frame structures, therefore, it may be convenient _ gy 
to compute column stresses by either one of the methods shown in Figs. 3 and 

" and correct the oolemm loads according to the change of length to we expected, 


height, in a tall building the leeward column shortens 1 in. with to 
- nearest interior columns; and, assume a restraint equivalent to 50% fixation at 
h ends ¢ of the adjoining beam: —f'=1 in. If f that beam has a length of 


200 in. and ‘a moment of inertia of I 000 in.4, making: k= 1000 


200° 
= 6 X 30000 000 x 5 X 5 = 22 500 lb = 5 kipe 


is athe amount by which the load on the column must be 
and id the loac load on the it interior colt column increased | for a l-in. ee of saunter 


The elementary simple methods, derived rom ‘the visible experiment, 

a "which are are presented for immediate application i in Figs. 3 and 4, should | prove 


rt tool in structural design. merely starting from actual 

=> )-values of any frame the designer into the 

s encountered i in the sfield. That is is not possible with prior or methods 
of approximation, ‘nor with the abstract mathematical treatments, except, a 

perhaps, for the simplest. of structures. Fig. 3 especially presents the 


SS petaker known to the writer of analyzing, conveniently, those frequent cases 


ere the k L’ of some of sus- 


| 


— 
— 
4 
ay 
‘ 
= 
— 


pr generally. The ‘ “beam shear method” in Fig. ‘4 requires even less 
work and is recommended for quick calculation of reactions in columns sub- 
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al odd bas. 


bers of a skeleton is relatively infinite, such as reinforced conerete _ ee 
taining members of a ske is relatively 
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oe" 12 Assoc. M. hie, C. E. (by letter) .—The 
ment in the “Synopsis” that the author has presented a simple method of 
ye analysis i is | true, the writer having applied the method satisfactorily to several a 
cases with a great deal of ease, but not without first studying, thoroughly, the 
Fe Equation (5) expresses t! the horizontal resistance of a column for a total 
lateral displacement of A = =1. Not or nly is this equation - important in 
le analysis, but it may be of equal importance in making the structural design, if x = 
the designer places any importance in the final elastic action of his structure and 4 
the achievement of initially assigned column and girder shears. _ Although itis 
impracticable always to provide the required value of k for the columns of a 


.- it is usually practicable to provide approximately the correct stiffness for 
the girders framing to the columns. For example if, by the cantilever method, + 


shown i 3, and has provided a column of a stiffness k, then (f’ - 


we 


BE. This. criterion, plus Equations | (6a) and (6b), ‘ote in 

junction with a desired story deflection equal to A, should yield 

correct values of stiffness for the adjacent girders. aL sill 

ae _ For a case of building design A may be controlled by the designer to me 8 a 
0.002 h, or any other desired value. In most cases of regular story framing, 


an and for an exterior column, ka could be assumed equal to kz, making y - f 


which bx could be and be the. desired stiffness 
aa of the girders connecting to the exterior column. — _ A similar treatment could 
a be used in designing the girders framing to the interior columns. is Iti is s apparent, 


 iSihe designing of a tall building: to achieve a certain elastic action was spointed — 

out and described by H. V. Spurr,“ M. Am. Soc. C. E. Later, in a paper’ — 

_ describing the analysis of a model, designed to check experimentally the action 

} of a structure elastically designed, it was shown that such a design satisfied — > 

_ not only the required deflection but yielded experimental shears equal to previ- 

_ ously assigned values. This latter paper also deals with the practical problems eh 

3 _ of correct designing in the lower stories and around points of structural irregu- - 
larity. The writer believes that the author’s method would be thoroughly a 

Asst. Prof., Civ. Eng., Swarthmore Coll. Swarthmore, Pa. 


“Wind Bracing,” by H. V. Spurr, McGraw-Hill Book Co. | hola 


ae of Steel Wind Bents for Tall Buildings,” by George 
M. T. Carpenter, Jun. Am. Soc. C. E., and Clyde T. Morris. 
Experiment Station, 0 io State 
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ie of columns and girders for the calculation of stiffness. Si: 
author ‘shows: that secondary stresses, from the | 


ity of the floor joints, are of importance. _ It has been shown pA - 
ina tall building, the adjustment of column stresses is not serious in the upper 


stories, but of considerable importance. in the lower stories, due to the accumu- sg 
lation of girder shear corrections. _ The method presented by the author would 


that they are obtained, eliminating this is adjustment. 


B. Wrntcx,!* Assoc.” M. AM: ‘Soc. Tom E. (by y letter). —An 
and simplified method of computing wind stresses is presented in this paper. ; 
aa = Designers of buildings have long been in search of a iene method of obtaining a 


members of a building frame. development | of the Hardy Cross 


distribution due to wind loads on a building frame is relatively simple, 


especially if it is not extended toa high degree of : accuracy. ie Numerous attempts — 

_ have been made, more or less successfully, to obtain “accurate analyses” by | 
hg some one or other “exact method. ” The writer is cognizant of the fact that 
a the problem of stress distribution due to wind loads, even ina 1 relatively simple . 
does not lend itself readily to an exact solution. F looring, partitions, 
stair openings, elev ator shafts, concrete sets, and numerous other factors 


involved are e constant. A familiar with building s structures cat 
_ apply this method, and it is questionable whether results obtained by any 7 = 


“exact method” are superior to it. He sh bag 


+) Fig. 3 corresponds to the nth story of Fig. 2, ote: ~ Reference to both Figs. # 
a ‘e and 3 leads to considerable confusion and, as a substitute, the writer developed 2 


“Wind Stress Investigation Method Considering Direct Deformation of Columns,” 
Report by George E. Large, Ohio State University Experiment Station, 1937. * 


Queens Midtown Tunnel, PWA, New York, N.Y. | 


ing and 
— 
= 
a 
Sppear'vo be it should be the duty of the designer, 
buildi to assign correct values of direct stress and a 
particularly in the taller building, 
= ; 
2 

d accurate solution, through 
whether the time is justifiable and consistent with the 
— i the application of some “exact method,” is justi : ture. The method as 
ired in a problem of such uncertain nature. 
accuracy required in a p k is sufficiently accurate to serve the purposes of 

outlined by Mr. Gottschal is s 
— 
: 
= = : 
— — d 3, with the aim of applying some “short cuts” whe . 
teresting results. For this purpose, all come é 
— possible, and has found some interesti re : to referto 
"Fig. 2. The has found it difficult to referto 
 putations are referred to Fig. 2. ' 
— 
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= obtained and their r methods of computation were arranged as ex- 
ample, i in Table ay complete. computations were made i in logical order, 


«size the fact that ther is only approximate sufficiently accurate 
As the author states, when Sp = ©, m = Oand S = k; and, when S, | =k, ri 
= 0. 25 and S = 0. 0.875. The Tange of m, therefore, is between 0 


oe ‘and 0. 25; - that of Sis is between 0. 875 and 1. 0; and, therefore, the > assumptions — a 
— that—(a) The conditions o of Tigidity at the tops of columns are sufficiently — 

a ‘similar to those at the bottom for a typical story, and ®) that, in all structural 


. for lateral movements of floors, m = 


‘and lower which ch the « column spans. writer computed similar 
values by u: using either thet upper or lower floor beams and also the beams of both _ 
floors, with remarkable agreement in results. = 


Be. _ Table 1 1 shows the relative resistance values of building columns | ty) 
(n- + 1)th story to a lateral load of Pay = = 1 at the top as shown in Fig. He é 
using upper floor beams The first line shows the ‘k-values equal to! 
(or >, as the case may be). The second line gives - - O5)-values at 


0.562; = 0.592; — =0. 627, etc. Next, the — O2)-values are 


- which are equal to 0.562 X 2.5 = 1.405; 0.592 x 2. a 1.302; 0. 627 x 2. 2 
= 1.379 etc., the total being equal to 10. 40. ‘The relative resistances were 
as shown on the next line in the table. Then the relative column 
_Tesistances to the lateral load Pra = 1 were computed; and, in a similar 


| 


- ‘manner, these values were computed u: using the lower floor beams, the results * 
"being 0.135; 0. 126 + 0. 132 = 0.258; 0. 199+ 0. 223 = 0.422; and, 0. 185. 5. Finally, a: 
using both floors as the the eorresponding values were: 0.135; 

| 126 + 0.132 = 0. 258; 0.198 + 0.223 = 0.421; and,0.186. Table2(a)shows 
- the comparison of these relative resistance values as obtained for each case 
sS and further compares them with the same values as obtained by the author. 

z _ The disagreement between the writer’s and author’s values is probably due to 
the fact that Mr. Gottschalk has used the slide-rule. In order to make certain Bee 
and to ascertain the probable percentage of error by comparing each case, all a. 
computations were extended at least three decimal places and in some a a 
‘Table 2 (a) shows a agreement in th the first t dine columns, which jan 
"ee dead to the definite conclusion that the relative resistance values of columns 


be be obtained 


3 
4 Bag 
— “Soe 
€FOor in Or une column shears, moments, and reactions. 
As shown in Fig. 3, the relative resistances of building columns of atypical 
= 
at 
| 
of 
bu 
Up 
Ts 
@ 
th 
aking into account eit er t 1e upper floor 


ON WIND-STRESS 10 


Jower floor or r the beams of both floors. It is to compare the 
author’s results with those of the writer as shown in Columns (3) and (4) of 
‘Table 2 (a) (since both been developed under the same in 


ITI, using 


floors 


0.126 + 0.132 = 0.258 0.125 40.140 = 0.265 
0.199 40.223 = 0.422 0.198 + 0.223 = 0.421 


0.120 


0.126 + 0.133 = 0.259 | 0.124 +0.114 = 0.238 | 0.125 +0.122 = 0.247 
0.197 +:0.226 = 0.423 | 0.183 + 0.254 = 0.437 | 0.189 + 0.242 = 0.431 


ee order to ascertain the probable error — by the use of the slide-rule. | Thus, 


at Column B = = 1.027 a4 = 98.6; or, 2.7% at Column A and — 
1.4% at Column B. In other words, this comparison — that the slide- ie 


rule may cause anerrorofasmuchas3percent. 
Again referring to Table 1, the horizontal shears, 7’, in kips, were 
& and, since they are a direct funetion of the relative column resistances which 
5 are the same in all three cases, the results are: 3.9, 7.4, 12.1, and 5.4; and, .. 
bending moments are computed with inflection points at mid-height 


bs of columns, the corresponding values (in kip-feet) are: 27.3, 51.8, 84.7, and 37.8. a ‘¥ 


f! Inorder to obtain the vertical reactions, the shears at the bays were computed — 


in 


as shown on the next to last linein Table 1. The last line, completing the table, a 
gives the vertical reactions at the four columns of the structure. 
In a similar manner, , the writer computed the relative resistance values of a 
building columns for the nth story, due to the lateral load P, = 1 at the top, 
_ as shown in Fig. 2. These values were computed, first taking into account the 
. upper floor beams only, as i in Table 1, The : same values ‘utilizing: the ae ang 
floor atam, and the beams of both upper and lower floors, were derived as in ae. 
‘ Table 2 (b) affords a comparison n of the relative resistance values of columns — 
88 as obtained in each case and also compares it with the values obtained by _ * 
x pil diibadlonni of values in Table 2 (b) (see Table 3) shows a maximum error re 


of only 4. 86% in th extreme case, 


TABLE 2.—Comparison UILDING COLUMNS 4 
- 
ia 
§ 10.125 +0.133 = 0.258 
«0.197 + 0.224 = 0.421 
(6) For « Larsrat Loap = 1 
iia 
— 
— 


the resistance values of columns. may be obtaine 
5 a account either, the upper floor beams me the lower floor beams 


: 


as Table 4 gives a ae of the horizontal shears T, the moments M, and 


m probable error in 
a computations of bending m moments and ens} is ie 5% and is sufficiently — 
‘accurate for all practical purposes. The percentages for vertical reactions — 


were neglected since the reactions are so 100% 
would not affect the design materially. ih: dae i 


REACTIONS, 
Case I Case G Case I | Case IT 


Kip-| cent- | Kip feet kips kips kips 
error | feet | age 


31.2} 0.0) 31.2} 0.0 
67.2) +5.0| 61.6) —3.8] 64.0 
109.6} —2.1/112.8) +0.7} 112.0 
51.2} —0.2) 53.6) +0.3] 52.0 . 48.51 482 


a ihe o ground floor, but since the columns at this point are assumed to be entirely 
et ayh > fixed, it can readily be seen that i in order to obtain the relative resistances, both o 
However, the computations for the 
floor were tabulated as in the other | cases , taking into consideration: 


d by taking into | 
peamsof 
a 
; bes 
— 
4 
— — 
— 
Kips] cent- Kips cent- | kips 
— 
— 
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y necessity of ascertaining thecondition 
a 


column fixity at both ends before analysis is made. 
5 - The beam shear method of obtaining the a approximate shear, T, in beams’ 
and reactions, R, in columns, as outlined by Mr. Gottschalk, is rather ingenious. 
‘This s method i is relatively simple, and with little experience an analysis can be 
. ~ made in a relatively short time. The writer has checked the computations, ex ex- 
ig tending them to a greater degree of accuracy and finds no serious ercrrysell 
Sn _ In conclusion, it may be added that the very simplicity and brevity of the — 
theoretical analysis and derivation of formulas, as well as the ready applica- 
bility of the method to practical problems, are indeed a worthy contribution 
—tosuch a highly controversial subject, and the author is to be congratulated fe 
- his effort to lighten the burden of engineers s and designers engaged i in this field _ i Be: 
i of endeavor. Undoubtedly many short cuts will be found as familiarity with — 7 
either the -“column-shear” or “beam-shear” n method is gained. Thus, sinc since 
nearly the same relative resistance of the columns to unit lateral displacement ig 


was obtained for a given set of columns, in a particular bay, by utilizing the =. a3 


beams of the upper, lower, or both floors, it can b be seen Teadily t that intelligent a i 
2 seem “ the method will lead the experienced engineer to choose that of 


GorrscHatx, Esq. (by letter —The discussions | 
Carpenter and Mr. Winick are to be highly commended. Equation (8) will 
serve as a guide toward the proper dimensioning of structural parts to account ty 
for the final elastic action of the structure, , especially for earthquake design ;- — 


and Mr. Winick’s suggestion that the analysis of stiffness of a story. be based ar 


on either lower or upper beams only is a further great simplification and ae . 


Both upper 
and lower > beams ‘must be considered when k-values are not proportional ; for 7 
instance, in Fig. 3), when the k-values of the beams in the top floor Send Sat 
Line 2) are 3. 5, 4, and 6, and i in the bottom floor (see ] Line 5) 12, 6, and 4i in? 
the differences between results from either upper or lower beame are only 
about 30% and may create a wrong picture of the distribution and sign of | 
_ stresses. . The upper and lower floor beams must also be given equal = 
ae when the joint stiffnesses given i in Line 7 of Fig. 3(a) are to be used for the 
of deflection and the period of oscillation of the skeleton. 
ie A report. of exceptional value, concerning the Empire State Building, in 
New York, N. has been presented by Charles Rathbun, M. “Am. Soc. 
. E.,” and also in the discussions of | this paper su such as that by Colin eee 
Asso. M. Am. Soc. C. E.,” who present fundamental observations not previ- 
- ously available to the pusledlitss _In the writer’s opinion, no work on the — 
subject of wind bracing can claim to be complete i in the future without 1 referring — » 
to that paper. It certainly proves the need for some simplified method of 
wind-stress analysis such as the one presented by the write. 
*“*Wind Forces on a Tall Building,” by J. Charles Rathbun, Proceedings, Am. Soc. C. E., September, __ 


938, p. 1335, and December, 1939, p. 1771 
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= must work with irresistible force to bring about that perfection after, say, 


eieiled cannot be expected to be perfect at the beginning of its life. . Nature 


ten or fifteen years, 80 that finally every kind of material will work as a part *y 
A of the structure, in harmony with its physical properties. _ Thus, one more — 


new and responsibility r rests upon the engineer to design and balance é 


an the resisting structure so that the building may be perfect as soon as possible — i 


after its completion. must provide ‘appropriate joints in the ‘masonry 
: work, from the first, in such a way as to assure its permanent co-operation in 


ad 


|e 
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preliminary. analysis for which the methods derived from current abstract — 
theory are too complicated,” 1 and for which rule-of-thumb ‘methods and 
: __ ¢lassifications recommended i in textbooks are too far from actual conditions i in 
io t res, The writer has reduced the analysis to simple, direct addition 


existing ~ -coefficients, which makes comparative investigation final 
ris} stodgy? at. md ip 
design easy, rapid, and interesting. then method affords 
a better distribution and a considerable economy of 


Fundamental Conceptions. stated in the “Synopsis, the analysis” 
is an application of the: natural geometrical based upon 


Ste 21‘*Wind Bracing in Steel Buildings,” Sixth Progress Report of Sub-Committee No. 31, Committee on : 
‘Bteel of - Structural Division, Proceedings, Am. Soc. C. E., June, 1939, P. 969. ny 
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current abstract statics tend to anticipate “complications. over the entire 
structure, in ‘the way of redundants, etc., the experiments and theory derived a i 
from the writer’s method consider and deform only the stressed element that 
jg to be » analyzed and take into account only those of the surrounding | structural - 
Panui: which are visibly affected by that deformation. When it seems _ 
Ba necessary to refine the results, appropriate cor corrections are applied rather than 4 
recomputations that ‘complicate the procedure fundament ally. In wind- stress 
i analysis, moreover, the complications of ‘ ‘exac ” methods are the | less justified & gt 
because an unknown part of the stresses, as between one-half and 
 nine-tenths, is being absorbed by brick work. 
‘The theory explained in the paper may be further illustrated by seliinating 6 
Fig. 6. A floor of the he structure shown in Fig. 3(a) may be assumed to ‘0 consist : 
three resisting elements or independent frames formed by the columns and 
beams of the three bays. rotate frame Points B, and 
(Fig. 6(a)) through a an angle | tan- an! = ; fix each joint against rotation between 


cs the adjacent members meeting at that joint; and restore the vertical displace- 
fe: ment of the two joints that were elevated in the first step. The i resultant 
deformation is shown diagrammatically in Fig. 6(6) 
The conclusions of the Committee on Wind Bracing” confirm the results 
the writer’s investigations s. One of the conclusions may be quoted as a wel- 
come, progressive step: “The wind-reaction ratio—that is, the ratio of vertical - a 
Wind 1 reaction of inner column to that of outer column —was seen to be wholly — 
= determined by | the relative sizes of members and to be entirely under control - 
_ by properly varying these relative sizes.”* This conclusion is the more 


Valuable because the Committee arrived d at the : same results s along entirely 


writer the ‘simplified analysis to all beams and columns 

interesting three-bay, ten-story bent of the University of Pennsylvania tests, 
ee - the bending moments of which were given in the report. His analysis showed © A 
= 4 close agreement with those obtained by the Cross method—within 0 to 2% a 

a “most cases and as much as 5% in a few exceptional cases. The same tt 
stifiness values calculated for the bending m« moments served to obtain the 


exterior in Fi, ig. 7(b) they are short in the center but long at 
: ends; and in Fig. 7(c) the three left spans are long and the remaining ones are ~ 


=, ‘Wind Bracing in Steel Buildings,” Sixth Progress Report of Sub-Committee No. 31, Committee on 
of the Structural Division, Proceedings, Am. Soc. C. E., , June, 1939,  p. 9 ai 
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To obtain a uniform, k-values of beams in the three 
f >on have been assumed to vary in relation to spans and the k-values of 
the columns in relation to half the lengths of adjoining bays. The total foor . 
loading has been assumed at 150 lb per sq ft and the load of exterior walls i 
se at 1 ‘kip per front ft of each story. Under each of the three arrangements ir aie a 
‘Fig. 7 there is a diagram of column shear and one of the column reactions, 
with the shears in the beams indicated in parentheses. = 


These eagees are most instructive and their convenience can scarcely be | aa: 
over-estimated. Wide spacing of end spans (see Fig. 7(b)) make the reactions 
eis approach a planar distribution, whereas short exterior spans, such as in Fig. .: 
| | 7a), produce the most marked differences between the reactions of exterior — 
nd the nearest interior column. — This would agree with Mr. Skinner’s obser- 
r vation @ “Cracks were also observed in the concrete floors at the first row of 
_ interior columns, parallel to the exterior walls.” Consequently, where dia- # 
grams of reactions, such as those of Fig. 7, indicate abrupt differences between 
reactions at exterior spans and where prevention of cracks is 
important, joints or dummy joints are advisable at the first row of 
unless, in the architectural design, exterior ‘spans may be widened until the — - 
reaction diagram (Fig. 7) shows a more planar distribution, although the cost 
ofthe steel frame may be higher, 
ee that at reactions of the two exterior sintionidis at each side of the 
- structures: a slight correction ‘may be ® applied, as shown at the end of the } paper. 


Us 


YG | 


plu 


8.—W:! IND Fra. 9.—Der.ection or Bent From Untrorm CHANGE 


Bracing.—Knee bracing at the of columns has the effect of = 
" shortening the free length of both columns and beams, thus increasing the 


a stiffness values from k to ye “1 For conditions shown i in Fig. 8, the k’ -values 


In 


. Proceedings, Am. Soc. C. E., June, 1939, p. 1025. 
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7, Fig. 3) » Bik 
example, let = ks; Co = C3 = cy = 0. .25 and 


and 


and the shear resistance | (Li ine 7, Fig. 3) ake 


ndintng thet a the i increase due to knee bracing is more than 40 per cent. 
| the shear resistance of the column (see nd 
Fig. 8); then the 45° knee bracing will receive a stress 2 at the weer left and right 
ides, respectively, of 2:45: the height 
Sides, r spective y; ks and Te + In steel structures the the heig 
ne es and ¢, of the knee bracing should be measured from the outside rivets, and 


a ag in reinforced concrete structures from ‘the most remote steel bars crossing eu 


Deflection from Wind Stresses.—A application ‘of the 
a simplified analysis is the calculation of deflection or sway of tall buildings by 


: means of the shear resistance at the floors (shown at Line 7, Fig. 3), applyin 


the actual values of k = in and k = —in columns 
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1, Direct Shear at Columns.—The direct shear at columns, due to SS 


without discounting the large portion actually absorbed by the 
- walls, will generally not exceed 0.26 kips for every square inch of steel section _ F 
oof columns. For the steel, the modulus of elasticity in shear is assumed at | ont 

4 = 13 000 kips per sq in. - The deflection from direct shear will not exceed 
(0,24 in. for every 1 000 ft of height of the building and therefore, generally, ae 


Reactions in Exterior —The pull : at the left and th compressi 
the right exterior columns, resulting from reaction diagrams a as shown 
_ Fig. 7, lengthens the first and shortens the latter. A prism of width L’ and © 
height (Fig. 9), one side of which is uniformly lengthened by A’ a and the 
opposite side shortened ‘per unit of length, forms ‘a circular arch of 
— 
At the height of h’ the deflection d’ (see ry is 


prism of base and height on of the bens’ prism, and 


pees respectively by A” per unit of height, will form a curve of radius 
7 8 and deflect , 80 that the total deflection d’” 


mi 


* 


Fe Equations (15), (16), and (17) ap 

and 2h” A”, caused by extension of both 
columns, or in one column only with respect to the 


average wind stress over their total length of more than 2 kips per sq in.; 


assuming | E = 30000 kips per sq in. (see Fig. 9), this would make A’ a 
Asan example, let’ 400 fi, L’ = 200 900 
, and L” = 100 ft, making ft and A” = — ft. Then, by 
quation (16), d’ = 200 x 150 ft; by E (17), = 


| ___ The total deflection of a structure may be analyzed as the sum of three _ a il 
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eortschatx - ‘on WIND-STRESS 
atl: oath 


300 x 150 .0800 ft and ( Fig. 9) - d = 0 0. 1333 ft 16 


= in. This displacement may ‘be termed a iabesdeiiag’ effect of uniform ~~ ri 

may be written as follows: Jon 


the deflection ¢ of any one story of height, h, being = -f and @ = =f; 


h 
ja ani 6 (6 — oF 
‘For weir at the nth floor of the frame i in Fig. 3, according to Line 7; 


Zk (0 — — @’) = 31.67 in. * Furthermore: P = 32.4 kips; 6 E = 180 000 ‘isd 
‘in; h= 16 192 in.; and d = 0.2095 in. 
er words, ‘the is 31 in. per 100- ft height o 
_ building. However, if the height of the floors ah only 12 ft, the horizontal — 
; deflection would be only 0.72 in. per 100 ft. - Although Equation (19) does not — 
fe. take into account the reciprocal influences of stiffness and displacements — 


a between floors, experience indicatesthat it presents a sound basis for yr 


o ae Fig. 10 an analysis of this part of the deflection of a structure has been 
illustrated. 

application, however, all bents joined by floors “must assumed to 
resist, jointly, the total wind pressure upon the building, taking into account 
ao possible effects of eccentricity of the wind force. Walls anchored within a 
bent will be treated separately. ot to 3 
ie. Walls in Skeleton—Walls tied to columns within a bent increase the 
‘Tigidity and reduce the deflection of that bent. The simplified wind-stress 
= analysis may be applied to. analyze and judge the possibilities and limitations — 
- of that ever-present structuralelement. 
A 25-story bent with a distribution of bays similar to Fig. 70) but with 

ae Sal rigid wall joining Columns B and C, as would be required for an elevator — 
4 _ shaft or staircase, has been illustrated in Fig. 10. It is assumed that reg EE 
a : e. braces or some other form of reinforcement tie the wall firmly to Columns B~ 
ie. and C (at least in the lower floors) so that these columns act as chords of a 


Syd vertical cantilever beam fixed at the sail floor. pr the same time Columns 4 
_ Band C act, at all the floors, as members of the frame, the same as all other 


‘columns, a and they contribute to the joint wind force a resistance, 


at the several floors, as analy zed in Line 7 of Fig. 3. abt 


‘This joint resistance may be called the “section eriewn the bent 


iff frame at the in the ‘sense as — 
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EFLECTION FOR A Twenty-Five Story Bent 
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of an beam; and, like | is in In 
Fig. 10 the wind pressure has been assumed to be 20 lb per sq in., distributed 


: aan er the entire height of the bent so that the aggregate shear ineinedan uni 


- formly from 0 at the top to w = 97. 92 kips on the bottom, as shown by the a 
solid line at the right. Similarly, the section modulus converges from a 
at the bottom of the structure to a minimum at one of the pede 

i floors where only vertical loads are considered. _ This is shown as a dashed 
line in the shaded area to the right of the frame in Fig. 10. It is a valuable “ 
«guide and check for rational proportioning at intermediate floors. At the 
upper part of that diagram it is interesting to note that, beams being equal in 


_ the several floors, the “section modulus” increases only about 20%, _Whie 
_-Tepresents the i of k= is the columns. 
Similarly, deflection derived’ from total sw ay at floors of equal height 


imereases uniformly from the bottom to the top as indicated by Curve (¢), 
= Fig. 10, ‘and need be calculated at a few floors and at the ' top only. From yal 


; oy to twenty-fifth floor (Fig. 10) the story height is uniformly 12 ft so that 


Equation (19) becomes 0.1152; and A = 

vid Curve (c), Fig. 10, has been drawn ' assuming that ¢ the frame supports all 


7 a of the wind load, ‘without. onsidering the resistance and the wall B C. Th 
the bottom floors, Columns B and C (which form the chords of the cantilevered _ 
4 - wall) have areas of 69 and 45 in. 2 and moments of inertia of 5 100 and 2 ie 


in. and (or 204 i in.) apart. The moment of inertia 
of the wall, therefore, is: J =5 100 2100 + 114.06 
10‘ in.‘ and EI = 342. 18 X 108 kip-in.? 
- The wall alone, as a 8 free cantilever: 306 ft (or 3 672 in.) long, seal ve 


by 16 Xx 0.02 _ 0.0267 kip per as shown by (e), 
Fig ig. 10, and would neither contribute to stiffness nor reduce deflection. How- | 
ever, since Columns B and C are part of the frame, one may assume that the 
wall BC acts as fixed at the bottom and loaded at the several 
s. Th t the bottom to 0 


level, the sO “that at | 5 the deflection of the 


equal to the sway of the without the 
TABLE TO DETERMINE THE DEFLECTION 


Twenty-Five-Story Bent (Sez Figure 10) 


Deftection A, Number of | Deflection 4, 
load, inchest in inches per |stories included in inches 
in —inkips 12 ft of height section 


BLS | 2020 | 0.0482 
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_ According to Table 5 5 the sway line of the lo 


- the bottom and increases at the rate of ———— = 3.347 X 10-* j in. per in. 
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Fie. 11.—Deriecrion Curves or CANTILEVER Beams For (a) Untrorm Loap, (6) AND 


Me Substituting, for the pressures at the several floors, a distributed load 


7 _ Which varies: uniformly fro: from = 0. 68 kip per it in. at the bottom to 0 at a 


is the value of  ( (Fig. 10) can be obtained from the following ution 
0. 0.383 x 0. 68 X =; 


"Therefore, 1. 31924 x 10° = 1 096. Sin. = 91.4 ft—that is, approximately 


£ an The deflection at — is d = 46.0 X 12 X 3.347 X 10-4 = 0.1848 in. and 


z therefore the reduced deflection of the bent, due to the wall, is s0.5d= - 0.0924in. 
heal The bending moment of the wall, at the bottom (see Fig. 10), is My = 2.13 © 
X90 + 14.9 X 78 + 27.7 66 + 40.45 54 + 53.22 x 42 


y. + 78.76 X 18 = 10 999.00 kip-ft, and therefore the additional reaction at 


Columns B and C to be resisted is + 10 908.88 + 647 kips. 


On the other hand, the section modulus at the floors below x may remain — 
onstant, thus saving the additional steel in beams which the increase of a. 


“ection modulus,” according to the shaded area in Fig. 10, would require Re 


: SS Cantilever walls may start a at the ground floor or at any upper floor at 


mitting the fixing stresses to other rigid walls below. 
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offsets i in walls without lessening the wind stiffness of the structure and may 

q a also be of temporary value to make up for local lack of rigidity, especially durin 


= — ;, construction and before the exterior walls have been placed in all of the floors. 
To produce the “wall effect” the the “wall” need not be re resistant and rigid in 
a has itself. Cross braces, , reinforced continuous plaster, etc., may also be designed 
on 3 _ to produce the “‘wall” action. A rigid panel within each of the flexible stories, pm 
— one on top of the other, is certain to absorb a disproportionate part of the wind — 
_ _ a Pe. Pe, shear of every y floor and, as shown by Figs. 3 and 6, to throw excessive reactions 


. to Columns B and C, producing deformations and cracks as stresses accumulate, a 


especially toward the lower floors of the building. This action has been 
confirmed by competent observation ** “There were relatively few cracks in 1 the 
_ Plastered ceilings; but the plastered partitions surrounding the elevator shafts 


Bending Lines of Cantilevers—For possible of cantilever wii: 


Inconveniences of that type are quite common around shafts or staircases 
q of buildings of even moderate height, and prove the necessity for studying, 
“every case, the merits of utilizing or discontinuing the wall effect. t. The example 
illustrated in Fig. 10 shows that phenomenon and demonstrates how excessive 
= sway at the top of a tall building may be r reduced by reinforcement at uk nA 
bottom, although at considerable expense. 
| 


the following data referring to a beam A B of constant section, fixed at Point A ake ‘1 

(Fig. 11), will be of interest. When the moment of inertia Tis decreasing 

uniformly from the bottom (A) to the top (B), it may be taken as the I- -value at 

about: ae above the A fairly close is obtained by 
"substituting tangents to the curves at , Points A B’. The last three lines of 


a 


Table 6 are based on that y=0 for the lower 


ax 
Earthquake Stresses. —In to earthquake shocks, it 
aq i seems customary to specify, for the statical computation, a horizontal foree a S. = 
= floor equal to one-tenth of the overlying vertical load. This will make ethe a > 
— horizontal force in normal buildings six to twelve times the usual wind pressure, a Q 
and the additional shears and reactions will become really important even for 4 Ss 


a low buildings; and the simplified analysis will be so much more necessary. 7 
folowing sofinition by Mr. Jacob J. Creskoff?> may be quotes: He 


‘ te nb “The seismic force, F = WK acts against the mass of a building. 


are horizontal that deflect as then the columns and beams 


@ 


uakes’ and Structures,” by the late Leander M. Hoskins, Esq., and ide 
ee E.; discussion by Jacob J. Creskoff, loc. cit., April, _— ad 725. a 


™ Proceedings, Am: Soc. C. E., , June, 1939, p. 1026. ai 
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fo 

4 

at 

— 
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deflecting equally Decause OI concentrated horizontal force acting agaiis 

a eS the upper floor—and with end fixities determined by the degree of fixity 

between the vertical beams and the floors. Under these assumptions, the 

— force ia distri all of the vertical an ach in 

— 

— 

«CF 
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“wt To take care of these elententeny forces, the simplified aitieSiteees analysis he 


will apply directly, especially Equation (8); beyond that it will facilitate the © 
distribution of columns along the lines suggested in Fig. 7 and contribute to the - 
of a resisting nucleus within the structure to cope best with the effects ‘ 


TABLE 6.—DEFLECTION CURVES FOR A CANTILEVER Beam, A B, FIxep aT ne 


Description = 192 

Uniformly distributed w the bottom tozero | the top to zero 


Decreasing from wat from wat 


Deflection at Point B = opined 
ty 24 pet 


ant 
ti n, 


OF 
dat Ton -F+5 


ar 15d 


11h 


ised to advantage i in detanaioine stresses of skeletons in existing buildings, the 7 
_ investigation of which should be stimulated to arrive at a better knowledge of 
the permanent stiffness conditions of structures an and of the portion of stresses 
‘Unless perfect measuring» and recording instruments are 


ee: abundance, it is convenient,” 27 and economical, to place small, flat, metal boxes" we 


hermetically and should contain an ‘easy liquid. Two boxes communi- 


cate by means of small rubber or metal tubes placed out of the way along 


Procedinan Am. Soc. C. E., December, 1938, p. 1993. sta 


“ 
“Wind Forces on a Tall by J. Rathbun; discussion by Otto Gottachalk, lee. 
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GOTTSCHALK ON WIND-STRESS. ANALYSIS 


the 
communicating an overflow into an attached or - glass tube, which 


may be weighed, measured, or read annually or semi- annually; the sum of the o 


overflow. of each pair of boxes indicates the maximum change in lev: el between 7 ‘@ 


the two respective columns. If the boxes are in. 4i in. 8 0.01 


€, 80 


-— different | floors i in n tall buildings; ‘and, ato one or r two , floors below or above me 


each series, one pair should be set 
Fig. 12). Assuming a story height 

of 12 ft, a change of level of a 

in. between two floors | Tepresents a an 


additional column p pressure of 2 kips 4 


per sq in. of column section. | 
For example, consider the floo 
in Fig. 7(c) to be subjected to a to- 
RRANGEMENT OF FOR 
Recrprocat Cuances or Leven at Covumns tal wind moment of 7 600 kip-ft. 
The first step is to analyze the frame 
to Fig. 3, obtaining the ‘diagram of reactions shown in Fig. 7(c). 
This supplies the sign of column pressures and, after some practice, permits 


~ the” designer to estimate the reactions of most of the interior columns, thus 


the readings at the building. Suppose the readings are as follows, 
in kips: A AB = — 42.2; BC =—- 17.9; CD = 13.2; DE =— 12.3; EF 
és =+ 10.7; and F G=- 81.6. unknown column reactions ‘A, | 


are calculated as follows: 


= 42.2 — 55.3 


C+D+E+F+G Prints As = — 387.0 +7 


387 0 A+B+C+D+E+F+G = 


©  aietine the process illustrated i in Fig. 3(a), one ‘may obtain from those 
column reactions all other stresses of columns and beams of the structure which — 
are desired . The differences between reactions ‘acne and recorded 1 will 
indicate the proportion absorbed by masonry work. 
ee In conclusion the writer hopes that he has shown an efficient method iz 
analyzing ag wind stresses in tall buildings. : Since the inherited abstract concep- 


at each of the exterior panels (see eo 


. 
— 
il 
— in. can be estimated. Dp 
— 
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— 
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D = — 60.14 132=— 469 
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ON -WIND- 1049 


be of analysis in this field of design as well as in others, it must b be tbe replaced by va 


‘natural devices and lines of reasoning. Apparently, skyscrapers are neither 
uneconomical nor harmful to street traffic,** and the engineer can contribute — 
much to encourage that most interesting field of technical activity. By i 
- distribution of materials the proper analysis" of the steel frame will j insur 
against annoying vibrations and unsightly deteriorations, and at the same time - ai 


% Editorially, citing Henry Wright before the American — of 
News-Record, Title 26, 1939, p. 40 (Vol. p. 526). 
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OF A HIGH- =. 


direct and clear-cut method of analysis, use in the pro- 
2 high- head siphon spillway, is presented in this paper. The 
; manner in ito well-established principles of hydraulics are applied is out- 
ai lined, general equations for the determination of throat area and outlet ares 


are derived, and the application of the method as presented i is 


4 


- plate or, in general, wherever close regulation of pool elevation is necessary, _ 
‘such a device can be used to distinct advantage. Numerous installations in 
the United States and elsewhere have proved their practicability and adapt i 
ability, and they | indicate that the siphon spillway occupies a definite place 
among worthy hydraulic structures. 
‘This paper applies, in the main, to problems arising in connection _ 
_ the determination of the proportions of a high-head siphon spillway. The 
term “high-head siphon” is used by the writer to denote siphons that operate 
under heads in excess of 34 ft, or the barometric height. The head in this 
case is the difference in elevation of the head-water and tail-water surfaces, oe 
or, if the outlet discharges into atmosphere, it is the difference in elevation of : 
the head-water s surface and the outlet. us Siphons operating under heads less 
34 feet : are re termed “low-head siphons.” ‘The barometric height in feet 
a of water represents the magnitude of atmospheric pressure and i is ¢ of paramount is 
when the action of high- is s considered. The manner 
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which enters into design and the effect it has 


siphonic action will be treated subsequently herein. jigolay 
Bas Strictly, the head at which a a siphon becomes a high- head siphon should 


— 


ee -— limitations on working pressures. For example, let it be assumed that the 

a total available head at a site is 32 ft, the head lost in the entire structure is 

| 6 ft, and the allowable negative pressure is 24 ft of wa water ‘This would be a 
om high-head siphon because there is an excess of head (2 ft) over and above the 
ce amount it is possible to utilize for producing flow. _ Cognizance of this excess 

head comprises one of the special considerations dealt with in this paper. 

. The evaluation of head losses and the selection of an allowable negative pres- e. : 
are given further mention in a later paragraph. It is believed that, because 

<i of its common usage e and its vital significance, 34 ft serves, appropriately, to ql 

designate the dividing line between a high-head and alow-head siphon. Many 

_ of the principles contained in this paper may be applied to low-head siphons» 

with equal effectiveness. The conditions dealt with in the design of low-head — 


ey : siphons, however, present separate problems of a different nature and all og 


_ attempt will be made to include le siphons it in that classification. aiuia yetew-be ot 
ou ry In the past there has been some discussion concerning the feasibility and — 


performance of high- head siphon spillways. In it is now 4 


to over-design a siphon is present. ‘In other words, a factor of 


_ ignorance is included to offset the lack of a dependable basis for design. This SS 


_ is true because access to a definite rational method of analysis, carried through __ ote 4 
_ from beginning to end, and pertaining to the case at hand, is difficult to find ic oi ‘ a 


in American literature. review of the published articles” dealing directly 
gwith this subject w will reveal that methods presented are generally indirect 
Some methods are based on the’ formala wicn 


>? aa which: Q = the discharge; C = a coefficient of flow; A = area of cross~ ve 

; ed section; g = acceleration due to gravity; and, H = total hydraulic head avail- - 
“able. Experiments and prototype measurement generally establish the value 


of C between 50 and 80 per cent. Equation (1) serves well to establish a basis 
at | “for comparison of siphon spillways. It is inadequate for design purposes, _ 
however. In any case, it necessitates a cut-and-try procedure and does not 


| —_ into account local conditions at critical sections. Particularly in the © 
_ design of high-head siphons, it is inadequate in that no provision is made to 4 


the excess head into some form of energy such heat or 

sen energy. The writer proposes to show h head is of utmost i t 

4 i prop ow how excess head is of utmost impor ance, 

<= < ge, aa how it is provided for by proper dimensioning of the lower leg. In view 

a 2 of these shortcomings it may be said that, as it stands, Equation (1) does not 
; ae ae represent a direct and thorough a approach. Methods based on a study of the _ 


hydraulic ‘gradient a alone fail to take into account the nature in 


| 
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i straight | pipe. The velocities used in the computation of this gradient are 
mean values" and the pressures es at the throat section, as measured from the 
gradient, do not represent actual localized pressure intensities. The writer 
Ba - does not wish to minimize the value of a plot showing the hydraulic gradient; a, 
it can be used to a “great advantage, but its limitations must 
At the outset it must t be e understood that when a siphon i is operating under 
JE a head greater than 34 ft, the excess head cannot be used to increase flow 
Pt through the spillway. If two siphons were constructed, each having the same _ 
ae throat area and designed for maximum discharge, one operating under a 34-ft — 
Fa head and the other operating under an 80 ft head, the latter would not have a ag 
oa =" greater capacity. This fact is easily understood ‘when the fundamental prin- 
ciple of action is considered. The lower leg of a possible 
the exi 
only force ‘a exerted to produce flow is the pressure of peter: on the Be 
_ head-water surface. Obviously the magnitude of this force is the limitation — 
Generally, the critical section of any siphon i is at the crest. At this section 
he ' negative pressures are of greater intensity than at any other section in 
= the siphon tube. Hence it may be concluded that the dimensional character- _ ' 
a istics of the structure at its summit determine its capacity. In design work, 


therefore, it is only natural for initial studies to be confined to the throat of - i 


thy The upper bend is ; usually | formed with regular curves 1s of moderate radi, 
a * _ Almost always the tube is rectangular in cross-section at the summit. The 


manner in which the water flows—that is, its velocity distribution when ‘ 


2 y 
passing through this portion of the siphon tabe-is the basis for determinings 
= _ the size of the throat opening. The most recent experimental data show od 2 
a dy conclusively that when water flows through a bend in a conduit the velocity 


on distribution is not symmetrical about the axis of the conduit cross-section. i. 


4 flow is comparable to that in a free vortex. In the case of a rt where | the 
= Y upper bend is a rectangular conduit it may be said that, for all vinci ; 
purposes, the condition is analogous to free vortex flow. It is possible then Be 
to utilize the laws governing vortex action in the design of the throat section? 
__ Before any determination of proportions can proceed it is necessary to 
’ adopt a minimum absolute pressure that can be tolerated in practice. The 
: eS - oretically, a high-head siphon could be designed to develop a vacuum of 34 ft 
- cs of water at its summit, and this would d represent the greatest possible effi- — 
ciency. In other words the absolute pressure would be ‘aero, OF the lower 
- theoretical limit. In practice, such degree of rarefaction can never be attained; 
= pressure and elevation above sea level decrease this figure appreciably. 


| Water in its natural state has air in solution and, as the absolute —. 
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#""Siphon Spillways,” by A. H. Naylor, published in London, England, 1935, by Edward Arnold. 


Likes 


experience with siphon per has established 24 ft of as @ Maximum 
negative pressure to be allowed at any point in the : structure.’ In other words © 


absolute | pressure ‘should not be permitted to be reduced below 10 ft of i 


Frequently many of the characteristics of a siphon spillway 
4 are fixed by physical limitations of the structure in which it is incorporated. bP: 
9 Thus the radii of curves which form the upper bend may not be dictated by ual 
consideration of hydraulic pert 
; ey then two general rules may be applied: (1) As the radius of curvature isin- = 
greased the cross-sectional area to be provided at the throat decreases; hence ph a 
~ it is obvious that excessively sharp curves should be avoided (the logic in this 3 
\etatement is demonstrated subsequently herein) ; and (2) as the tadius of 
ties are enhanced. Thus to forestall ab 


‘absolute. pressure e and the 4 
upper bend radii, which tie inthe depth ad bli 
of the throat section, it is possible to fods 
determine the discharge p per foot of spill- sont onl ods ad 
way crest. The maximum head to be wod vol 
utilized for producing velocity is 24 ft hae. Fra. 1 qc? 
7 ‘Then the velocity in the -upper_ bend nad init int 97 
cannot exceed V2gH 2 X 32.2 X = 39.3 ft per sec. Referring to 
‘Rig. ‘the f procedure is 2 at 


‘The discharge element of depth dr 


Proceedings, Inst. C. E., Vol. 231 (1930-31), p. 201. le aos 


an ta terrupt the flow. ot be unreasonable to exp 
| inte not | 
2 ter, it would not be w 
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wie | Equation (4) is an expression, in terms of the upper-bend radii, for the maxi- 


mum discharge per foot of crest | that can obtain without exceeding the criterion ‘ 
minimum absolute pressure. If represents: the total discharge for which 


| 
the siphon i is being designed, ‘the length crest, or width of throat section, 


The throat area to be provided is prance and equal to the width — 
times the depth. Equations: (4) and (5) are perfectly and can 


h 
a _ tha The next step is is , provide. a a well-proportioned inlet. There is no o “hard — 
peat and fast” analytical method of procedure that can be followed in the design a 
A a a of this opening. _ Asi is the case in any conduit intake, it is desirable to keep oe i 
at the entrance velocity low and to avoid sharp corners where flow lines are ¢ 
curved. _ The inlet should be sufficiently removed from the head-water level _ 
; to prevent the siphon from sucking air through the surface depression coud 
_ iby the formation of a free vortex in the head-water bay. With low y entrance 
_ velocities, how ever, the probability of having a pronamnend vortex is lessened. 


7 


ioe ei 7" entrance losses are 2 minimized when the inlet a arca is two vo or three times the 
= area of the throat and is formed with well-rounded corners. To prevent the i 
desirable of ice and drift, and to guard against | surface it is 


q 


The design of this part of the siphon tube g little 
a aS Probably the only requirement is that the upper leg should taper gradually 
= _— the inlet to the throat, thereby providing a smooth transition | in “aa 


Primarily the function of the lower leg ofa siphon is is to make possible the 


existence of the partial \ vacuum that must occur at the s summit, , and to provide Be: 
a channel through which the water may escape and be directed to the point a 
of discharge. ial In the | case se of a a low-head siphon no 10 especial difficulty need be 
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Frequently the lower leg is constructed to incorporate a preter} 
expansion in cross-sectional area thereby making use of draft action to increase 
the discharge. When the capacity of the spillway has been determined, the ee 
developed at the summit should be investigated by application of 
= (4). If such analysis indicates that the absolute pressure is below __ we 
the practical limit (say 10 ft), the upper bend should be redesigned to prevent | @ 


te existence of undesirable negative pressures. For a high-head siphon, — 
the problem becomes more involved and warrants a careful analysis. 
Ins high-head siphon, if the lower leg were to be made equal in cross-sectional _ 
- to the throat section, and made uniform throughout, excessive vacuums ‘ 
would prevail. Air would be drawn from solution, cavitation would occur 
rae at points of reduced pressure, and parting of the water from the siphon tube C ¢ 
could be expected. As a result siphonic action would be interrupted inter- 


—— 


J 


As has been explained previously, the maximum head that « can vas be utilized oie 4 
to produce flow is 24 ft, plus the head lost due to friction, bends, entrance, etc. 7 4 
Consequently the total head available in excess of that amount cannot ee 7 


“used to increase the discharge of the ‘siphon. ‘That excess head may be ex- a ey 
pended in two ways: (1) A part of it can be dissipated by introducing resistances 
: - such as & bend and friction; and (2) the remainder can be converted i into kinetic 3 
ee energy by i increasing the velocity of flow at the outlet; that is, by reducing the te 
a cross-sectional area of the siphon tube near the outlet by means of a reducer. i = 
In effect these resistances provide sufficient back pressure in the lower leg of 
the siphon to keep the tube flowing full. The problem then is to determine — ae: a 
i the necessary reduction in outlet size to accomplish this without restricting : 
the capacity of the throat opening. Pot 2 asof-bes 
oy The cross-sectional area of the throat, the upper bend radii, and the upper — 
By leg proportions have already been fixed. ~ To facilitate the followi ing g derivation ie 3 
_ the lower leg is assumed to be equal in area to the throat opening and of iY 
€ uniform cross-section throughout. In this manner the problem is reduced to — 
one that lends itself to analytical dows of 
(Sah is possible, now, to compute the head loss in the siphon tube for the ee. 


discharge Q. include those due to entrance, friction, bends, 


12), 


and the discharge on exit loss. This determination involves merely a selection 
head-loss coefficients and does not warrant further comment. of the ; a 
Ao ; losses can be expressed as a percentage of the velocity head (hy) i in the throat | me , ne : 
section. Hence, if K, hy is the head loss due to the entrance, friction, bends, 
fete. and, K, hy is the head converted into kinetic energy, then the total head — cn a . 


lost is K, hy + Ky hy or, hy (Ki + K,). It must be remembered that i in this 
if no reducer were provided the value of K, would be equal to unity. 
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SIPHON 


Thus, the area to which it is necessary to reduce the siphon tube at the outlet _ 


- can be expressed i in terms of quantities given in the basic data or determined — 
from the foregoing calculation. By use of Equations (4), (5), and (9) Lode 
of -head siphon spillway ¢ can be determined. ou 


y the application of the method presented herein the follow. 
ing concrete example is solved completely. — _ The basic data chosen are: (1) 3 
The discharge for which the siphon is to be designed is 350 cu ft per ‘see; . 
(2) the outlet i is to discharge into atmosphere; (3) the peer available i is 80 g 
the head lost due to frictional resistance a value of 0. 012 i is used for Kutter’s : no 
(this i is a fair value in practice for a tube lined with cast iron). Detailed men- = 
tion of the individual head losses i is believed unnecessary. y. Int ‘the selection £ 
head-loss coefficients, it is interesting to note that even sizable errors ce 
~ instance, using an n value of 0.020 instead of 0.012, for friction loss) have but 
little effect upon the hydraulic performance. if the coefficients used are too 4 
3 large, the actual discharge and velocities realized will be slightly greater than s 
computed, thus increasing the total head lost. These effects are interrelated — 
and tend to offset each other, with the result that t a | balance is reached at a 
discharge not far in excess of the original design value. A similar readjustment 
will occur if the coefficients used in the design computations are smaller than ~ 
_ the actual values in the finished structure. Let it be assumed that considera- . j 
tion of the priming qualities desired and the physical limitations of the strue- Ew 
ture, as well as other factors, have fixed the radii of the upper bend as 4 ft 4 
and 7 ft, 
that the required ‘capacity is obtained with satisfactory hydraulie p pers 


‘The first step is to determine the size of throat opening necessary sO a8 ag 


oe to exceed practical limitations. on the minimum . permissible absolute pres- : 


Th form of the dahon tube was chosen at random. and does not follow the - 


ane at the crest. _ Equations (4) and (5) are derived i in such a manner that 


| 


* 


= 


4 


— 31056 
— Se The exit loss coefficient may be expressed in terms of the reference area the <j 
area A;, at the throat) and the area of the reduced outlet, A,; thatis: 
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not objectionable in practice, would probably ‘result in some confusion. For 


m. From basic data r, = 4.0; and = 7 0. Substituting these 
a sect in Equation (5), Q: = 87.97 cu ft per sec per r ft. ‘The crest length ; ag 
determined by Equation (5) is B=, - = 3. thr re; 


sane even figure greater than that determined. In this case the throat 


_ dimensions would be taken as 4 ft by 3 ft. . Obviously any change i in the . 
a. dimensions affects the pressures accordingly. This would introduce additional a 


computation and slight v variances from the assumed basic data, which, although ae 


reason the dimensions \ will be in form as they Sppear | from 


im 


- for the at the crest, it is possible to compute the 
- pressure intensity. When the head-water i is at crest elevation, the negative _ 


pressure isequal tothe velocity head. 
‘The next step is to provide some form of inlet and to fix the proportions a 


of the upper leg. As stated previously, the design of this part of the siphon 


. tube does not lend itself to analytical solution. _ Good judgment, experience, — 


eonsideration n of hydraulic performance, and limitations of the individual 


problem serve to guide the engineer in the design of the upper leg. To provide 


9 an area of from two to three times the area of the throat, an inlet « opening 5 ft = 
by 6 ft is selected. This will furnish an area of 30 sq ft or slightly greater than 


i 5 times the hades of, the throat. Fig. 2 indicates the configuration of the 


oi. spillway from the inlet to the wud section. a 


i 4 In the « —_ of the lower leg the problem i is to keep the tube flowing full; 


ee minimum n permissible ‘absolute | pressure. “ors desired back-pressure is 
frictional resistances which result i ‘in the dissipation 


= 


ae into kinetic energy y. To! all intents and purposes the siphon tube is analogous — 
*3 toa large pipe line, and the total head lost plus that converted into velocity — 
a must equal the total head available. - To facilitate solution of the > problem let 
it be assumed that a transition it in shape is effected between Section 3 
Section 4, Section 3 is identical to the throat section whereas Section 4, “HS 
although equal i in area to the throat opening, is circular. a Furthermore, let it 
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4 losses that occur’ in the en structure. The order and magnitude 


of as the problem at hand, are recorded in Table 


47 
1338 
} 133 | 222 

| 133 | 25.2 


JIU wet 


26.4 


ae 


“ sections expressed asa percentage of the velocity head in the throat 

section. A summation of the quantities in Column (6), Table 1, gives the - 
value 0 of Ki in Equation (9) when A; = 11.94 sq ft; H = 80.0 ft; Ky = 103. 5% ai 3 
= (the summation of Column (6)); and, = = 13.3 ft. Substituting these values 


Rey 7 a ‘in Equation (9), it is found that the area to which the outlet must be reduced £ a 
ae oe. 5.35 sq f ft, or the diameter of the outlet will be 2.61 ft. = Thus with the deter- 4g 
mination of the outlet size the problem i is solved. "Usually the outlet piece a 
68 special casting and can be made to furnish the exact area required. The 


“8 purpose | of the reducer or choke at the outlet is to avoid excessive negative ea a 


pressures, which result in ‘unsatisfactory hydraulic performance. an area 
: greater than that determined herein i is selected, smooth action in the operation z 

_ of the spillway would be jeopardized. On the other hand, if greater constric- ts Shey of 4 
tion is provided, other conditions being equal, the only adverse effect would a ss 
be a reduction in the spillway capacity. This is undesirable economically 
= 


In the computation of the head losses appearing in Columns (2), (3), (4), i; 

and (5), Table the writer used standard forms : accepted in practice. The 


~ actual coefficients used are not shown since it is believed that a discussion : a 
2 relative to the evaluation of head losses might detract from the original purpose — ey es = 
the paper. Other ramifications might be introduced such as moving the 
reducer nearer to the throat or providing a gradual taper instead of a relatively 

“sudden contraction. The writer is confident that the problem, as solved 


herein » together with the introduced, serves 


a. 


— 
> 
—— 
NAR 
— 

vd 
| | 0.052 | o.ors | 0.154 
we 


elucidate the fundamental principles involved. The eng engineer 
> — necessary to use the standard pipe available in stock sizes. This may 
= = be done, but caution must al always be used and nd the final layout must t be investi- 
= gated to be sure that the revised proportions do not induce pressures ck & 
Columns (7) to (11), Table 1, are self- lf-explanatory anc were computed 
ss that a plot of the hydraulic gradient could be drawn. Since Column (6) 
= ane the total head lost between sections, expressed as a decimal fraction ae 
of the velocity head in the throat section, Column (7) is obtained simply by 
— multiplying the values in Colum n (6) by 13.3 ft, or the velocity head in the a: 
_ throat section. The drop in the matted gradient from the level of the head- ne 
water surface at any section is to the : ‘sum of the accumulated 


A graphical of the gradient is shown in Fig. 3 and 
a = quite « clearly its limitations as well as s its application. - The condition of flow in in 
4 m4 the upper and lower bends is such as to eben the pressures shown by abe 
= _ computed hydraulic gradient in those regions. _ For the sake of illustration the 
siphon tube is distorted by: plotting length along: the spillway a axis as the. abscissa 
— against elevation as the ordinate. With such an arrangement it is possible = 
. to measure pressures at + any point along a vertical line. 7 
has demonstrated that a computed hydraulic gradient could not be por 
to predict localized pressure intensities at the crest. In Fig. 3 it would seem — a 
_ that the negative pressures to expect at the crest and the crown at the summit 
would be 15.7 ft and 18.7 ft of water, respectively. Actual prototype measure- 
am * ments and model experiments prove conclusively that such deduction is — 
erroneous. — The order of magnitude ¢ of pressure variations in the ' upper bend, 


computed by assuming free vortex flow, gives results closely i in accordance 


| 


actual flow conditions. In the basic data for the problem under con~- 
sideration the outlet was assumed to be discharging into atmosphere; hence the 


vee ~ hydraulic gradient must intersect the siphon tube at its outlet. ‘Fig. 3 indi- 
4 -eates how the formula derived and the procedure outlined so adjusts the pro- a 
Portions | of the spillway that for the design discharge of 350 cu ft per sec the 


head losses sustained through the entire structure, plus the exit velocity head, af 


bring the gradient down to the proper elevation at the outlet. - 
In this paper the writer has intentionally made little or no reference to 2 


> 
= 


ae details such as priming, air vents, ejectors, sealing basins, ete. (A H. Naylor 
in 1935? and the late G. F. Stickney, M. Am. Soc. C. E., in 1922,‘ have offered es] 


excellent discussions of these features.) This) was done, not because they are 


a = ‘unimportant, but because the phase of siphon design’ dealt with i is complete : i 
ae without them. Naturally each high-head siphon spillway that is om 


= "presents individual problems. - The writer does not wish to create the impres- 

‘sion that the simple of the specialized formulas constitutes an 
= clad,” fool-proof method of solution. It is necessary to have a clear ee 

: conception of the laws governing siphonic action as well as an understanding 4 


of basic hydraulic principles involved. COD 


4 Transacti » Am. Boe. C. E., Vol. LXXXV_ 1922), 1098. 
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ae In the design a a » high- head siphon spillway for whieh’ it i is desired to fix we 
the proportions so that a definite capacity can be prov ided, there are two con 
of paramount importance: (1) The provision of adequate cross- 
ectional area at the throat, thereby preventing the occurrence of excessive = o 
— pressures; and (2) the provision of a reduced outlet area to prevent a 


excessive pressures and consequent intermittent and, ene unsatisfactory 
The first requirement can be met by assuming free vortex flow in the upper — “4 
va bend. Such an assumption very closely approximates actual flow | conditions bie 3st 
in that part of the siphon tube. A study of the hydraulic gradient will not 
5c gil determine the proper degree of constriction at the outlet without en- Po 4 
roaching upon the full capacity of the throat opening it is necessary to analyze 
the head losses i in the ‘siphon } and so adjust the outlet area that the hydraulic fae 
< gradient intersects the lower leg at its extremity. If the ‘siphon does not a 


discharge into atmosphere the gradient must indicate the pressure 8 at the outlet. V aaa 


a The ba is indebted to John B. Drisko, Jun. ‘Am. Soe. C. E., for his con- 
structive criticism and helpful suggestions. 
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It will be of interest to compare the nha design presented by Mr. Rock 
with the behavior of the Leaburg* and Walterville’ siphons on which field wy 
— tests have been made and fully described in the Society’s publications. ps aD 
7 The writer has set forth the basic principles of siphon behavior in a paper 
published i in 1933. The author’s “high-head” siphon corresponds to the case 
s in Fig. 10 of that paper when Section 3 coincides with or lies below Section 2, Sa 
and the “low-head”’ siphon when Section 3 lies above (submerges) Section 2, _ a 
oa An important fact in siphon behavior which the author has failed to take _ a 


. a A into consideration i is that the siphon b: barrel is occupied only in part by water on 
4 ‘moving down stream and in part by eddies. “Fig. 3 of the writer’s paper? 
_ illustrates an idealized concept of the effective and non-effective areas of the 
. 1938° data were presented to show the eddy area at eac each cross-section 
By indicating a maximum of 28% of non-effective area. The effect of this phe- eo 
nomenon is to nullify, largely, the author’s calculations as to a limiting 
a The writer will hazard the guess s that, if the siphon illustrated by Mr. Rock | 
: a, 4 in n Fig. 2 were in use and under observation, the maximum mean velocity would | 
= be found, not at the summit section, but somewhere in the lower leg -and that 
7 ‘its value would be 40 ft per sec or more. Table 2 shows that the maximum "| 
= velocities in the Leaburg and Walterville siphons were from 23% to 55% a 
greater than the mean velocities in the summit sections and that they occurred a 
_ well down in the lower leg. During this acceleration the jet must suffera 
contraction and leave eddying water aroundit. The continuity 
@ holds only if A is the area of the jet and not that of the barrel. a ae 
author’s assumption that the velocity distribution the summi 
section follows the free vortex law, wherein the radial acceleration vrisconstant, 
ig n not substantiated by the tests. . Table 2 also gives the velocities at the ¢ 
a - crowns and inverts of the five siphons tested, determined from the piezometer og 
—edings at these points. _ The data may be verified from Table 2 and Figs.7, _ 
8, and 9 of reference given in Footnote 6, and Table 1 and Fig. 7, of reference oe ; 
_ given in Footnote 7. Note that the radial acceleration at the crowns is from 
‘Then necessity of admitting water to the summit section through a priming 
conduit i is one factor that may nullify the application of the vortex principle. 
ge The author is correct in stating that the he head ona siphon may exceed that 


of an atmosphere. The highest head that can be utilized is one atmosphere 
4 


*Cons. Hydr. Bngr. (Stevens & Koon), Portland, Ore. 


+ €©*On the Behavior of Siphons,” by J. C. Stevens, Transactions, Am. Soc, Cc. B. 


oe ™“ Siphons as Water-Level Regulators,” by J. C Stevens, Transactions, Am. Soe. C. 
Loe, ett., Table 4, p. 2088. 
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: r pressure of the water plus all entrance, friction, bend, eddy sii “e 
= pee exit velocity head. On the Walterville siphons the head is nominally 46 ft. 
‘There is r is no sh shock or vibration or other evidence of a disconnected water column. 
TABLE 2.—Darta FROM TESTS| oF LEABURG 
— 


' Discharge, in cubie feet per second 
‘Total head, in feet 
velocity at summit, in feet per 
Maximum mean velocity, i in feet per second . 
Distance below summit, in feet 
Ratio of maximum velocity to summit velocity . 
a Forebay level, in feet 


TORE 


For the Crown at the Summit Section: 
‘i Elevation, in feet 
2 head, in feet 
pressure line, in feet 
Pressure drop from “wpeaes in feet 
Energy loss, in feet* . 
Velocity head, in feet. 


Pressure head 
Elevation pressure line 
_ Pressure drop from forebay 
Velocity head 
Velocity V2 
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*; includes entrance, friction, and bend losses, summit section. 


* Estimated aS 


are much cheaper than 


] 2 —* well below: v the water surface, absorbing the energy 


: 


4 


writer can see no value in contracting the outlet to consume head. 
‘If 80 ft of head were available it would be far more practicable to discharge the © a 
_ siphon into an open chute after using 40 ft or so for the siphon head. Open 
siphon barrels. This plan was followed at 
- Walterv ille. In the final stage of reconstruction the tail-water is to be lowered — 
about 7 ft and a chute built from the end of the siphon barrel,® to discharge the nae 
by an hydraulic jump. 


.E. 0M. Am. Soc. C. E., G. E, Hypz," Jun. Am. Soc. C.E., and 
_R.B. Cocurane,” Assoc. M. Am. Soc. C. E. (by letter). —The approach to 


of siphon design in this paper may prove meri- 


*“ Siphons as Water-Level Regulators,” * c. Am. Soe. C. E., 

104 (2080), Fig. 6, p. 1794. 
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4 3 the bend of the throat section of a siphon spillway is a simplifying step, a ae 
| 
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CoMPARISON BETWEEN VELOCITIES COMPUTED BY THE Aurnor’ 
Formuna (Equation: (11)) AND AcroaL VELOCITIES 


Discharge Q, in cubic feet per ‘second 
Operating head H, in feet 
Dimensions of Throat Section, in Feet: 


al 


bo» 


Radius at the: ok 
Mid-section, fev- 


+ 


= 


(6) Ve.ocrtres Compurep BY THE Rock (Eavarion ay) 
second 78. 
Computed Velocities in the Throat Section, in feet "2 ; 
=P Crest, Ve 
_Mid-section, Vay 
be Summit, V.. 19.2 


Elevation of energy line, 764.8 =| 765. 
Elevation of points a 


Crest, Be 


Velocity Heads,{ at the: 
Actual Throat Velocities, i in n Feet Per ‘Second: be 4 7 “ 
Crest, Ve 4 | 37.9 
= Mid-section, Vav 37.0 
| Summit, V, 


Crest = [(Item 10—Item 24)/Item 24] 100... . 46.5 41460 
230 Mid-section = [(Item 11 —Item 25)/Item 25] 100. 9 [413.3 
‘Summit = [item 12 —Item 26)/Item 26] 100. -| —0. +22.3 


* See Transactions, Am. Soc. C. E., Vol. 99 (1934), Fig.3,p.989. oy 
ee + Assumed average values in order to start the radii at a common center. siincona eet oa 
Transactions, Am. Soc. C. E., Vol. 99 (1934), Column (8), Table 3,p.995. 
at -§ Assume the datum at “Elevation 734.0 to equal the elevation of the crest of all three spillways. wh 
| Transactions, Am. Soc. C. E., Vol. 99 (1934), Columns (4), (7), and (10), Table 2, p. 994. 
Velocity head Dien. as the difference between the energy gradient and the hydraulic gradient. 
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in away of selecting a a “coefficient of ignorance” 


- masked under the name of Flow Coefficient. ie T herefore, hie attempt to ration-— 


concerning the soundness of the author’s assumption of vortex flow in siphon ES 
throat sections, and concerning the practical application ¢ of his formula in = | 
design of siphon spillways. In an attempt to answer these questions and to — 
- diminate these doubts, the velocity distributions, as they actually exist in the 
throat sections of three different siphon spillways* were ¢ compared, respectively, 
to the velocity distributions as computed from Mr. Rock’s formula (see Eque 


3 The numerical calculations involved in this | comparison are given in Table3 __ 

_ and the results are portrayed graphically in Fig. 4. Table 3 first lists the 

: actual operating conditions of the three selected siphons . These data were 


used in Mr. Rock’s formula to compute the v velocities at the crest, mldenation, 7 


Computed by Equation (11) 


he 


Crest 


(6) SIPHON NO.6\\ 


¥ Ta! n't ad 


: Be beeen was finally made between the two sete of velocities by percentage 


difference in order to obtain an index as to the validity of Mr. Rock’s formula. a 
__ 8"On the Behavior of Siphons,” by J. C. Stevens, M. Am. Soc. C. E., Transactions, s, Vol. 99 ( 99 mall ae PA) 


Vortex Flow questions ‘ond: doubts arise, 
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el will nie meted from Fig. 4 that in all three cases, the actual velocity values, as nt a 


Oh derived from the test data, are greater at the crest than at the summit, and that _ 
the velocity values as computed by the author’s formula (Equation (11)) Ne 
conform fairly well with the so-called actual values. _ When the ‘number of 
x ways in which experimental and personal error may have entered into the test BY 
data are considered, the : comparison in Fig. 4 is believed to be surprisingly good; 2 
a and, f urthermore, this com comparison appears to be a strong indication that the _ 
oe _ author’s assumption of vortex flow is justified. In addition to the foregoing 
comparison, the practical application of Mr. Rock’ s formula tested by 
checking the throat sections of several other existing siphon. spillways. It was 
found that the computed and actual values checked quite satisfactorily. ests 
Considerations. —tThe author’s treatment of the importance of 
proper lower leg ‘design i in high-head siphons i is considered good. The mathe- 2 
- matics involved in this phase, as well as those concerning the derivation of his — 
entree flow formula, were found to be valid. The numerical solution of the 4 


- example siphon, a: as given by Mr. Rock, aptly illustrates his point that a plot of | x 


0 oat section . However, ' if the author had included in his owed 
actual prototype imensuremente s and model experiments, which he states 


_ prove conclusively that the negative pressures at the throat section as obtained — 
from a plotting of the hydraulic gradient are erroneous, the value of this part o of 
Conelusions.— —The inherent value of Mr. Rock’s “method is that he has 
= extended the current method of throat section design (which assumes an even r 
distribution) an additional step forward. In brief, his method consists 
* of using the distribution of velocities in the throat as a basis for determining the i 
maximum velocities that will be obtained under a given discharge. 
"limitation of these maximum velocities to correspond to maximum allowable 
a a negative pressures then permits a more logical approach for the design of the © 
throat “section. is possible that such siphon, throat-velocity, 
‘distribution theory i is ‘completely y established, the next logical step would lead 
- to an attempt to increase the efficiency of siphon operation by Tedesigning the a, 
throat section into other than a rectangular or circular section. - Such a design, — 
—. of ¢ course, would have to result in a gain in eficiensy # operation sufficient to 


overcome in increased construction costs. 


M. NE.ipov, Assoc. M. Am. mee: c. C. E. (by lette letter) —Not only the 
paper demonstrate the design of a particular siphon, but it also contains a 

: with general rules intended for the design. . The author has based his state- 
a ments on an ideal case of a frictionless siphon, consisting only of the throat oF 
geetion. For case he determines the theoretical velocity. based on 
vacuum head, and the He also classifies as “high-head” 
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es selected a siphon with an | 80- uniform 
the exception of the outlet section, which he throttled in order to fill the outle aA 
and he it as a “high-head” siphon. « & 
Under ‘ ‘Introduction” the author states: “The term ‘high-head siphon’ is q 
a ‘used by the w writer to denote siphons that operate under heads i in excess of 34 ft > 
or the barometric height”; and, under “Upper Bend and Throat”: “Asa 
— rule experience with siphon spillways has established 24 ft of water asa 
maximum negative pressure to be allowed at any point’ in the structure. 
Iti ‘is not clear from the foregoing which of the two heads (24 ft or 34 ft) should — 


~ 


Rock qualifies the conditions for an ideal frictionless siphon without 
is outlet, as stated herein. ' This n may be satisfactory for | the pu purpose of design 
but is not ee a for the rs of checking when one must classify an 
existing siphon and obtain the dise harge on the basis of this « classification Be ome: 
4 Referring strictly to terminclony, one may ask why, for instance, a 50-ft 


he head should be called a “high head. a In reference e to dams at which siphon we 


* 


used in defining the high-head and low-head siphon. 


ds spillways mostly occur it cannot be called a high ea Perhaps heads begin- 

ning with 100 ft or 150 ft should be called high heads Res SG, ce AE 

e The dividing line, in the opinion of the writer, lies not in the head but in the 

3 eeoning of a siphon. To illustrate, a siphon with an operating head of 10 a 
ul ion at the summit will create a 


i limiting , velocity; and a further increase of head more than 10 ft will not produce - 


_ any increase of flow. Under the same head, if the maximum contepetion is 
_ made at the outlet, the maximum velocity will not be developed. On the other 4 2 


hand, a siphon under 100 ft of head and with a maximum contraction at the 
outlet may not produce the limiting velocity ; and, further increase or decrease __ 

f of the operating head will produce a change in the discharge. 3 If the outlet is ao 

sufficiently constricted this siphon will develop the maximum velocity. inset 

Consequently, independently of value of the operating head, a siphon may | 
flow with a limiting velocity and without an increase of discharge due to further 

wi 

iu increase of the head; or, it may flow with a velocity below the limiting value, 

4 discharge being affected by increase of the head. The writer proposes to — ! 
the ¢ siphons into two classes. depending upon whether the operating head is — 
greater or less than the limiting head at which the siphon calhiaah imiting Sa 

les” ras siphons may | be classed according to whether their discharge oo 

is equal to or lower than the maximum discharge. ‘The head at which this 

ct division occurs may be called the | “limiting head.” It should be made clear — 

i that the limiting head should not be related to to any definite value of 24 ft or 34 xs 

ft, but that it should be taken as the head producing the limiting velocity. . on a 
mentioned previously herein, the classification should be made general both 

the e standpoint of design and checking, so that by reviewing an existing 

i As to the theory proper, it may be noted that if the postulates of the author 4 

e about the position and magnitude of vacuum are ‘e temporarily accepted the the 

aed 
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— in which: K, and K, are as ‘cosine by the author; hy is the velocity head at the 
= throat corresponding to mean velocity, Vn; and n i is a a coefficient i in the ex- 


in which E; is the average kin kinetic energy of the curvilinear flow per unit of flow, 2 ) 


oe order to understand, better, the conditions existing : at the throat, and = 3 i 


using the criterion that the absolute pressure at crest of the throat should not At 
be less than zero, one may draw Fig. 5. The notation is by Boris A, Bakhme- 
teff,'5 M. Am. Soc. C. E, and the author. 
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= = 16 Discussion by Boris A. Bakhmeteff on ‘‘Tests of Broad-Crested Weirs,” by James G. Woodburn, — I 
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i. Am. Soc. Cc. E., Am. Soc. P. 423. 
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he for zero pressure at the crest of the throat is: 
a is the atmospheric head; i is the priming head; hy. = m* 


= mB he; ‘and Ky’ is the sum of the coefficients of loss from inlet atin rest, 


= v2gh, 


which reduces to Equation 1 (4) if = KY 


= 0. (14) to 


(22) for the particular siphon in consideration: K, = 1.035; Ki’ = 0.154; , 
= 4.980; = as = 3 ft; ha 24 #8: Then, by 


(In), 0. 770; 2 = 0, 593; and m? = 3. 060. _ Furthermore, by 


= 1.090; and, by Equation (21), iim in = 78.5 ft < 80 ft. Ae 
the siphow as designed by the author is a‘ ‘high-head” siphon 
a by only a very small margin. The means by which the limiting head was raised a 7 
to 78.5 ft is somewhat artificial and consists in throttling of the outlet section — = 
only. Otherwise, this siphon would definitely fall into the “high- head” class. 
this case, with K, = 1, the limiting head will be Him = 


BC would be better to designate this s siphon as one belonging to a class 


‘ieee discharge. The limiting ‘discharge corresponding to a head of 78.5 ft, | 

by Equation (22), will be: X 29.9 = 84 

ion (2 2), 050 X 0.593 + 1.090 
cu ft per. sec per f ft. This is the maximum discharge that this siphon will pro- 


duce, disregarding the further increase of the operating head. 


Gus a sharp crest such as may occur in a siphon with a vertical barrel, i a 
= and, theoretically, the discharge approaches zero. Actually, however, 


i ey there | will bei some flow through t the siphon. A cavity will form abotve the sharp | 
crest, producing ‘some minimum radius Te, depending on the conditions of the 
po > inlet. Consequently, if a siphon under consideration has an exceedingly small 
- ‘radius, r., , it should be verified that the latter is greater than its allowable _ 


minimum if an are for flow similar to Equation (4) is to be rammed a 


¥ 


= 

from Equat ai 
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The value of Te (min) be determined w with. the aid of the momen- 


principle used for entrance and throat sections. 
Te 


‘The: ratio of radii selected by the author is: k= 570. This 

is not the ratio, however, that gives the maximum discharge. "From Equation 

es. ae (4) it follows that the discharge reaches its maximum value witha certain aiid — 

of ratio k, r, being constant. Qi asa function of k: 

=k = klogez. Differentiating 2 F by k k and equating it it to zero, the 

k =0. 367 the value of = 0.368; and (max) 

aa = 103 cu ft per sec per ft. In this case the radius at the crest should be § i 

te = 0. 367 Xr. 2, 57 ft, and the depth of the throat should be d=r,- ' 

4. 43 ft, d = 3 ft, selected by the author. It would be interesting to 

compare the author’s basis for selecting the radii, 


o : a eS The position o of the maximum vacuum within the siphon, so far as it may be & 
ie determined for siphons with straight outlet leg, is at the crest of the throat — 
section.’ In the siphons with another ¢ convex-u upward curvature, besides: 
the throat ; situated down stream from the latter and without throttling 
et at the outlet end maximum vacuum is developed at the section somewhat down e 

‘stream from the throat section. This i is due to : an unrestricted increase in 


_ 5 ‘The ‘magnitude of the maximum relative negative pressure is limited, by 


the author, to 24 ft. This value acquires significance for computing the 
__ “imiting head” and the maximum discharge. It becomes especially important — 
Ps for siphons a at high elevations. _ For instance, at an elevation of 6 000 ft the ‘ae 
_ vacuum head i is normally reduced from 34 ft to 27 ft. If, then, 10 ft should be a 


ft as actual vacuum head. it is of importance, therefore, to make the 


recommendation as to the limit of the head to be used 

Prof. A.N. Gibson® states: “With reference to the limit of velocity at the 
ea a throat of the siphon the maximum velocity should not be higher than would © 4 :. 


cause a negative pressure greater than about 24 feet of water.” A, 


F = Naylor, one of the discussers of Professor Gibson’s paper, s states: ' “The pressure a . 
Was lowest on the inside radius and that minimum pressure must not beless § 


than a vacuum of about 28 feet of water. A. Etcheverry, M. Am. Soc. 


E., states: : “In practice on account of the air i in the water, the 


maximum suction lift is often taken as about 28 feet.” 
Kt follows from the foregoing « citations that recommendations for vacuum 
head vary from 24 ft to 28 ft. On the other hand, during experiments made by z ia 
_ #*‘Hydraulic Laboratory Practice,” by the late J. R. Freamen, Hon. M. Am. Soe. C. E., pp. 515 
610. to 


“Trrigation Engineering,’ ‘by 8. T. Harding, Membeia, Am. Soe. 
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C. Stevens, M. Am. Soe. C.E,, negative pressures of — 32. 5 ft 


observed at Elevation 700 above sea level, all of which shows 


from the author a more complete description of data upon which he recom- _ 
mended 24 ft of vacuum head with such confidence. 
a Mien conclusion, the writer wishes to say that the value of the proposed theor 
should be proved in checking the computed discharges with the discharges _ 


actually observed. He has selected the papers’ by Mr. Stevens for this 


purpose, using the observed maximum negative pressure at the crest as the wee 
yelocity head hye (omitting losses from the entrance to the throat). OL 
eA ne ‘Biphons Nos. 5, 6, and 7, reported by Mr. Stevens, gave the discrepancies _ 


sy. from the observed discharges as 0, —2, and 12 per cent. Siphons Nos. land 
- reported in a second paper indicated a discrepancy of —6% and 0 per cent. - - 
This indicates that, at least for this type of siphon, the agreement of tiery is 


“2 structively, siphon design procedure. Unquestionably the value of the a 
has been greatly enhanced by these contributions. edd 
ae Mr. Stevens has selected Siphons Nos. 5, 6, and 7 at Leaburg, and the two. 
¢ at Walterville for the purpose ¢ of comparing prototype 
“§ with predicted velocities based on assuming free vortex flow in the upper bend. 
He emphasizes the fact that in these particular siphons the barrel is —' Bf a 
_ only in part by water moving downstream and in part | by eddies. — Itisdoubtful — a 
FS that the designer of these ‘siphons intended to have a portion of the tube n non- — 
effective. This phenomenon i is not characteristic of all siphons. — At Leaburg 
the total head is approximately 27 ft and one would not expect separation of 
* the jet jet from the siphon tube. However, upon investigation it is found that es 
cross-sectional area ¢ of the tube at the outlet i is 1.5 times the throat area. — s 


: jet issuing from the throat section is unable to follow the » expanding barrel, bh 


under those conditions, with the result that part of ‘the area is rendered n non- — 
effective, velocities are increased, and extremely low absolute pressures are 
« developed. _ At Walterville the total head is approximately 46 ft and the lower 
i leg has & constant area throughout its length. In this s case separation of the bs 
2 jet from the barrel of the siphon could be prevented by tapering the lower leg 
ie ‘that the outlet area is reduced. In the opinion of the writer a siphon, . 
ce order to operate smoothly and without vibration, should be designed to elimi- 7 
aN “nate parting of the water from the siphon tube, « cavitation, and the presence ¢ of ma 
3 eddies or turbulent water pockets. {udintas of 
ie es When the water leaves the invert : of the upper bend, as it does at Walter- — 
ng ville and Leaburg, a new boundary is formed and its radius is no longer equal * 


is to the radius of the invert, but somewhat greater. It is difficult to determine _ 
Hydr, Engr., U. 8. Engr. U. 8. Engr. | Office, » Providence, 
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the exact value of this radius. Accordingly, the values ofr that Mr, 
= _ Stevens used in Table 2 are not correct and the values for radial acceleration — ad 
Pe —* the | crest are misleading. It is obvious that if rz is increased the. rellel 

acceleration (V2 12) will i increase, ‘resulting i in better agreement with the radial 
_ acceleration at the crown. Aside from this there are other variations that ie: 
‘ “ should be considered. For instance, it it may not be justifiable: to place full : 
“4 trust in prototype measurements where near absolute zero pressures exist and : 
_ flow conditions are extremely disturbed. In his tests'® Mr. Stevens has found 
that a piezometer connection registering very low absolute pressure would 
A Ss suddenly spout 1 water up in to the mercury gage. _ This indicates that condi, 1 
ae tions are highly unstable in the upper bend of a siphon in which the jet is allowed — 2 
“ to separate from the walls, and measurements made under such circumstances — 
might not be: entirely reliable. From the foregoing it follows that Mr. Stevens 
z has not shown conclusively that the assumption of free vortex flow in the upper 
as Flow conditions in a pipe bend (such as the upper bend of a siphon) are 
very complex and are not susceptible of exact mathematical analysis. The : 
problem i is made even more complex when the velocity distribution in the con- 
= duit, as it approaches the bend, is ;unbalanced. The shape and alinement of 
the conduit immediately down stream from the bend likewise influence the 
a a. flow around the bend id. Mr. Stevens states: “The necessity of admitting water — 
to the summit section through a priming conduit is one factor that m may nullify 
- “4 the application of the vortex principle.”” Not all siphons have priming conduits | 
which permit w water to enter in this manner. ia Naturally, in those that do have 
such provision, there is a a tendency further to complicate the v elocity « -distribu- 
tion in the upper bend. According to the analysis made by Messrs. Torpen, : 


- = Hyde, and Cochrane, shown graphically in Fig. 4, the effect of such admission 3 Be h 
of water in the Leaburg siphons | does not influence the velocity Cintra > 


enough to nullify the application of the vortex principle 


-- The writer disagrees with Mr. Stevens in the contention that a mean velocity _ 
of 40 ft per s sec or more would be found i in the lower leg if the siphon used fi for 


oa 


illustration were in use and under observation. Perhaps this would be true if 
outlet were not reduced in area. omit the reducer would result in some 
i in discharge which i in t turn would be accompanied | by pressures close to 
absolute zero and separation of the water from the walls of the siphon barrel. 
3 In this case a contracted effective area might well give mean velocities as high a | * b 
as 40 ft per sec. The ‘siphon designed i in the problem s selected for illustration, 
a. however, will discharge no more than 350 cu ft per sec, and it is ; the writer's iim 
—_— contention that such a discharge (in an upper bend of the dimensions given) 3 t! 


will not produce the phenomenon discovered at the Walterville and Leaburg — 


has been reported that the Walterville siphons vibrate to a certain extent 


git 
at full flows.?° is reasonable t to attribute such vibration to the unstable con- d 
true, as Mr. Stevens states, that open channels are e cheaper r than siphon 
barrels. _ There are many instances, however, in which the flow must be carried | eft 

7 a the Behavior of Siphons,” by J. C. Stevens, Transactions, Am. Soc. C. E., Vol. 99 (1984), B. m8 | 
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the point « of in a closed conduit. For example, consider the case 
e ~ a dual-purpose reservoir built primarily for flood control, but which at is 


i 6 embankment with the conventional flood outlet consisting of a tunnel w: 


the emergency wells and discharges into the 
Ey tennel down stream of the service gates. Fora project of this description there r. 
igno alternative; the flow must be carried in a closed conduit. 
f _ When the writer first used the free vortex theory in analyzing flow conditions at 
jn the upper bend of a siphon, he too was skeptical as to its usefulness. After ee. a 
making several comparisons with actual test data there remained no question — 

E a as to its value. The reaction on Messrs. Torpen, Hyde, and Cochrane appar 
ently was similar. . It is undoubtedly true that the paper would have been __ 
‘more convincing if comparison with actual measurements had been presented. a 3 

- It should be remembered, however, that the upper bend of a siphon is only a 
£ bend in a closed conduit, and that free vortex flow has been shown to approxi- 

mate, closely, the actual velocity distribution in bends by others. Nevertheless — 
the comparison given by the authors will be of value to those who doubt the ae 
application of the vortex theory. it has been shown that the velocity dis- 
_ tribution at the summit section is far from uniform (and this is now definitely _ 
¥ established) it follows that a plot of a computed hydraulic gradient based igi: 


4 


mean velocities will not reveal the true diminution of absolute pressure inten- = | 


Mr. Nelidov disagrees with th the application of the term “‘high-head siphon. 
He proposes to apply this term only to those siphons in which the operating ae 


“head exceeds the “limiting head.” As defined, the limiting head is that which 

_ develops the maximum discharge capacity of the siphon. — In order to compute 

- it the dimensions of the siphon to be classified must be known. In other words, . 

_ asiphon would have to be designed first and then classified . According to this a 
Reasoning bend ‘siphon could be either put into, or r taken out of, the high- 


irrational. The classification according to head as interpreted the writer 


_ byno means new. Perhaps to restate the definition in a little different manner _ sr 
will serve to clarify its meaning—a siphon falls into the high-head 


Throttling the outlet is a convenient w way to expend excess head. ROTOR 
_ The diagrammatic sketch in Fig. 5 is very comprehensive and will aid the 
designer in visualizing flow conditions in the upper bend. The writer has fol- 


Mr. Nelidov’s derivation and finds that it is 
correc 


Wille is prevented), special provision n must be made to. consume excess 


yqattee: (17) is the same as Equation 
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energy per unit of flow. In this manner maui (16) is cam for the case at ae 


. Mr. Nelidov illustrates how the priming head and the head losses from > a 
% the inlet to the throat can be included in the computations. There is some — 
2 question as to whether it is justifiable to include such small forces when the 
4 basic assumptions regarding flow are only approximate, and the head losses 
involved are difficult to evaluate. | Actually the elevation of the forebay and : 


may be commensurate, however, with the. general. accuracy of 
the method to compute the effect of priming head and head losses in the upper 
Ps leg which, incidentally, act to offset one another. In the problem | used ie 
illustration the only effect that neglect of these factors has is to increase the 
negative pressure at the throat slightly. Since the permissible negative ‘pres- 
sure of 24 ft of water has a factor of safety in; it, this i is s inconsequential. The 


~ 


The value K,’ from Table 1 is the sum of the losses between Section 1 and ~ 
st Section 2, and should be 0.186 instead of the 0.154 used by Mr. Nelidov. In 2 
checking through the arithmetic the writer finds that Equation (21) yields 
value for Hiim of 9 instead of 78. 5. The in Raquation: (22) as 


when r- becomes zero (that i is, the crest is a knife-edge) Equation (4) gives 


Mr. Nelidov attention to the of (4). 


3 finite velocity, no» matter how low, cannot change its direction without yn 
“a curvature, however small the radius may be. In the opinion of the wri 
. a hc except where hydraulic performance is of no consequence, the upper bend : a 
" cae siphon should be formed with regular curves of moderate radii so that the for- 

- mation of cavities is prevented. _ It is now a matter of common knowledge that At 
4 the discharge increases when a cavity (space filled with eddying water) of this 
3 nature is filled with masonry, in spite of the fact that the flow. cross-section i 


contracted. Equation (4) will be valid under these conditions. " at the 


4 


=] 


_ with exceedingly sharp crests, and that in checking the lo of pos 


3 siphons the minimum value of mentioned by the is vet 


2 


EP 


considerations enter. inte this problem. b Intentionally avoiding = 
details, because it was feared they might detract from the. original purpose se of 
the paper, the writer selected radii which, in his opinion, gave | satisfactory — 
'Nelidov points out that if a value for r, of 7.0 is used Equa 


‘tion (4) rea reads | = 39.3 loge and’ that if the first derivative of Q, with 


[=] 


« - respect to r, is set equal to zero, a value of r. can be determined which will give 
9 @ maximum value for Q;. For the case at hand, this procedure produces throat es 


ft dimensions of d = 4.43 ft and B = 3.40, giving a throat area of 15.06 sq f. 


soomanaon the throat dimensions of 1 the siphon illustrated in Fig. 2i a ae 


2.2 


— 
j.§| (10). Where the variation in velocity in curvilinear Can be expressedas § 
— 
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— 
— 
if 
— 
8 
"| 
— 
— 


ROCK on ‘HIGH-HEAD SIPHON SPILLWAYS 


“@) The throat. area is considerably smaller, thus decreasing the cost; (2) ‘the 
* priming qualities ¢ are better since the length of the crest is greater; and (3) the — 
3 transition from the rectangular throat to the circular lower leg is easier. ee, 


. 


oi length) will i increase rapidly. Obviously there is a practical limit pening 
3 upon such considerations as priming qualities, transition i in section, and rn 


Perhaps it is well that Mr. Nelidov holds « open for the matter er of 
maximum permissible negative pressure. A vacuum head of 24ft wasrecom- 
sented because it is a reasonable value and has been used in the past with e 
success. It was not the intention of the writer to suggest that hydraulic 
engineers use the value blindly and without regard for special considerations— ay, 
for example, operation at extremely high altitudes, or where the quantity of 
air dissolved in the water is excessive. Each case should be at analyzed indi- > 
_vidually by the designer. If all influencing factors were susceptible to exact — 
analysis it would be perfectly proper to use a vacuum head closer to the max- y 


imum of 34 ft. Owing to unforeseen disturbances and unpredictable behavior, a 

the value used should contain a factor of safety. It is common practice in a ie: 

_ structural design to use a working stress for steel of 16 000 or 18 000 lb per sq in, ‘a % 

é ‘Actually steel will withstand stresses up to the elastic limit of 32 000 lb per sq sq: Se = 
before it fails. One reason fog the. is to allow un- 


B distribution, that has not been discussed, but which warrants mention, is the i a ae. 
¥ utilization of the flow net or streamlines. For example, it may be necessary ae q af 
to find the distribution of velocity in the upper leg of a siphon. This can be _ Bhs. a 
done by drawing out the streamlines to a large scale, ged. 
It is often true in a paper of this nature that there is a tendency on the = Vo 
part of those participating in the discussion to single out certain. points and so a = 


f concentrate their criticism that the broad aspects of the problem as a whole are eran 


lost from sight. The writer’s aim was to answer certain questions arising in 4 
mind of the engineer. confronted with the task of designing a high- head 

siphon sf spillway. . That atmospheric pressure is a governing force in 

rs siphonic action is not difficult to understand. On the other hand, the design — 

a, of a siphon spillway where the operating head is much greater than 34 ft re- 

— quin es @ rigorous analysis to be able to guarantee, within practical limits, = . 

fixed capacity and smooth hydraulic performance without vibration 

concluding this ‘discussion the w writer wishes to emphasize pine: 
Q The assumption of free vortex flow in the upper bend is a valuable aid in ~ 

: designing « 8 siphon; and (2) there is no limit to the operating head for which | a 

nea can be designed. If the head is greater ‘than 34 ft the only special 1 re- 

— Quirement i is that the siphon conduit be formed i in such a manner that a break in _ 


water column or its from the conduit wall is 
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in and around dowels through transverse joints in concrete. pavements. a The ; ; 


om 


governing for an elastic structure in a mass. These elastic 
= presented herein i in simple form and are applied to round dowels such as 


_ yield in the concrete around the dowels. ‘The economical length of dowels i 


= 3 
oe Bee A reasonable rule for or the rapid appraisal of ‘the effect of dowel: spacing 


stated applied to varying” dowel spacing. ~The concrete stress relief 
famished dowels, being a function of dowel deflection and pavement 


the and stresses from inaccurate dowel installation. 
.. ~The values have been developed and applied to experiments of record, giving = 

some indication of the strength of the concrete. The variation in dowel Es 

alignment may be permitted in actual construetion, can be to 


Transverse joints in concrete pavements are necessary to m make longitudinal 
~ movements of the pavement possible, and to relieve shrinkage e and temperature. ; 


stresses. In most highway designs 3 round steel dowels a are placed across these 
fransverse joints, consisting of 2-in. or $-in. round plain bars, 2 ft long, 


1 + Research Engr., Laclede Steel Co., St. Louis, Mo. — 


om 12 in. nto 20 in. on ‘aia i “One end of the dowel is capped and painted or mer 
n bear in the Practical construction considerations, 
_-tion of performance, and experimental data rather than design | we have 


led to the construction practices 
The dowels should be required to keep the road surfaces on n each side of the — 


4 to relieve the concrete stresses due to wheel loads in the immediate vicinity of 
the j joints by transferring a a part of these wheel loads to the ad jacent pavement. 

be To perform these functions the dowels themselves must be strong enough to. 
= a reasonable part of load across the joint; and, further, they must be 4 

dimensioned so that t the b bearing pressure between tl the dowel a and the concrete — 

surrounding it does not exceed permissible values. They must transfer their 
F portion of the wheel loads with a sufficiently small deflection to offer a measure =. 
of side support to the loaded side of the joint even if on 


i although the methods have been referred to by investigators ors and solutions have - oy 


been provided for application in specific cases, or under assumed distribution of © 
concrete pressure along the d dow el.®- anil _ The exact mathematical solution of the — 


to dowels through joints has not appeared in technical literatu 


Professor S. Timoshenko and Mr. J. M. Lessels* 

As the deflection of a long dowel in concrete, and the resultant pressure 
istribution between the dowel and the ‘concrete, are not difficult to establish = 
mathematically, these solutions are presented in the following analysis and from 

3 them the dowel performance and dowel effectiveness 3 under cc common « construc- _ 
tion conditions have been determined. a has been necessary to use material 
constants with regard to the deflection of the dowel in the concrete as well as 

4 with regard to the deflection of the pavement | on the subgrade, which have not 

4 been experimentally determined with » accuracy. _ Numerical values included i ~ 

the paper, therefore, are not intended to be used other than for illustration « of ’ 


\ 


mass from its surface, Professor Timoshenko has OY 
relationship between the elastic properties of the two structures and the 


" st Ey n of the Reinforced Concrete Road Seb, ” by L. E. Grinter, M. Am. Soc. C. E., Bulletin No. 39, 

vet Pasion of Joints in Concrete Pavements,’ ‘by R. D. Bradbury, Assoc. M. Am. Soc. E., 


_ ‘Applied Elasticity,” by S. Timoshenko and M. Westinghouse Technical Night School 
Press, pp. 133-1 141. 
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‘DOWEL DESIGN ‘FOR CONC 


‘Fig. li is a deftection diagram 
ree The jedan stiffness of the structure and the mass is oe by the 


in which K = a “n inindidhhie of support” in an elastic mass, in pounds: per rinch*; — 
b= the width of the structure; fe = = the modulus of elasticity of the ‘structure 
(28 000 000 Ib per sq in.); a 


1.—Loap Dracram, Sx 
aN Exastic Srrucrurs EMBEDDED Etastie Mass Unpzr 4 Dowst 1F 


fined as the ‘Pressure intensity, i pounds per square 
required to cause a 1-in. settlement. As developed by Pro- 


~ fessor Timoshenko, the general equation for the deflection, 


2 { cos B 


aL pressure | between the structure and vi mass at any point is equal to K Sf 


uy 
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Modulus K is de 
clastic mans, of the structure, | 
B Mo (cosB x — z)}.........(2) 
which e = the base of N aperian logarithms; = distances at 
of tthe elastic mass; and o = the bending page Minne 
left face of the elastic mass, in inch-pounds. Moment Mo is 
slope of the structure may be established as the first derivativ 
— 


7 


pressure on the structure from to. are e obtained tom 
(2) for 


pat 


on 
si +s “ang M, at any point on the structure is obtained directly from ene 


=— {P sin Bz — cos 2)}. (8) 
From this value of M, the: shear i in the structure, at any Point msy | be 


The ‘election is made that the dowels are not bonded to the cneete 
and that they fit snugly into the concrete mass. Under these assumptions 
t is evident that Equations (1) to (7) are d ‘directly applicable to long dowels. 


Load P is equivalent to the shear acting on the dowel, transferred from one A> 
a road slab to the next. _ Moment Mo is the moment in the dowel at the face of a 
th the joint incidental to the | transfer of this shear. In practice, the dowels a are 

usually not very stiff compared with the concrete pavement. It is an ac- 

ceptable approximation, then, to presume that a point of contraflexure exists in a 


_ the dowel at the center of the joint, in which case, for a joint width,a: 


Formulas for the. solution of long dowels may then be written i in the following a 


simple and usable forms: From Equation | (4) the deflection of the dowel with = 


respect to the concrete, at the face of the j oint, is: 
Bi 2+ +8 baw :elowob lo 


From Equation (3) the slope of the dowel at the og of the joi 

2B°E,1 


From Equation (5) the ~where the direction 


ee (7), for = = 0, determines the point, tm, where maximum mo- 


‘ 
tag 
= — Me — P)sinBz+ PcosBz}........(7) — 
4 a 
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ci this value in ine (6), the maximum moment in the bic <8 


“= 


e stresses and deflections are proportional to P. 4 The of 


or ConcrerE IN Dowsis Ane 


Values of in Equation (1) have “not been determined experimentally. 


_ The only values known to the writer are those suggested* | $ by L. E. Grinter, 

Mz. Am. Soe. C.E., of 300 000 Ib per in.* and 1 500 000 lb per in.?. represents : 
.. _ the elastic deformation of several inches of concrete above or below the dowel; a 
eg and its numerical 1 value, therefore, would be less than the i of elasticity S 


dow els entering a concrete pavement slab are completely surrounded by 


concrete. concrete above the dowel holds that immediately beneath 


than the value existing at the dowel in reverse to the depth 
it. ‘Thes stress condition illustrated i in Fig. 2i is theoretically correct for loadings 


p at a boundary ‘surface. . In actual road construction the vertical depth | of the 
2 concrete beneath the dowel i is usually from 3 in. to 6 in., and the vertical pressure — 
in the concrete at the bottom of the slab cannot be greater than the rene i 
pressure exerted by the slab on the soil. ae follows, therefore, that for the : 


= _ average grade of concrete now in use, the value of K probably is higher than - 
= ys 000 lb per i in. 3, In this paper K has been assumed equal to 1 000 000 lb per 


bse: "ieee the value of K is decnntenk. to a major degree, upon the pressure 
ae immediately at the dowel, its value will probably increase with an increase ~~. 
4) th the size of dowels; ; and the experimental establishment of the value, K }, is 


K will not ‘influence the stress distribution to any great — 


may | be directly. Table 1 affords ac 
bes Sa “picture” of the stresses in and around dowels. The maximum moment A 4 
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shears other than 1 000 Ib, the values of deflections and stresses 
in direct proportion for values within the yield point of the steel or the 
bearing resistance of the concrete. Stresses above the yield point in the steel 
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the joint. Lost 
is the one. Accordingly, the steel in the dowels should have 
; ‘sufficiently high yield point so that it is not reached before the —e stress adits 


: the eoncrete h 


— 


a) 


0.0022 
0.0024 
0.0026 
0.0028 
0.0030 
0.0035 


“ (irst reached at the point of n maximum moment inside the concrete) have the 


has exceeded any possible ultimate value. 
s CHARACTERISTICS OF DowELs FOR A pe 


| 


or 1000 Pounns; 


_ DISTANCES, IN 


INCHES, FROM THE 
Face oF THE JOINT! 
TO THE oF: 


Sec- 


First 


stress 
re- 


|versal 


@ | 


2160 


2 380 
2 590 
2810 
3 030 
3 460 


Th 


(3) 


5S 


et! 


ond 


stress 


re- 
"versal, 


In 


ol 


BSSILS 


if (c) 1-Incn Dowets; I = 0.049 Incnt; 


stress, | INcHES, FROM THE : 
_|Face or THe Jormt| 
jin — TO THE Pornt oF: | Maxi- 


4 


j-Incu Dowex ts; I = 0.029 Incat; 
0.723 
J 


0.0017 | 1 shee 
0.0018 
0.0019 | 
0.0021 
0.0022 
0.0025 


= : 


infinitely long dowel. 
dowel shear, and dowel moment have been plotted for an infinitely long 0.75-in. 


_ dowel and a joint opening of 1 in. The pressures between the dowelandthe 


concrete decrease very rapidly’ with each succeeding stress change. 


In Fig. 3, the typical diagrams for concrete pressure, re 


aba 


4 The foregoing t theoretical analysis of dowels, of course, is correct only for an 


a The effect of introducing short dowels can be estimated as a correction - 


as of pressure change. _ This point (see Table 1) is 5. 81 in. in. to 5.36 in. from the rs 
joint face. According to Equations (6) and (7) the shear s and the moment in an a 
dowel this point, for a 0. 75-in. dowel 1-in. joint opening, 


— 
‘= 
effect or increasing the maximum earing Pressure on the concrete at face 
— 

— 
at posed on MMaxi-| in f of posed on | First | Maxi- 
inches| | ‘the con- | mum | inch- || "the. | the con- | stress | 
the crete at mo- | pounds ‘oint crete at | re- | pounds 
| joint | the ment,; Jom® the face | versal, ment, 4 = 
| 0.0013] 1300 | 2.40 | 7.20 | 1.20] 495 || 0.0009 | 2.84 143)  ##@ 
0.25 | 0.0014 | 1410 | 2.28 | 7.08 | 1.07 | 575 || 0.00095] 950 | 2.72 1.31 | 665 — 
0.50 | 0.0015 1520 | 2.19 | 7.00 | 0.99 | 665 || 0.0010 21010 | 2.62 1.21 | 755 
075 0.0016 1620 | 2.10 | 6.90 | 0.90 | 760 0.0011 | 1070 | 2.54 112} 85000 a 
1.00 | 0.0017} 1730 | 2.03 | 6.84 | 0.83 | 360 |/0.0011 | 1 2.46 1.04 | 945 
1.50 | 0.0019 1940 1.91 | 6.71 | 0.72 | 1060 || 0.0013 1 250 2.32 0.91 1145 
iim 
: _ 3 
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values are lees than 5% 0 of the values at ‘the face of the joint, 
moment being of reverse sign. The correction in the actual stresses, made 


necessary by cutting the dowel at this point, is equivalent to considering the 
g 


+81 Lb per Sq in. 


in Pounds per Sq 


_Dowel, Infinitely 
Long” 


= 


4 


= 


3 


. 


3. ‘Pressure, Moment, anp SHEA EAR ror Dow 
po. ‘toe. dowel extending toward the left from the end loaded with a dent of + 17.5 lb 4 
a moment of — 21.5in.-lb. The pressure, shear, and moment due to these 
id a correction loads are shown by the broken curves in Fig. 3, as corrections to the ia 
3 first. developed diagrams. _ As may be seen, the influence of cutting the dowel — 
at the second stress-change point is not noticeable upon the maximum stress 
oi at the face of the joint, the computed influence being less than 0.25 per cent. 
= It is to correction process ther face of th 
joint. 


a 
4 
dc 
4 
l-in 


= 7 
— ‘DOWEL DESIGN FOR PAVEMENTS 
computation indicates that it is unnecessary iry to the 
dowels beyond the second point of pressure change. Since valuesofshearand 
sass are quite low for some distance before the second strese-change point e 


z adjacent pavement slabs stil) and thus the greater part of the wheel load will: +: 
be transferred by the from the aide to the unloaded side. 


a 


‘ conditions are illustrated in Fig. 4, and may be defined by a simple formula — 
under the assumption | that the faces remain parallel, ironed 
2 all The deflection, A, across the joint is equal to twice the sum of tk the e following — . 

6) The deflection due to the dowel slope ov over one-half the joint, pa > 

The deflection of the « dowel steel over one-half the joint, = 


a 


i joint; tora the deflection in 1 the part of the dowel in the joint opening. The 


| 


_ The deflection, A, is obtained directly from Equations (9) and (10) by o 


The deflection i is proportional to the dowel shear, as shorn for 0.754 
and 1 cowels! in Table = 


i 
i= 
— 
f 
ge imary importance in judging the dowel ac 
<3 
¢ 
4 
4 
— 
Be ar 
— 


tests of the United States of Public Roads, however, rarely exceeds 10% 


— 


In practice, the | joint would not remain “The slope of the 


of the: slope of the dowel at the face of the joint as determined by Equation (10). : 
BS For maximum dowel shear, when the wheel load is near the joint, the two joint 
faces may slope in opposite directions, minimizing the influence. Therefore, 
ik the effect of pavement slope upon dowel | deflection across joints may be 4 

TABLE 2 —DErF.ection Across Jornt ror 1 000-Pounp Dowet ann 


— 
0.50 0.75 «1.00 


0.0065 | 0.0079 | 
0.0036 | 0.0042 | 0.0049 | 0.0062 
6.0023 | 9.0027 | 0.0080 


wels, "designed, ‘should serve ve the twofold 
trated wheel loads. The maximum stress is that which occurs curs parallel to the pe 
: edge—for edge-line loading a tensile stress in the bottom of the slab immediately 
‘e _ under the load; and, for corner loading, a tensile stress in the top of the slab — 
"some distance from the co corner. je In each case, this stress is proportional to ~ 


deen the load ma y be assumed ane the stress in the p pavement in 

the same proportion - it transfers part of the wheel load to the adjacent slab & 
by the dowel shear. Dowels some distance from the point of loading cannot — a 
Bos considered as 8 effective a as those that a1 are e closer. bg T hey will be farther from 


om 


Convenient diagrams for determining the moment under and near the whe 
tend have been presented by H. M. Westergaard, M. Am. Soc. C. E.’ For 
- _loodings a considerable distance fr from any edge the maximum positive moment 
a is beneath the load, the maximum 1 negative —. is 1.81 from n the point of : 


Highway Research 1925. 


2 -™Computation of Stresses in Concrete Roads,” by H. M. F teh Annus} 
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4 conditions in the concrete itself. The ideal dowel condition would be that dj 
which would transfer shear along the line of the joint identical with the 
7 - of the slab. When support across the joint is lacking, the shear in planes a 4 
a ys ____ parallel to the joint will increase correspondingly. The combination of shear a -— 
4 
— a 
— 
4 
be 
— 
— —— 


wer 


DESIGN FOR CONCRETE — 

~The ‘moment diagrams for loading at an 1 edge a considerable distance from 


show a small maximum negativé moment at approximately the 
distance (1.8 1) from the point of loading pre 


ae At the points of maximum negative moment, the shear in n the conerete ina ye. 
plane perpendicular to the edge m must equal zero. _ This shear is is the sum of of the 
- forces on one side of the section: The subgrade reaction, the concrete shear in 


planes parallel to the joint, and the ¢ dowel shear. Beyond the point, 
<i from the load, the moment « changes ° very little. The influence of : any one of the Pea 


+ shear increments beyond that point, upon moment under the load, 9 ET 
may” safely be neglected. effective dowel shear may reasonably b 
‘estimated i in accordance with the following rule: 


el from the point of loading, to zero ata distance of 1 81. 


The effective dowel shear decreases inversely as the ‘distance of the 


is sufficiently accurate to consider the moment diagram of each dowel 4 7 
- a 


shear as identical to that produced by an equal wheel load, the dowel shear pete 
acting in an opposite ‘apres to the wheel load. Table 3 gives the monfent k. 


LE 3.—Prorortion OF Moment Reuievep By DoweL SHEAR 


DisTaNcE FROM THE Loap Pours To THE Dow 
_& PROPORTION OF THE Rapivs oF 


Deseiptien RELatIvE STIFFNESS: 


j 
Proportion of effective dowel shear. . 3 0.44 
Moment at the Load Point, in Inch-Pounds: 
a unit dowel shear . —0.02 
the effective dowel shear I —0.01 
"Moment expressed as a of the 
_ moment due to one dowel at the tend point. 


immediately under the wheel load of effective for ‘increasing 


distances from the point of loading to the dowel, the moments taken 
directly from data presented by Dean Westergaard? 
slab 


may be developed numerically for any spacing, number, and 


_ of dowels relative to the load point. The sum of the effectiveness of the active 
- dowels, expressed as percentages ¢ of f the effectiveness of one dowel, immediately 
“beneath the wheel load, for varying pavement depths, and for dowel s spacings 


from 8 in. to 20 in., is illustrated in Fig. 5. The lowest efficiency occurs when 
the wheel load is between t two dowels. ta With c customary dowel spacing, wheel 
&y loads between dowels will occur most frequently (see solid lines in Fig. 5), and in o: 
i rating the stress-relieving value of dowels relative to their r spacing, they should 
bes 80 compared. The average effectiveness for. 5-in., -in., and 7-in. 


thickness under these conditions i is as 


— 

‘ 

— 
— 
— 
— 
— 
— 

| 

‘| o oa! oer | os | 102 | | 182 — 
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— 
| 


DESIGN F FOR CONCRETE ‘PAVEMENTS 


“If the are be effe ective > in de decreasing in in the concrete, they must 


_ These values, established direetly from Table » 3, are based on the e assumption a 


io. that the ¢ edge moment distribution is not changed. ‘For very close dowel 
ne 


spacing and for very rigid dowels this assumption be too approximate 


att 


ues probably apply 


spacing of 12 in, 
75-in. 


in.; and also 
25-in. dowels 


Corner Loading, Lead Distance 4 NSVERSE ith 
From Corner; First Dowel One- TRANS 


12 and Dowel a 


rorpeD By Dmecriy Unpmr Loap af evaluation of 
us 
an it is ey, to ) establish a basic value of one dowel at the loading point 


then be if the deflection of pavement edges or corners 


— 

— 
: 

SSS 

tan ~ — 

3 
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The the deflection is directly proportional to the load 
peewr by the concrete (see Fig. 6) approximates closely the results obtainedin ==> 
2, actual deflection ‘measurements by the Bureau of Public Roads. 7 Computed in 4 


_ The deflection of the loaded pavement edge must equal the deflection of the 
: dowel plus the deflection of the adjacent pavement edge, and the load on the 
Adjacent ‘pavement. edge must be the same as the dowel shear. if We= the — 
the load, P = the shear on a dowel directly under the load, and y» and 


v ya = the deflection of the pavement and the dowel, ScapcNe ir for a unit 
load, the following v values govern: 


(0) The deflection of the dowel, ya P; and inte: 7? 


* 


(W - - - va P + Ue P 


— 
— 
4 a 
= 
2 
from which equation the dowel load transfer is o — 
— 
— 


a, in onan Load in Kips* in Kips* ‘Lead in 


| 
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= values have been computed for common ee dimensions in Table 4, 
= yp obtained® from Fig. 6, and Table2, = 


"TABLE 4— —PERCENTAGE 0 OF Loap TRANSFER Across TRANSVERSE. -Joners 


FOR PAVEMENTS OF STANDARD THICKNESS; Loam SUBGRADE; 

PERCENTAGES FOR THE FoLLow1nc DowEL DIAMErens, IN INCHES: 


(a) 6-Inch Slab; Joint Edge|(6) 7-Inch Slab; Joint Edge|(c) 9-Inch Slab; Joint Corner 
Width of joint, Deflection = 0.0033 X the | Deflection = 0.0025 X the = 0.0045 X the 


| 1.00 125 | o75 | 


ret to 20-i1 -in. _spacing), affords an 5 at doe of checking the theoretical value a 
of stress relief due to dowels with data . The percentage of load 


TABLE 5. —CoMPARISON BETWEEN EXPERIMENTAL AND THEORETICAL VALUES i 
OF Dowex Srress Reuter (0.75-IncH Dowels) 
> 


6-IncH PaveMENT; 0.75-INcH JoINT; 7-Incw Pavement; Butt-Jomr; 
75-INcH# DowE.s; 18 IncHEs, pdf 0.75-Incn Dowel 24 IncHEs, 


Observed Stress Relief One Dowel || Observed Stress 
Under Load |} 


Stress Under 
Load, in 
Pounds per 
Square Inch, 
| with Edge 


a 

Stress Under Lona 
Load, in 

‘Pounds per 

Square Inch, 


= "with Edge 
Between dowels... 


- At dowel 297 | 235 


(percent- | 


perce’ 


Effectiveness for load | — 


Dow- 
eled 


osition and spacing, 
ition and spacing, 
Fig. 5 (percentages) | ©& 


Fig 5 (percentages) 
Stress relief, in pounds 
per square inch 


Adjusted stress relief 
computed 


Stress relief, in po 
per square inc 
| ages) 


215 | 
182 | 93 


— 
— 
— i 
| by ler 
— 
329 | 368m] 338 | 338 | 418 
0.75 ~ 22.8 30.5 os . 29. 7 | 
5.6 | 19.5 | 27.1 
— 
— 
— 
— ag 
lief 
12.5 11 || 275 sinlh . 
62 | 21.0 | 23 |] 275 | 10 
oads, October, 1936, p. 176 et 
| 


DOWEL DESIGN FOR CONCRETE "PAVEMENTS 


Soe. C. E, ‘and Mr. E. C. ‘Sutherland, from Dave 
me computed in Table 5. The values in Table 5 for a 0.75-in. open joint 
dink | closely. For the 7-in. slab with butt-joint, the theoretical values are gOS 
eonsiderably lower than those developed experimentally, particularly for a 
heel load between dowels. These experimental data indicate that there is ba 4 : a 
gonsiderable load transfer and joint ré restraint due to surface friction across t the 
which wi make the experimental values of stress relief greatly 
higher than what would be obtained with dowels alone. 
open contraction joints and | expansion joints of conventional 
:* foregoing theoretical method of computing stress relief due to load transfer ; a 
ce _ apparently gives results, in substantial agreement with those observed experi- 
mentally. Thisi is evidence that the assumptions in regard to concrete yield, K = 
= the influence of dowel spacing by the use of edge moment distribution, are - 


_ The method offers a possibility of determining the performance of fond in a 

: regard to size and spacing, and to furnishing designs for any required degree of ar. et 

: stress relief across a doweled edge. In no applicable case can the load transfer : a 
ee or stress relief exceed 50 per cent. For the close spacing of rigid dowels ae. 

method requires adjustment, because in that case it is not a sufficiently close a ‘e * 

‘approximation to assume that the ‘moment distribution for an unsupported — 


Table 1 gives the ‘conerete bearing stresses: a 0. 15-i in. a a 


shear of 1000 Ib. The 1 moment in the dowel for bearing , stresses from 2 160 Ib 
per sq in. to 3 460 Ib per sq in. varies from 400 in.-lb to 980 in.-lb, and the — : 

re ‘maximum fiber stress in the dowel: varies from 9 700 per sq in. to 23 | 600 per 


- dowels n may be expected to transfer not more than about 25% of the wheel loa —— 
_ incommon pavements as shown in Table 4. A dowel shear of 1 000 lb would jo ‘a 
a then correspond to a single t tire load of 40001b. These values are in fair accord © a 

With those encountered in actual practice. If the dowels connect’ pavement ley. 
Me slabs under which subgrade support is inadequate, they will be required to “ 
. transfer more nearly one-half the wheel load, in which case stresses approxi- ie: ae 

9 ‘mately double those for a 1 000-lb dowel shear may be expected to occur %.. 
~ extreme > stresses would then approach both the yield point in the steel and the me ie 
ultimate comp compressive » strength of the concrete as established by the usual tests, pa 
although, in the confined space surrounding the dowel, the ultimate concrete 
Stresses may be ‘considerably higher than those established in the usual tests. 


change from 0.7 75-in. to 1-in. dowels would ‘improve the transfer: 


The conerete beneath the dowel for a 1 000-Ib dowel shear would vary: 
from 300 to 1 950 Ib per sq in., the maximum moment in the dowel from 


¢ 


— 
2 

a 
— 
— 
— 
— 
— 
Neither of these stresses exceeds that Which can easily be taken DY the 
vise ple materials; of the two, probably the concrete bearing stress is the critical — i f - = 
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495 in. Ib to 1060 in.-lb, and the extreme fiber stress in the steel alk 5 a ai 
to 10 800 lb per sq in. The increased load-transfer capacity would noticeably 
oo). = strengthen the joint edges both against corner cracking and longitudinal crack- ee 
= ae ing between the edge and the center joint. The decrease in stress both in the 
ee concrete and in the steel, with the use of 1-in. dowels, is such that their “Use in 
heavy-duty concrete te pavements seems well warranted. | 


CoNSTRUCTION CONDITIONS AND DowEL _ PERFORMANCE 4 


«Effect of In naccurate Dowel Alignment —If all dowels across a “transverse — 
cr m joint are parallel and the concrete slabs remain parallel, there is no resistance — i “29 
to movement in the joint except that exerted by frictional bond between the — 
a ae dowel steel and the concrete. If the dowels are not in alignment, , however, 
_ their resistance to the movements of the joint will increase in proportion tothe __ 
“8 severity of the movements. — Forces will arise to deflect both the dowels and the 
_ pavement edges sufficiently to make their defiection correspond to the relative 
Bc. ry movement. These are shear forces on the dowels, and their deflection may be 4 
e Si computed according to established formulas, as illustrated in Fig. 4. Each one oa 
“8 of the two deflections—that of the dowels and that of the “pavement—is _ a 
ang ascertainable independently. _ With common dowel spacings, the stiffness of we 
7. the pavement edge will be so much greater than the stiffness of the dowels that 
os the deflection of the pavement between adjacent dowels may be neglected. ide 
ar: The dowel deflection is given in Equation (14). Inits application toa dowel — 
on an angle: with the direction of movement, the dowel deflection must equal — ag 


a the transverse component of the ‘movement in a parallel displacement of the z 


_ dowel; this is proportional to the movement and to the angular deviation of the — 


a, Under the assumption of a fixed pavement edge, the relationship hetwom,: ‘3 


we 


a4 = 


additional opening of joint; a; = 1 new joint width; and 
a= of the dowel in the direction of movement, in radians. ‘The 
Telationship between the dowel to the 
‘Table 6 contains computed various joint all 
ae movements. _ The data apply for dowel misalignment in the horizontal as well a i 
s as in the vertical direction, provided the modulus of support i in the concrete, K, a 
“ead With the aid of Table 6, it is possible to find the loads on the dowels for 
any given construction condition. Shears and bearing stresses are shown for — se 


contraction n joints and expansion joints: fy the 


q 
+ 
a 
— 
— 
— 
— 

| 
th 
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dowel loads ond stresses will i increase 4 
TABLE 6. —SuEaR, Py IN Pounps, Duk To a Dowe. or 1% 


CHANGE IN Jornt Wrprs, i, In IncHEs 1n Jornt Winrs, i, 


0.25 | 0.50 ozs | 1.00 | 1.50 Final | 0.25 0.50 0 | 075 | 1.00 | 1 1.50 3.00 
width, 


Corresponding Vertical Dowel Deflection, || i, in Corresponding Vertical Dowel Deflection, 
Thousandths of an Inch inches | _ in Thousandths of an Inch 


2.5 | 5.0 | 7.5 150 | 30.0 || | 5.0 


| 
78 | 10 10.0 o| 15.0 | 2 30. 


580 | 1155|1730|2310/3460| 6920] 0 | 960 | 1920/2880) 3840| 5 760| 11 520 
025 | 470/940] 1410} 1 880} 2 820/ 5640 |] 0.25 | 815 | 1630] 2 445 | 3 260/ 4 800] 9 780 
050 1 4 
| 390] 775) 1 160} 1 550] 2 320} 4640] 0.50 | 95 1390 | 2085|2780|4170| 8340 
075 | 640| 955!1275/1910| 3820] 0.75 | 595 | 1185] 1780|2370| 3 560| 7 120 
| 530] 795/1 1590| 3180|| 1.00 | 510 |1015/ 1525|2030|3050| 6100 
£80 | 185] 370} 560] 2240]| 1.50 | 405 | 805|1210|1610/2420| 3220 
300 | 75| 150] 230) 3.00 | 175 | 350] 695|1050| 2100 
1. 
0.50 | 1 090) 2 175 | 3 165 | 4 350 | 6 330] 12660) 3.00 | 325 | 645) 1940) 3880 


F ab Since the bearing stress. between | the dowel and the ‘concrete apparently i is 


“the critical stress, {ft has been developed from Table 1 and plotted in Fig. 7. - 
3 As may be seen, exceedingly high concrete stresses ae excessive ‘ater ft 


those caused by the normal load transfer function. a 
The actual forces will be less than those developed seouming that the 


‘pavement is entirely rigid. To some extent, the direction of longitudinal 
| evenet follows the average alignment of all dowels. The force acting in sa: 

the dowel, therefore, is dependent on the individual deviation from this av average. AJ 2 
‘The full dowel force is not developed if the deviation in alignment occurs i a 
‘@aduallyfromdowel 
Strength of the Concrete Around the Dowel. Some general of 2 
| concrete failures around 0.75-in. dowels have been reported by Mr. A. R. Smith 


and §, W. Benham, Assoc. M. Am. Soc. E.* The data are classified for 


aud in Table 7, in which the stresses to which 1 the misalignments correspond, 
asread from Fig. 7, are givenin Column (5), 


The uniformity of the two sets (in Table 7, Items Nos. 1 and 4 against 
Items Nos. 2, 3, and | 5) of computed stresses for the observed evidence points 


Effect of Dowel-Bar Misalignment Across Concrete Pavement “Joints,” Arthur R. and 
Sanford W. Benham, Transactions, Am. va 1133. 
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1" Expansion Joint 


“Ue 
: 
—_ 


 DOWELS 


=| 


1.00 
Joint Width, in 


—Dows. Spear AND Concrete Sraess Propucep sy Joint Move 
A Dowet 1 Per Cent. per Foor or DowEL) 
Siig, WED omits 


— OBSERVED ‘Srreneto Arounp D 


in ine Extent of 


around ets | 


Contraction Slight 
Contraction | A Distinct 
Contraction | 0.50 Failure 4 
Expansion Slight it 
Expansion Completet 
DOTTI20n 2 


BOF. 


Additional at joint. Complete cracking and spalling. $4 X2700 = 10 800. 
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4°33 
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| 
Dowel Sh Shear > 
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ing stress, in . 
pounds per 
square inch, 
from Fig.7 
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separate stress. conditions i in the concrete. The slight spalling, 
with bearing stresses of about 3 000 lb per sq in., probably indicates failure of a 
secondary frictional nature, or direct tension immediately beside the dowel. | 
- The ultimate stress of more than 10 000 Ib per sq in., ., undoubtedly indicates — - 
failure in compression, or for thin pavements failure in tension along the cone- teas ‘ 
Be shaped surface under or over the dowel. The behavior, including ten extensive — 
: cycles of movement, indicates that it m may be safe, in design, to use a bearing 
be stress of epee less than 3 000 Ib per sq in. between the dowels and the | 
~ eonerete. hi ‘The data indicate the presence of a high compression stress in the ‘a 
a confined concrete surrounding the dowels, which had been expected. — 
stresses under exceptional conditions may be permissible because, although 
‘ concrete failure would result around an exceptionally faulty dowel, such pe 
may not be noticeable in a pavement failure on good subgrade. pained wate 
‘Theoretical analysis of stresses due to dowel misalignment establishes the 
fact that the dowels must be placed with considerably g greater ‘accuracy for ; 


wide joints than for narrow joints if both are to close to the same value of aj. 


- practice is is set at 2 000 Ib per sq in. in the concrete, the m misalignment of 0. 75-in. Me 
expansion joints intended to maintain a minimum opening of 0.25 in. should 
not be more than 1% for either 0.75-in. or 1-in. dowels. The same permissible fae 4 
Re average dowel misalignment would apply to 0. .75-in. ‘or 1-in. dowels extending 4 
through a contraction joint with a maximum opening of 0.50 in. lowe t 
ae - It would seem impossible to tolerate alignment errors of 0.5 in. per ft of 


length, except under the most exceptional circumstances. . The efficiency “ae 


~ the joint and of the dowels is seriously impaired by greater misalignment than 
fi in. per ft, although the edges of the joint may not fail. fuse 


Most pavement designs include spacer or distribution Sone: parallel to, and = 
each side of, transverse joints, to which bars the dowels are tied. The, 
— bars are justified for reinforcement at the edge of the joint. However, Fa a 


xaos has not proved adequate to maintain the horizontal mt omar of the 


* 


ce 


= increasing the material or ‘work necesaary in the seenearetean of the 


» Satisfactory alignment in the vertical direction can be obtsined with sup- 5 ae 


e _ ports from the subgrade placed near the outer ends of each dowel. These sare . 


supports must be substantial enough to retain their position during concreting. 2 
It should be to the dowels with a if reveals, 


— 
— 
— 
mit 
— 
aa 

4 
— 
— 
— 
; 
a Fig. also illustrates the fact that 1-in. dowels cause no greater Dearing stresses 
in the concrete than 0.75-in. dowels for identical misalignment. 
| 
4 
- 
ingly, specify crimping or other mechanical processes, to locate the dowels 
_ § exactly and also to extend the spacer bars exactly to the side forms so the = ee 


1e joints, cannot 
be maintained in satisfactory alignment, because they will be influenced by % 
movements of the joint under the action of the fresh concrete. Particularcare 
is to ‘maintain short dowels i in correct alignment as s the 


3 Dowels supported ot on ie joints only, ¢ or vei near the 


a Dowels across the transverse joints of pavements can be designed exactly by ee 
pod simple formulas. ‘The value of K (1 000 000 Ib per in.*) used in this paper — Pe 
should be verified experimentally by actual load tests on dowels. Itisbelieved 
to be sufficiently close, however, to permit its use for stress determination. 
ae Actual stress determinations show relatively high stresses both in and around 4 a 


0.75-in. dowels under loads that may be encountered in practice. Increase in — Ane 
- the size of dowels relieves the concrete stress quickly. — . The dowel | length may yee 
; be decreased to one-half the 24-in. length now common in actual construction. a i. 
_ Experimental and theoretical stress and moment determinations in pave- a oy 
ments subjected to edge loading indicate that dowels which are farther away es 
Bs tha n 1.8 times the radius of relative stiffness are totally ineffective for the ae 
: es. relief of traffic load stresses and that their effect decreases rapidly with i increas- Bs 


ed crease in effective shear is spropased a as a convenient and sufficient approximation. if ef 
- Dowel deflection across the joints is primarily a function of dowel deflection _ 
- elastic slope at the face of the joint. uv Deflection of 1-in. dowels is approxi- 


¢ slo 
"mately one-half the deflection of 0. 75-in. _ dowels. _ The stress relief offered by yy 


| 


pavement on the subgrade. proper design | and construction, stresses can 


this purpose if they are spaced sufficiently close. The performance of 
dowel can be predicted quickly by the method given in this paper,-a and t the size es 
of the dowel, as. well as the proper spacing, can be determined for any y desired ies 
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“Stresses due to inaccurate dowel installation have been determined. With 
a i. = extreme joint movements, they may exceed the stresses due to traffic loads = 
unless care is given to this construction detail. Observed concrete failures 


i ae under known conditions of dowel misalignment indicate the presence of high ‘ 
=>. ultimate concrete compression stresses in the confined space around the dowels. — § 
a A \ design stress of 2 000 Ib per sq in. between the dowel and the concrete appears 2. 


justifiable. Dowels should be aligned with extreme care if they are to perform 

their function during the life of the pavement. Satisfactory dowel performance Dy 
3 can be obtained with less weight of steel than is now used, but as the dowels are 4g 

a increasing care must be given the exactness of the supports ee 


ce. A great num 
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for Mechanics, Engineering, and Testing Materials," com- 


- piled by a ‘a committee of the American Standards Association with — 


_ representation, and approved by the Association in 1932: aay fe 


width of a joint between pavement slabs; a - new width after the 


joint has spread or closed; 


oe “e | | = breadth = the width of a structure embedded i in an elastic mass; ~~ 


c= ee of elasticity of a structure; Z, = modulus of elasticity for 


moment of inertia ofa structure; 


modulus of support in an elastic mass, defined as the pressure — ss 


Ke 


ensity, in Pounds per square inch, on 8 mass, sufficient to cause 


settlement of 1 in.; 


ength; oe La = distances to Sections 1, 2, from the 
face of an elastic mass, Sections 1, 2, --- n being points ‘whee the — Pa 


% pressure changes direction; 


= moment at any point of a structure and an elastic mass; My = mo- 
ment in a structure at the left face of an elastic mass; te 
P = load, or shear, on a structure at the face of the elastic mass; P= = the | 
a load equivalent to the developed shear; — = ; 
= unit stress; 8, = unit stress at radial distance, p; r 4 
= shear in the structure at any point; 
= total weight; wheel load; | 


distance parallel to ) the X-axie, or the horizontal axis of a structure; 


awl 


= ' deflection; distances parallel to the Y-axis; deflection of a structure : 
relative to an elastic mass; yo ‘= deffection at the face of an elastic a 


deflection of a dowel acted upon by a unit load; 
misalignment of a dows el, in radians; 


~ 

B = relative stiffness of a structure embedded in an elastic mass; . 
total deflection acrossa joint; 

fa! of bis 


= angular distance to radius of stiffness, p; 


= point in a dowel where maximum movement occurs; 


Vel 


‘ 


S 


mass; Yp = deflection of a pavement acted upon by a unit load; : ee 
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GRINTER | ON DOWELS 1 IN CONCRETE PAVEMENTS 


HE GrinTER," M. Am. Soc. letter).—The paper by Mr. 
oie Friberg presents the second restatement of the general principles of dowel ‘ 
s.- design fi first presented — by the writer as one phase of the structural design 
concrete pavements.” In 1932 R. D. Bradbury,® Assoc. M. Am. Soc. C. E,, 
a ee made use of these same eiticiples to draw other conclusions as to the proper 
«size and spacing of dowels. Since the writer cannot : avoid the responsibility 


a] = of having suggested these approximate n methods of analysis to the profession, — 


7 upon the use of such approximations before persons without a Proper under- 
standing of the. problem reach unacceptable conclusions. 
Change in Dowel Practice——Mr. Friberg states that present practice is to 
place 3 3-in. or }-in. dowels of 2-ft length at from 12-in. to 20-in. centers. 
4 the writer made his study of this problem,” a ‘eommon practice was to use 
ae Fin. or §-in. dowels at from 3 ft to 5 ft centers. - Since that study showed the — 
as certain need for heavier dowels at much closer spacing, the trend in present 
practice is is decidedly gratifying; but the trend toward the use of heavier dowels oe 
- - more closely spaced must be carried further and such dowels. may need to be ee 
: o made longer than 2 ft for maximum efficiency, as will be demonstrated. This ¢ = 
; appears i in conflict with Mr. Friberg’s conclusion that dowels may be shortened x 


to less than 2 ft. Naturally, this lack of agreement is produced by different 


points of view regarding K, the foundation modulus. 
Dowel Deflection Curve.—Based | upon mathematically derived formulas that 


assume perfect, elasticity, originally published by Professor S. Timoshenko and aoe 


¢ 


0.000 | 000 | 100 | 10 | O | +410 | 410 | 
— 0.166 | 052 | 059 | O866| O05 |  +40.366 | +0.51 | +0.216 
0.500 | 157 | o21 | | 10 | 00 | 0208 
0.666 | 210 | 0.122 | -05 | 0.866 | 1.366 | —0.061 | -0.167 
0.832 | 2.62 0.074 | -0866| O05 | 1.366 | —0.063| —0.100 
1.000 | 314 | 0.043 | -1.0 00 | -10 | 0.043 | —0.043 
1.166 | 367 | 0.026 | —0.866 | —0.5 0.866 | —0.022 | 0.009 
1.333 | 420 | 0.015 (70.5 | -0.866 | —0.007 
150 | 472 | 0009 | 00 | -10 | +10 | 00 | +0 4a 
Mr. J. M. Lessels,!* the writer has made the. computations of 8. lo 
ion to Equation (1), the formulas n ae - 
Vice-Pres. and Dean, Graduate Div., Armour Inst. of “Technology, Chicago, Ii. au > fa 


Bulletin No. 39, Texas Eng. Experiment Station, pp. 53 9, 75, and 73-8. - . Bae 


Applied Blasticity,” S. Timoshenko and 4. Lessels, ‘Westinghouse 
Night School Press, pp. 183-153. 


m4 Design of the Reinforced Concrete Road Slab,” by L. E. Grinter, M. Am. Soc. C. EB. : 
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abs 


n which yp is the at. any distance, z, along the due the load 
_ P, applied at its end, and yw is the corresponding deflection due to an applied a a ' 
end moment, Mo. The constants, E and I, belong to the dowel since the sub- — a 
grade factor, K, includes,-in its complex make-up, the modulus of deflection 
_ of the sub-grade, the modulus of elasticity of the concrete slab, and the eee “f 
curves of Fig. 8 make several points ts of importance clear: If “4 
a @ neglected, the length of bar producing positive bearing pressure will be o one- 
half the length producing negative bearing | pressure; and (2) for resistance mee to 
end moment alone, the length of dowel producing positive pressure is decreased _ a 
but the length of bar to the point of zero ‘deflection, or of 


is not changed greatly. Hence, that length | of bar bavend the value 
ween of the Angle sz 


ge 


o° 240 


Fic. 8.—ComPanison 0 oF Dowst DEFLECTIONS Loap Mowext 


= 270° cannot be very. effective i in reducing bearing pressure a at the joint am 
r under the load. . Nevertheless, since dependence is being placed upon a 
theoretical analysis that actually assumes an infinite length to the bar, it would ed 
be e the better part of wisdom to design e's dowel to project a a few inch 


the po oint, 8 z = 270°, or where z = iy 


Convenient Computation of Pressure. —Since both moment 
_ load or shear are applied to the end of the dowel bar at the joint, the use of the 
length of bar up to the point, 8 z = 0.5 7, for resistance to positive bearing — j 
- Pressure (with parabolic variation: of bearing pressure) i is not conservative. ') 
fact, it is ‘definitely liberal. However, it offers a logical procedure for ‘com- 
~ puting dowel-bearing pressure that avoids the direct use of the factor, K (a 
a that ane from joint to joint and even from dowel to dowel of the 


ne joint). Fortunately, this factor is ‘under a fourth root’ radical in the 


097 
= 
— 
— 
— 
Tor which means that the required length of the dowel Dar 1s Influenced 
Tar less directly by the sub-grade modulus than is the bearing pressure. 


GRINTER ON DOWELS IN CONCRETE 
‘The Foundation M odulus, K.—Several persons have expressed an ine 
in the values of 300 000 Ib per sq in. and 1 500 000 Ib per sq in. that the writer | 
has used on occasion for t the factor, K, » in I Equation (1). This symbol denotes — 
the settlement of the dowel bar, in inches, for a vertical load of llbp per sqin. 
Sn applied to the top surface of the bar. If the dowel bar is supported on & massive 5 
= foundation, stress distribution | under the bar may be 
P Lb per Linear inch 19 ot 
Nah 
: 


Fic. 9.—POSSIBLE PRESSURE . 10.—FoUNDATION 

ay iesianiae under the bar because of the shears along the vertical sides of i. A 
“square bar and perhaps even because of a tension bond resistance at the top ie 
of the bar. _ Then the bearing. pressure decreases with the distance below the " 


in some such manner as ndivated by Fig. 9i in which it is based upon 


large values of n this rection becomes one a 


aa bar projecting from a massive block of concrete; but it does i indicate — 
= that it may be smaller than Z. For instance, if the conditions indicated by “ 

—_— 9 could be expected to hold for a depth of 5 ft below a 1-in. dowel bar set — : 
in a@ massive block of concrete, the value of K would be only 10% of &, or a 
_— 300 000 lb per sq in. The writer doubts whether there would be e 
_ reduction of this amount but there is another factor to be considered. The 
tendency, both in practice and in Mr. Friberg’s recommendations, is to stress 
; the concrete rather high in bearing under the bar. For stresses above common a © 
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—  -WOTKING stresses the MOaulus OF Clasticlty O concrete 1tse. Ill be 
and plastic deformation will take place to some degree. This may resulting 
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GRINTER ON DOWELS IN CONCRETE PAVEMENTS 


a action illustrated by Fig. 9. is also considered. Such a low vahity meron 
may be the one to use when dowel-bar misalignment in th horizontal. 
op plane i is studied. Tests are needed to verify this s possibility. cn while aM 
‘Finally, there is the fact that the actual condition to be studied for the “_ 
_ of vertical load transfer by a dowel bari is one for which the dowel is supported | 
ne by a thin slab which, in turn, rests upon a sub-grade that is expected to re-act ad 
Ps nearly elastically for low loads. As shown by Fig. 10, there is not only a 
ar compressive deformation in the concrete under the dowel, but the slab actually 
= curves and sinks into the foundation mat. ~All these factors tend to increase — 
the deflection by a large measure and, of course, they reduce the factor, K. 
cy _ Assume, for example, that there are 3 in. of concrete below 1 the dowel of 
« Fig. 10. Then, at the soil level, the load might be spread over a width of . 
 2n+3=9in. A width of 10 in., however, would still give only 210 ; 
ny to 1 ratio of the modulus K to the sub-grade modulus itself; for 100 in. ame > 
33 ratio would be 100 to 1. This is far from a satisfactory analysis but it may a 
oh, be somewhat indicative. For a sub-grade modulus of 300 Ib per sq in. per in. 
sd of settlement (a rather firm material) the correspondingly indicated range of _ 
: values of K would be from 3 000 to 30000 lb per sq in. Perhaps the actual _ 4 
value of the foundation modulus is not this low, but nevertheless ——. | 4 
Incidentally, this was the weakness in the theory that the writer had in > eT 2 
mind in 1931 when he specified 4-ft dowels." His computations on bearing 


Ac, _ Pawar were made for K = 300 000 Ib per sq in., which was regarded as the 2: 


slab or block of concrete. ‘For a thin slab on a soil foundation the modulus, 
_K, was recognized to be ‘subject to a probable serious reduction, end the — 
minimum possible value of perhaps only 3 000 to 30 000 lb per sq in. dictated 
the specification for 4-ft dowels that was made. In a later publication, in 
_ which stresses from misalignment i in the horizontal plane were being reported, } 
2 a value of K of 1 500 000 lb per sq in. was chosen since the purpose was to ot aw 
ae set limits on the possible disastrous effect of misalignment rather than to study ae 


average conditions, Of course, this value was used only for the study of mis- til 
alignment in the horizontal plane where the soil modulus is not a factor . All 
this should point out the very indefinite information available regarding the. 
- foundation modulus, K, and the need that it , should be studied in a scientific 
Manner. The writer believes that this modulus may show a maximum vari- 
ation of a hundred-fold. Only tests can answer this question, be 
Warping Produces Severe Dowel Stresses. —A kind of dowel 
‘Stress that has been given a minimum of consideration by the author, and by 
all other writers, is the bending produced by longitudinal warping of the 
pavement. _ The sub-grade modulus varies from section to section, and tem- 
‘ perature variation through the slab is not uniform. The result is that no two } 
undoweled | slabs ; would ever warp in identically the same manner. ‘Honea, 
"3 there are differences of elevation between the two slabs at the joint that must 


be equalized by the dowels. The writer, has NO but that this 
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Pre 


in elevation would amount to } in. in considerable nel joints 


om 2 in., or more, for for exceptional cases of non- -uniformity. 1 To produce a settle. 
Ee of de i in. over an average slab width of only 1 ft near the joint ; where the 4 
_sub-grade modulus is 200 (average material) would require a dowel force of — 
A “a vse X 200 X 144 = 1 800 lb per lin ft of joint. (It is assumed that each ~~ | 
ill be displaced in. for a 4-in. differential settlement.) | ‘The value of dein. 
chosen i is about equal to the upward curling deflection of the slab for a tem- a 
perature va variation of 25° F. Itis important to recall that W. K. Hatt,“ M. Am. es 
C. E., measured an in upward corner deflection of a pavement slab of in. a 
= from moisture change only. Hence, it seems reasonable to expect at least 
in. of differential settlement between adjacent undoweled slabs where lateral 
curling and longitudinal warping produced by a ‘combination of temperature 
moisture changes may readily combine sub-grade 
The writer’s crude estimate of the dowel shear per linear of joint as 
a force necessary to produce a settlement of #; in. over a slab area 1 itt 
square can be refined rather easily by taking into account the elastic curve of et 
the slab. Thus, the slab of 20-ft width and 6-in. . depth m may be considered to baka 
be supported on an elastic foundation and loaded at the edge with a series of a 
vertical loads which are the dowel shears from longitudinal warping. Let 


200 Ib per sq in. per in. of settlement; then, by Equation (1): fs, 


= *0.031. 

The length « of slab to the second point of zero o deflection is defined by Bz = 270° 


= 157 i in. For oF an ¢ end deflection of of 
baa. P- Mo _ ok ?p os. apsidve ad at Le 


3000 000 x x 12 xX = 2400 Ib; which Pi is the dowel load per 
linear foot of joint. This value indicates that the dowel shear is approxi- 

the load necessary to produce a settlement of in. over a slab area, 
ft wide by 1 ft 4 in. long, for the particular case studied. 


Severe Combinations of Dowel Stress—In order to evaluate ‘the author’ ‘ 


nations. This study will include: (1) A load transfer of 50% of the author's 
- 4000-lb rear wheel load (which is a smaller load than is permitted in many 
; _ States); (2) longitudinal warping producing a differential settlement of } in. Be 
between adjacent undoweled slabs; and (3) misalignment of in. per ft, or in. 
eS for a standard length dowel. Calculations will be made for three K- values: E 
= ae value of 300 000 Ib per sq in. as an upper limit with a soft sub-grade; an 
a: intermediate value of 30 000 lb per sq in.; and a minimum K-value of 3 000 Ib Z 
: @ per sq in. Dowels are 3 in. at 12-in. spacing. For K = 300 000, Equation (1) 3 . 
= = 0.59. The required length of dowel would be 2 (1.5 X + 0. 59 


= 16 in. For Re 30 000, 8 = 0.33. The corresponding length of dowel 


“The Effect of Moisture on w. K. Hatt, , Public March, 


| = it is necessary to determine the possible severity of load —_ a ; 
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ON DOWELS IN CONCRETE PAVEMENTS 
would be 2(1.5 X + 0. 33 = 29 in. Finally, for K = 3000, = 0. 187. 
The dowel length then would be 2 (1.5 X + 0.187 = 50 in. ‘Thus, there is 
oe 7 the possibility of 4-ft dowels being required, but as a more probable case which ks or. 
Bs is close to present-day practice a study will be made of a dowel of 30-in. length. 7 4 is 


i The minimum possible bearing stress sfor a a 3-in. dowel, 30 in. long, will occur — a ; 3 
when positive pressure exists over one-third the length of 10in. For parabolic mee oa 
e variation. of pressure and a load transfer of 2000 lb, the bearing stress “ae e 


800 Ib per sq in The corresponding bearing stres stress for longi- 
warping would be 960 Ib in. To this t total of 1 760 

4 big ‘Ib per sq i in., ., which is s already : as high « as any one is willing to recommend, t must a . 

be added according to the author’s estimate another 2000 Ib per sq in. for 


ir. , & total of 3 760 Ib per sq in. even with 30-in. dowels. Satis- 
factory functioning of much shorter dowels during the full life of the pavement 
isobviously questionable, 


Conclusion. —The author has presented an interesting study of an old 
problem. The problem has received less consideration than it deserves because 


ion joints, once placed, are not open to inspection until the road is torn a a 


up. Failure of road-slabs at other places than the expansion joints have been so 7 


a frequent that dowel failures have received scant study and little comment. 
Nevertheless, the crudest possible calculations show rather conclusively 
4 short dow els, widely spaced, are of little value for load transfer and that they L 
3 subject the concrete to high bearing stresses which reduce, rather early in the a on 
life of the e pavement, whatever initial effectiveness the dowels may have had. in : 
The author’s conclusions are reasonable except in regard to the lengths of 
dowels, His interpretation of the significance of the factor, K, which must 
: Pe ‘combine in its make-up the sub-grade modulus, the modulus of elasticity of the Ran a 


4 -eonerete, and the slab stiffness as measured by its thickness led him to overvalue Se ap x a 


the ‘significance of his calculations in regard to dowel | length. 4 No one ae “i a 
guarantee that the value of K for vertical loading may not be v very ‘much 4 
i than the value of 300 000 used by the writer in his first studies of this problem, — 
a - whereas the author’s conclusions are based upon a value of 1000 000 for K. 
The result of using a low foundation modulus in the author’s calculations might me re 

a be to revise his conclusions that 24-in. dowels may t be shortened to 12 in. and ‘ts 
to the conclusion that standard 24-in. dowels” should lengthened 
instead. No one can answer this criticism adequate tes tests have 
to set limits upon the foundation modulus, K. bins 
_ During the interim the only reasonable coauainel in analysis i is to study reach a 
By Daten feature for the corresponding critical value of the sub-grade modulus. Pe 
bx. Thus, bearing pressure, which controls the diameter and spa spacing of dowels, 4 
~ "must be studied for a relatively high value of the foundation modulus. The 
dowel length, on the other hand, will be controlled by a relatively low value of a 4 


foundation modulus. Even when tests have established ‘the unknown 
‘telationships involved, it will still be proper to follow this procedure because the 
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oO. Fremont, M. Soc. C. E. (by letter).—Under “Present 
Bir Practice” the author states that the “exact mathematical solu- 


‘aati characteristics (see Fig. 11). is assumed that each individual column 


must lengthen or shorten uniformly and independently, without affecting any 
q of the other columns. This assumption implies that at the upper ends o 
— columns are connected with the neutral plane of the bar by means of hinges. — 
At the lower ends they are fixed. to the absolutely rigid s support. | oe 


the bar i is assumed to rest on an brush with an rigid 


per unit a area; = the sum of the 1 forces i sin 
a columns, referred to a unit area; - and, k= = modulus of the elastic foundation. — ae 


and, if N = 


4.5 X 108 Ib per sqin. and L =4.5in., k= 108Ibin 
‘The theory based on the foregoing assumptions is also referred to as the’ 
va elementary theory of beams on elastic foundation. In adapting it to his 
= problem, Mr. Friberg makes a number of assumptions, which the writer 


a) 
— 

— 
— 
presented by Professor Timoshenko Mr. Lessels. This “exact 
mathematical” theory is nothing more than a very approximate first tentative = 
approach to the analysis of the actual behavior of a straight elastic bar of 

on an elastic foundation. It is simulated roughly by the 
— ar continuously connected to an utely rigid suppo uniformly 
game bg ontinuo 
— jut 
4 
4 
ms 
| 
it 
a : friction acts between pe 
the bristles; that they do not bend; that they are of very small 
and, that they are spaced close to one another. Let L = the constant length 
of each column; 4» = the cross-section area; F = the modulus ofjelastidiy; ™ 
_F. = the force in column the 9 pes lenothening or shortening: = ie 
‘ere 
| if sta 
int 
il the 
— 
— 
— 
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Assumplion 1.—The paper is predicated on the principle that the ite 
a surrounding the dowel behaves as is assumed in the elementary theory of of beams: a 
ie on elastic foundations. _ Conditions similar to this ideal exist only i in e: excep- re 
jonal cases, if at all, in engineering practice. Nevertheless, the theory based ee 


on the foregoing assumption yields satisfactory approximations in some cases. ar 


to the dowel; ; and one can easily will happen 
= the concrete surrounding the dowel, especially near the ends, is suddenly a 
released from all the shear forces between the plates. 


‘holds. ‘Shear tests on doweled concrete block specimens invariably leave ? 
ma permanent deformations. The first run of the test below the “‘critical point’”* < 
may produce shear-deflection curve that is: almost a straight line passing» 

d _ through the zero point for the total, elastic, and permanent deflections . The — 
H second run shows a considerable deviation from the straight line especially if ~~ 
the residual deformation of of the | first run is considered. - There are plastic 
. deformations that are not considered by | the e elementary theory. If the dowel a ; 
} “ a is painted or greased the greater compressibility of the film of paint or grease 


the of the considerably, if the ‘paint i is 


pavement ‘slabs, a very ‘rough. approach to the actual is 


and one must be prepared for surprising results when derivations on the basis" 

of this theory are compared with actual observations of construction work or 
test specimens. ail pr pe d Teas x 74, “OL "OL. 
Pa Values of dowel shears in concrete blocks, at the point of failure, computed — - 


_ on the basis of the elementary theory, varied between 4000 and i4 000 lb 
a (350%) in one set of tests. In the case of dowels of circular ¢ -eross- -section 5 ‘ 
£4 there is a further complication as the distribution of pressures upon the con- 
crete may be different from the one in the case of f rectangular prismatic bars. 7 
Assumption: —Under “Application ‘Design Formulas” Mr. Friberg 


ae states: “ 


ae concrete pavement. ss is an acceptable approximation, then, to presume chat 


_ introduction of the elementary theory discussed herein under “Assumption 1, ” 


the writer has. made the followi ing observations: OF bas ,) 


Load at the ay 
crete, in persquare 


“Joint 
Length of Jol 


H. M. Proceedings, Eighth ‘Meeting, 
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‘oe Testing Experiments with a Theory of Load Transfer Distribution Along the = ‘te Reece's 
ee nts,” by J. W. Kushing and W. O. Fremont, Proceedings, Fifteenth Annual es Re a 


Joint opening, in inches. . 


= 


From the foregoing, the maximum pressure on the concrete, as by 


X 10 + X 10 +a, X 10° = =2 867 lb per sq in. 
_ Of this pressure, 150 Ib per sq in. (that is, 5.25% of the total pressure) is - 
4 due to the moment M. = ste in- Ib. if the misalignment is uniformly 0.5 "ort 


direction and symmetric ¥ with 


4 when the ‘opening was decreased to 0. 25 in. by expansion. this ease, 


M,; = = 6670 x 0. 125 — 525 = 308 in- rib; ; and, Ta X 160 +45 
x 10° = 100 SIS bss 1915 = 530 I 


3. third in the paper. that 
foundation modulus of the concrete is assumed to be = Ib per cu 
Assumption 4 -—Under “Design Formulas for Ordinary Case,” the 
al author states: “Under r most. conditions | the bearing stress on the 
concrete is the critical one.” 
Tests by the writer indicate that the beneath the dowel is subject 


to. strains corresponding to very high compression stresses. - ‘According to 


_ mathematical theory of elasticity these stresses must decrease i in the direction — 


the 
Ift 
tion 
Moment (see Fig. 12), in inch-pounds, atthe: 
an 
ig 
x. 
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‘ 


way f ‘from the dowel, the or plastic 
‘the concrete is limited toa region in the immediate vicinity of the dowel. r 


It has not been demonstrated that the plastic deft ormation | around 


impairs the load transfer and therefore | increases the extreme 
eee 5 in he slabs and decreases the ‘strength of the structure indirectly. 
Therefore, as long as the fiber stresses are under control the pressure of the — 
dowel « on the concrete, with any ere plastic | deformation, should not be 
Assumption 6, —In the sentence preceding ‘ be ‘Dowel Deflection Across a 
Joint” Mr. Friberg states that, under the - conditions cited, the dowels could 
be made as much as 25% shorter w without appreciably affecting | the maximum a 
stresses in and around the dowels. If the plastic deformation is taken into — a 
consideration, as well as the effects of paint and grease, , the points of stress — ee x 
reve reversal may be found to have moved deeper into the concrete. | Furthermore, ta 
the use of caps reduces the effective length of the dowels. Therefore, it is — 
to carefully, all the factors: affecting the length of the 


‘ 


Assumption 6.—In the sentence preceding “Effects of Dowel Spacing on ; 


‘Stress Relief”’ appears s the statement: : “Therefore, the effect of pavement slope | 
upon dowel deflection across joints may be neglected safely.” o Consider two = 
semi-infinite, abutting, beams on an elastic foundation, connected by a dowel 


with a load P, at the edge of one of them, as shown i in Fig. 1 Ohne its sabe 
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FREMONT ON IN CONCRETE PAVEM! 


On the ‘the static and states of dowel i in & 
_ may be defined by the angular displacements ap and az, of the abutting ; slabs 
at the faces of the joint and their relative vertical deflection A,, independently _ 


a of the vertical forces and moments acting on the slabs. Then the bending = 


moment at the center of the dowel will be: a a 
a) 

the shear forces in the dowel will User 


¥ = which d’ is ‘the diameter of the dowel; k, is the foundation modulus of con- : 


crete; and, k is the foundation modulus of subgrade. 
Equations (26) and (27) w were developed on the basis of the elementary 
thor of beams on an elastic foundation, for the slabs and for the dowels. sie: * 

4 The moment M, does not depend on the relative deflection A,, but depends es 

only on the displacements ar and a7 ar— namely, their su cum, towhichitis 

If ar+az, = 0, M. = 0, and vice versa. If W (ar, —ar) 

is small as with 2 A, then T depends practically only on A, and is. 


The angular displacements ar, and the 1 relative deflection were 
computed for the case of two abutting beams 7 in. by 12 in., , connected by a 
3-in. dowel having a joint opening of 1 in. and loaded at one odes by P, = cA 000 
“Lb, on a subgrade for which k = 250 Ib per cuin. and k, = 10*lb percuin. By — 
"Equation (26) it was found that A, = (10.47 — 6.96) 107 = 3.48 X 107i in. & 
187 X 10- *; and, = 274 X 10-8. Substituting these values i 
Equation (27), T = 384 4.8 = 379.2 Ib. 


abe _ The quantity 4.8 is that part of 7’ due to the angular displacements ar and x 


Assumption 7.—From the Rule stated by the author under “Effects 


and the of joint opening. reasoning in the 


considered. For | such an n element the shears ‘Teferred to. will not be zero on 
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te 


Fe or stiff, or r rigid, joint t units 50 % of the load will be! % 


y one unit at the point of application of the load. For very elastic (say 2 x 
ubber units) the load transfer curve will approach the elastic curve of the loaded at a | ha 
_ glab. In the latter case no load transfer will occur, and almost the entire load ies P 
will be supported by the loaded slab alone.!* In the case of dowels in concrete d es. 
slabs the engineer will be unable even to approach a condition of absolute 


rigidity i in joint The characteristic condition, rather, would tend 


e - Assumption 7 calls for a triangular load distribution. _ In the case of rigid 


©. distance equal to more than + X 1 on both sides of the load; at r X I the — 
tions are still greater than 10% of those under the 
‘Field tests on doweled | pavements (8-in. slabs, 11 ft wide, loaded on the 
ale at the center of the | pavement, with a 9 000-lb load, 13 dowels of 3-in. 
diameter, spaced 12 in.) produced edge-deflection curves for the loaded od 
unloaded edges extending the entire width of of the pavement which did nd 
intersect at any point. relative deflections of the two slabs at the 
edges were still 11% and 15. 6% of those under the load. 


 =33in. This shows that dowels beyond the 1.8 may still have 
ca. noticeable influence upon the bending moment under the load and ‘the 
corresponding extreme fiber stresses. load transfer distribution depends» 
a a great extent on the rigidity « of the joint construction. tor 
Assumption 8.—Equation (16) is presented as the expression for defining 
the shear on a dowel directly under the lo load. When so defined, is considered 
ch to be « quite independent ‘of the dowel : spacing and the action of all the other “4 Ee 
dowels i in the joint except the one directly under the load. Consider a pave- 
ment, construction consisting of two abutting slabs, d by joint 


e: on an elastic foundation, with one dowel directly \ under the load W in Fig 15. 


(Ww th T.) = 2Ar (Me —1 M,) Ya + mets ag! Toy 


Substituting Equation (29) ‘er 

Yp — 2 Ar+ + [Me M,) T, + + air T> on 


"am, (2 Joint Testing Experiments with a Theory of Load Transfer Distribution Along the e aay 
4 Length of Joints,” by J. W. Kushing and W. O. Fremont, Proceedings, Fifteenth Annual 
Meeting, Highway Research Board, December, 1935, p. 154. = 
. *“ Computation of Stresses in Concrete Roads,” by H. M. Westergaard, ‘Proceedings, 
Fifth Annual Meeting, Highway "December 1925, Fig.9. 
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ON DOWELS IN PANGS 


Ignoring the i ir fluence of the bending moments: w Bide Fass and 
ag ad) tools has 


Yp is th deflection produ 


ay 


a 


that the doubled ratio cannot be neglec ed in Equation (31 (31) 


_ introducing considerable error. od) sot ad 
Consider a 7-in. slab with 3-in. dowels. The foundation is elastic, witha 
foundation modulus of 250 Ib per cu in.; the joint is open 1 in.; five dowels are 
‘spaced | 12 in. apart; and, aload of W = 9 000 lb is concentrated over the center e 
33 By a a method similer to the ‘one proposed by Dean W estergaard!’ and 
the introduction of the elementary theory described herein under Assumption LL Le 
the: writer has determined the following values: 7’) = 920 lb; T, = 673 lb; 
T: = 480 lb; Ar =4. 086 X 10-* X 673 + 330 X 10-* X 480 = 4.34 X 107; , os 
4 = x 10-* x 9 000 = 21. 18 X 107°; and (according t the 


which i is not from the value 920 lb by 


Miter prev iously. Equation (16) of tl the paper yields: 


pas 
— 
— 

be 

x 
O’ produced by the shears 7), T2, alone; 

bd 
“4 = 
= 


Al 
increase of 70%. Mr. F riberg’s distribution, as affected by . anions %;; 
33a) 


Ts 


k 


‘in which m m+1> m; and, mis aninteger. Substituting Equation (34) 


in which values of A, are read from curves presented by Dean Westergaard.” 
_ Inthe case of the present numerical example, the conditions stated for Equation — 
(34) are satisfied when! = 26.8 in. and sash = phy Ao = 2.35 X 10-§ = yp; 
= 2.043 X 10°; Az = 1.650 X 10°; Ay = = 1. 300 x 10-*; As = = 0. 935 X x 10%; 


000 


8, as by Equation (16), should be revised to to Sees 


in which sw is the component of stress due to W; is the due to 
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represents the amount of total stress relief » expressed in in the partial relief, — 
by the dowel directly under the load as a unit. 
Then, the total stress relief at Point O, expressed in terms of the stress sy, or 
eotresponding to the state in which there is no relict (free ledge) as a ‘unit, 


mt2er_ 


Since sy = To: 


daied for the case in which Load W is : placed between two dowels. _ 


‘ 

To one mast know Te , Equation | (388), i in which To is hei shear 
in the | dowel directly under the load, with all th the other dowels acting according Min 

to Assumption 7 and not as sssumed by Mr. Friberg in the derivation of poe 

: Equation (16). For 75 Mr. Friberg takes the shear in the dowel directly under 


4 


a. 


the load, on the assumption that the other dowels are inactive. _ Therefore, Ty : 
in Equation (386) must be determined according to Equation (35). Equation 
(38c) can be computed conveniently by means of graphs, ts 
a. In introducing Table 3 the author states that the unit moments were taken 
ata presented by Dean  Westergaard’; and, again, in discussing 
F 4 Fig. 6, he states that the curves were computed i in accordance with methods a3 
Bei: 4 established by Dean Westergaard. The values of yp may also be obtainedfrom 
Dean Westergaard’s diagrams. Would it not be more logical to use these _ 
diagrams throughout the entire analysis, and then compare the theoretical — 
results with experimental rather than mix with ex- 


ease sf 


hea) 


Py By the same method (with a 7-in. pavement and five dowels spaced at 12 in. e 3 
"the center dowel being misaligned 1 in. per ft of dowel; the original opening wasl 
in. oer the final was zero), the writer has found: 7») = 10 740 lb; 7; = — 3380 


= —2 025 lb. The fiber stresses in the slab 
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ifte percentages Of Uransier given DIC 4, pu Values 
ji a Ss stress relief in Table 5, and all conclusions drawn on the basis of these tables, — 
to be adjusted to Equations (35), (386), and (38c). 
Assumption 9.—The effect of vertical dowel misalignment is determined 
_ Equation (18) on the assumption of uniform alternate misalignment. Under 
a a ‘such conditions the maximum fiber stresses in the slab are affected very little. ‘g 
ideal conditions of misalignment will occur seldom in actual pavements. _ 
— 
= 


FRIBERG ON DOWELS CONCRETE PAVEMENTS 


Lon ~ 321. 4 lb per sq in. _ For smaller misalignments t this stress will be a “5 — 
-_ portionately smaller, being zero for zero misalignment and — 80.4 lb per sq in. = _ 
fi iin. misalignment. The actual misalignment stresses will be smaller ving 
fice the relief afforded by plastic | deformation and by the paint or grease | effect, ae aa 
which must also be taken into consideration. to ond — 

~ be The pressure between dowel and concrete is not critical as long as the fiber Leas 

The Nature of Assumptions. .—In making assumptions for the simplification 

4 problems in applied mechanics it is important to know the kind and amount — 

of their effect upon the result. Another ‘Suggestion is to vary the assumed 
By values so that, by definite variations, a successively closer and closer approach ~ ; 


| 


“the the linens: or Hooke’ 8, law instead of some law). Psi 
affecting the general make-up of the system, without any sacrifice 
in the exactness of fundamental | laws or the characteristics of f the materials, — os 
- ines afford a much clearer and easier appraisal of the errors involved by u using 
re the approximate solution instead of the exact one. + _ For instance, in the case = 
of a doweled. pavement slab construction on an elastic foundation the problem 
os be simplified by considering only one dowel under the load. It is clear, | ia os 
then, that by introducing three dowels instead of one, the designer approaches ‘ ae , 
closer to the exact solution. _ With any one of such : assumptions (1 or 3 or 5, a 
dowels) he has the advantage of knowing “where he stands’’; the road to closer 


10n 
analysis introduced by Dean Westergaard, supplemented | and extended either 


by the introduction of the elementary theory of beams on elastic foundation - 
_ (described herein as Assumption 1) and the consideration of plastic deformation — 
iy the effect of grease or paint, or by the use of experimental ¢ curves obtained © 
in the laboratory with specimens of actual joint units, is the basic method. bi 
: On the basis of the data so obtained convenient graphs can be prepared for 
4 Any other methods may be used within definite limits, for definite Le 
- constructions, if their agreement with the basic method has been established kins 
; within these limits. ‘This i is especially important for the analysis of new types — 
 Baner F. Frrpere,” Assoc. M. Soc. C. E. (by letter)—The purpose 
a the paper was to present the rules governing the behavior of an elastic 
_ structure in a yielding mass in such form that their application to steel dowels, ee 
encased in concrete and crossing transverse joints in concrete pavements, 
would be convenient to the designing engineer. To cover 
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ae Credit for first having indicated the ssitiatien of bent bars i in me 
foundation to the design of single dowels in concrete pavement joints n may be 
claimed by Dean Grinter.? ‘The general solution by Messrs. Timoshenko 
= Lessels‘ represents the actual conditions around a dowel closer than most other 
applications; it has been used od advantageously i in the f far less exact of 


in the paper n may ‘be upon as the actual 
enough for present-day designs: 


‘@ Hooke’ S law for bearing | pressure as proportionate to. deflection at any 


eit 


pan along | a dowel may be applied when contact between the dowel and the } 


a (b) - Flexible steel dowels of round bars may be assumed to act as hinges 
between the two slabs with a point of contra-flexure at the center of the joint; 

(c) Critically high bearing stresses, although sufficient to cause 


; ” ‘deformation or failure in the concrete around the dowel, need not be considered — bp 


_ (d) The dowel length in ‘contact with the concrete need not be greater than 
ry the second stress- change point on each side of the joint; “ttiibeliapscrs re 2S 


(e) Pavement slope a at the joint can be neglected in computing the deflection : 


a dowel across the joint;and 


“ON ‘Misalignment stresses around the dowels, although critical for 
es concrete around the dowels, need not be considered critical for the pavement — 


fiber stresses, especially as the largest tension load stresses in the bottom of s 


‘the pavement edge cannot be added to the largest misalignment stresses. — 


a The largest. misalignment stresses at the dowels occur when adjacent dowels fe 


are misaligned in opposite direction. . The largest edge stresses may occur aig 


two or more dowels deviate in thesame direction, = 


The modulus of support of the dowel in the concrete, or, as it will be called, 


= “the modulus of dowel reaction K,” has been given a value of 1000 000 Ib 


- : per cu in., which is thought to be reasonable for concrete pavements. ‘Dean 


“a Grinter bas suggested possible K-values i in the field as low as from 3000 to — 


Wa 30 000 Ib per cu in. ee Such a suggestion i is based on the gy mse that the ood 


—— concrete. | The sub-grade influences the modulus of dowel reaction only to 3 
a a the extent that it permits local deformation of the concrete directly below the 
a tend ‘and introduces curvature of the pavement slab. The modulus of dowel 


— the dowel i in the concrete hind not change with deflection of the body of the 
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os 
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j auons OF the soluvion. 

las for dowel design, a number of assumptions — 
developing the formulas iated 
h umerated, checked, and substantiated several 
i 
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4 
— 
ae 
— 
— 

0 
4 
2 


ere 


tion, therefore, is relatively of the material beneath 


—eonerete. | Considering the clear relationship between modulus of elasticity of — 
the concrete and the modulus of dowel reaction and customary pavement __ 
ae dimensions, the value of K for reasonable pressures would rarely be less” than sek: ee 
5% of the modult us of elasticity. tak 

‘ad presuming that such a length equals the distance to the second stress- — 

_ ange point, only because such a choice avoids the direct use se of the factor K. s 


deflection, stress is illustrated i in Fie. 16 for a 1-in. open joint, 
_ for dowel sizes from j in. to 1} in. round, deformed. It is evident that = 
deflection of the dowd for K-values less than 500 000 Ib per cu in. quickly — 
= so great that the dowels would be considered useless for their b basic ee 
function of load transfer and would not pe used. ¥ Fortunately, K would 


Inordinately high values of would likely result in plastic deformation 


in the concrete due to the increased bearing stresses. if High K-values (which 


are probably far more common in occurrence) would then be balanced auto- ‘ 

matically by the increased deflection and decreased load transfer 
a dowel of resulting longer free length. The actual bearing stress at ‘the 
pre of the dowel encased in concrete may be greater than the bearing 
: 4 naps distributed Across the diameter of the « dowel by: as much : as 8 257% (see 


The estimate of differential warping stresses, by Dean Grinter, ‘i a 
& resultant dowel shear of the order of 2 400 lb, does not take into” account 


be force on one of the slabs, resisted only by the weight of the concrete. — Dowd 4 


Be shears considerably less than 1 000 lb for the conditions cited would then mn 

likely to occur. Warping due to moisture differentials would probably raise 
ae the two sides of the joint alike. - Curling due to temperature differential — 


ee of the joint. W arping, therefore, 2, scarcely n needs to be considered in the design 
‘of dowels. A serious difference in level between adjacent slabs i Is more 
ae likely, to the loss of sub- grade support under one of the slabs. 

ae - shears of amount « equal to, or exceeding, the dowel shears computed for o 


pavement’ 8 to bending stresses. 

effect of dowel spacing upon load transfer relief w was 
an in the paper with three assumptions to obtain a simple, fairly representative — 
ss Picture, not too tedious for use in actual design n. The three assumptions were: 


me) Thp me diagram under a dowel load i is similar | to th that under the - 
al 


is 


a 
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(2) The influence of dowel shear upon pavement stress decreases 
Re }__‘increasing distance from the wheel load to zero at a distance of 1.8 I; and — 
@ Adowel direetiy under the wheel oad remains fully elective. 
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"FRIBERG oN DOWELS IN CONCRETE ‘PAVEMENTS: 
Mr. has quite correctly, that with a number of di 
bs crossing a joint the shear on the dowels nearest the wheel load is decreased. a 
c This should relieve high pressures around the dowels, but would also decrease _ 
of the stress s relief furnished by the dowels. is Equation (16) is correct for one | 
dowel only. However, even temporary lack of sub-grade support or voids 
~ ground the dowels would immediately i increase the load on the > dowels nearest ; 
fe the wheel load. It seems wise to suggest that Equation (16) should be used e: Pe : 
% pe for dimensioning of the individual dowel when spaced 12 in. or more apart 
i ‘under ‘single tire loads. For th 1c the influence of dowels with 
- gufficient clearance to be free to move, and s some distance away from the wheel 
ig load where the pavement deflection i | is correspondingly smaller, would b be too i. 
small to justify computation of their effect 1 upon pavement stress.. 
‘The dowel shears computed by Mr. Fremont for a 7-in. a sub- 
gra 
in. center to center are ighown | in Also” ‘are the moment 
diagram and the deflection diagram for a single load at the edge. The deflec- 
tion diagram approximates closely a straight line with zero at a distance of _ 


0 l from the load point, a condition typical for in 


dimi 

mum at a distance of about 1.8 / from the load point. Values of distributed _ 

dowel shear, based on the straight-line deflection diagram, and on the assump- — * 

ten of linear decrease in dowel loads to zero at a distance of 1.81, have been 
eomputed by the method described by Dean Westergaard,’ adjusted to include 

dow deflection. These values, plotted for the load over one, and between x 


dowels, approach near to those computed Mr. Fremont without 


Be a “hen 1.81 distant should be neglected even if the negative moment, maximum a 
t at that point, did not suggest that expedient. Therefore, computed values of — 

dowel shear could be used for individual dowel dimensioning under conditions — 

te: reliable sub-grade support and accurate construction, especially for dowels 
on close spacing. _ The relative edge-stress relief for all dowels at variable 
dowel spacing, shown i in Fig. 5, approximates very closely the actual conditions, ¥ 
- expressing as it does the influence of sp spacing alone. The elastic characteristics — 

of the joint and the joint opening are reflected in the basic value of shear 
established for a dowel directly under the load. 

With: the dowel shear distribution computed by Mr. Fremont, the edge-— 

a stress relief would be approximately 60% of that obtained under assumption : 
of full effectivity of the dowel directly vu under the load. The actual = AK: 
relief is believed to be considerably higher than that computed from distributed _ 

Ca dowel shears. _ The pavement stress under the load i is a function of sub- perade i 

pressure w which, in turn, is function of pavement deflection. Dowels 

2 considerable distance from the load point will be effective in decreasing the o is 5 > 

4 deflection, : and ‘therefore in affecting the distribution of sub-grade p pressure a 
‘Rear the load Point, although their effect ‘upon stress relief as gaged from the 
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which the mathematical of a conerete ‘pavement ‘must still be based, 
«it is scarcely recommended that tedious refinements be established for the 


detail of dowel ‘The data give full ull recognition to to the necessity of 
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‘Higher stress relief anticipated also, due to the true position of 
_ dowel reaction at the edge, whereas the maximum edge stress under a wheel at 4 
crossing a doweled joint occurs while the center of the contact area is some ee 
_ distance from the edge. The greater a a concentration of effective | dowel shears ~ 
a near the load point is assumed, the greater would be the computed shears on ei. 
the dowels nearest the load point, and therefore, also, the computed | stress 
relief. How closely the assumption of full effectivity of a dowel directly under 4 a 
- the load will be e approached with the dowel spacings that are now common 2 a 
remains to be established. For 18-in. dowel spacing the ‘assumption a, agrees 
: well with observed conditions. For critical comparison of various types of 
load transfer on different the relative, and not the absolute, value 
en observed s stress relief for the 6-in. pavement in Table 5 corresponded os 
to a basic stress relief of 22. 8% for one dowel directly under the load. . ae 
obtain this value with a computed dowel-shear distribution as presented in Se 
«Fig. 17 would necessitate a dowel deflection across the joint of only 0.001 in. 
per 1000 lb dowel shear, which is less tha n that obtainable with any possible — err 
_ modulus of dowel reaction for a #-in. dowel. The observed stress relief 4 
accordingly offers further evidence that the dowels nearest the load aret more 
effective than the distributed dowel shears would indicate. tal mba 
4 _ Thanks to the discussion, the value of the paper as an indication of condi- iets 
tions necessary to consider in the design of dowels across transverse joints in &. 


“relief may be substantiated theoretically. bhai 


‘bot 


: 
— 
— 
= 
— 
W 
he 
— 
— a 
q 
a 
throw added light upon the actual deflection distribution and moments 
— 
— 
| 
— 
— 
— 


SOCIETY‘ F CIVIL ENGINEERS 


TRANSACTIONS 


_ STRESS DISTRIBUTION “AROUND -A TUNNEL 
By RAYMOND D. MINDLIN,’ Assoc. AM. Soc. 


Discussion BY Messrs. W.O. Jacos J.H 


Se The problem of the disturbance of stress around a tunnel is treated in this - 


paper from the point of view of the theory of elasticity. — The tunnel is con = 


ond 
- sidered to be a horizontal cylindrical hole of circular cross-section situated i in Ye 


8 semi-infinite elastic solid under the action of gravity. Through the intro- oc “i 
| duction ¢ of the bipolar co-ordinate system an exact solution of the classical 7 i: 


elasticity equations is obtained which satisfies the boundary conditions at both — 


the upper free surface of the solid and the free surface of the hole. nee wh. ¥: 


for the stresses are given in terms of infinite series. ~The series 
have been evaluated and the results are given in the form of tables and curves 2 
mich show that the stresses are important when the hole is either very close - 


ith ‘the stu udy ad the ‘equilibrium of elastic solids, problems are often endoun: 


ot in which the shape of the structure and the distribution of the loading : 
are sO irregular that the ordinary methods of mechanics and strength of m: mate- pi es 

‘tials are not adequate to cope with the situation. The analysis of the dis- = 
turbance of stress around tunnel presents just these difficulties. _ This 
ow is concerned with an elastic solid of large dimensions, pierced by a : 

hole (the tunnel) and bounded by an unloaded upper surface (Fig. 1). hn ll 

this mass is pierced by the tunnel, it is in a condition of elastic equilibrium. . 
$ The p problem considered here is that of the disturbance of this original condition er 
of stress created when the mass is pierced by the tunnel. 
The methods of the theory of elasticity have | been adapted previously to _ 
ttudies of the tunnel problem.? The most nearly complete discussions were 
Nors.—Published in April, 1939, Proceedings, 


 ‘'Instr., Dept. of Civ. Eng., Columbia Univ., New York, N.Y. 


b Since this paper was submitted Prof. Z. Anzo has called the author’ 8 attention to a paper “On the 
Stresses in a Gravitating Elastic na Having a Circular Hole near Its Horizontal Surface,” by Z. Anso = 
(in Japanese), Technology Reports of the Kyushu — eemannees Vol. XII, No. 3, Jena, 1937. 
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STRESS 
gi ven by 8. Yamaguti, * and H. Schmidt,‘ who investigated the state of stress rs 
a 


round a horizontal hole of circular cross-stetion, situated i in agi gravitating solid 
_of indefinite extent. _ In his analysis, Yamaguti correctly considered the effect i 
on the stresses of (1) the weight of the material removed from the hole, a and 
(2) the stress concentration induced by 
4 f an assumed type of initial stress in the 
surrounding medium. However, the 
influence of conditions on the upper sur- _ 
of the solid was neglected. Accord. — 
a AP ingly, by St. Venant’s Principle, 


% tance of the hole from the uppersurface 

/ / made, however, a complicated solution 

of the type used by Yamaguti 1 is 
Cross-SEcTION IN A GRAVITATING, SEMI-_ longer 1 necessary because, in this 


the effect of the weight of the material 


removed from the hole i is negligible i in comparison with the stress concentration | + 


Ps ced induced by the initial stress in the ‘surrounding material. ~ When the hole i is 
far from any other boundary the latter effect can be obtained quickly bya 
method? well known i in the theory of elasticity. The hole, with its center at 3 

point A (Fig. 1), i is considered simply as ‘situated i ina uniform stress 


~ 3 _ posed of the principal stresses which were initially present at point A 


consideration is given to the conditions at both the boundary of the hole tod 
_ the free upper surface of the solid. The results are valid, therefore, regardless 
of the proximity 0 of the two boundaries. In fact, the two boundaries may be 
2 2) taken so close together that the solution may be applied to the > study of the 


; 4 An exact solution of the elasticity equations is described here in which full 


xi, - dead load stresses in the thin-arched structure included between them. A 


simple method for treating this case is given in Appendix I. Finally, more 
4 d detailed consideration is given to the assumed state of initial stress ni the so 
which need not be the particular state assumed by ‘Yamaguti. 


The symbols used i in this paper are defined where they first appear ard re 


- sent alphabetically, for reference, in Appendix II. 


_ The tunnel is considered to be a horizontal cylindrical cavity of circular 


_ cross-section with its axis parallel to the z-axis of a rectangular « co-ordinate ; 
system 2 The surrounding r material has, as its upper surface, the. plane 
= 0, but i is otherwise unbounded, ~ Technically such a body is known asa 


The y-axis penetrates, in its positive direction, vertically 


3“On the Stresses Around a Horizontal Circular Hole in a Gravitating Elastic Solid,” = N. raat 
of the Civil Engineering Society of Japan, Vol. 15 (1929), pp. 291-303. 


4“8tatische Probleme des Tunnel- und Druckstollenbaues,” by H. Schmidt, 1926. 
‘Theory of Elasticity,” by 8. Timoshenko, New York, 1934, p. 80. 
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and bisects the cross-section of the tunnel Fig. 1). “The semi- 
4S infinite solid has a uniform weight per unit of volume, w, so that the problem 
rs involves a constant body force, w, per unit of volume, acting in the positive y — 


The eo the tunnel is assumed to be large in comparison: with 


fare’ One method of studying por in plain strain involves ¢ expressing ‘the 
inte 
- components of stress in terms of a body-force potential, 2, and derivatives sof 
stress function = In n rectangular co-ordinates these take 


2 


in which v is Poisson’s ratio and V4 = where V? is 8 


In the present case, 0 and = w 80 that, tom 


whence vo = 0 and Equation (3) ‘becomes 


The problem, is that of finding a solution of Equation that satisfies 


4 particular set of boundary conditions. _ The straight boundary and the | 

iy - circular boundary, i in this case, are \ unloaded, and, therefore, there will be four 
= boundary conditions to the effect that the normal stress and the shearing stress ue 

os On a horizontal plane, at a great distance below the tunnel, there will be 

‘ mero shearing stress and a uniform normal stress equal to — wy. On vertical — 
¥ Danes normal to the a-axis and ‘situated at a great distance from the tunnel, hie, 
Poe distribution of stress will depend upon the state of stress assumed to have — cae 

existed in the semi- -infinite solid before the boring of the tunnel. | Three initial © a 


_ §"A Treatise on Photo-Elasticity,” by E. G. Coker and L. N. G. Filon, Cambridge, Univ ersity Press, 
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and, 
abe 
‘from the body 
a 
— 
‘a 
} hy 


under state of pressure. ‘The stress in the earth at 
a pths is probably i in this state, approximately. Under this assumption the 
la a | boundary condition will be a linear distribution of normal pressure — 
=— wy as shown in Fig. 2(a). ‘Such a a stress distribution in the s semi- 


CASE I, HYDROSTATIC. CASE I, NO LATERAL 


«8 


— 
{sf\ 
infinite soli 


II.—It might be assumed, however, that initially (long before the 
boring of the tunnel) the material. was restrained from lateral displacement 


tational 


— be shown that the lateral pre 


4 


Case III assumption which might be made is that there is 
ig. 2(c)) in which case the initial stress system may be 


latent 


- Returning toa consideration of the four boundary conditions on the atraig 


ies 
is 
a 
— bits? 
mm 
4 
q 
— This is the stat wou 
— 
— 
These three assumptions i 
tions include a great range of possibilities for the 
known that the mathematical form Will be 


A: 


simplified if the is in a system of co- -ordinates which 

as particularly suited to the boundaries. The curvilinear co-ordinate system 
(a, which will be is obtained through a conformal of 


€ parts will be taken in the solution by the 
a tretch ratio, J, of the transformation and the angle o which the tangent to 
= the curve 8 = constant ‘makes with the z-axis. i It is know n® that these func- | a 


in which e = base of Naperian logarithms. The expressions for the radii of 
vature of the co-ordinate curves will be used also. If p; and pz are the radii 
of curvature of 8 = constant and a = constant, respectively (both positive for 
neers ise a of the tangent moving in the positive direction along 


Dae doidw_ at 


co-ordinate system that is ideally suited to the is 

system. iT It was first applied to two-dimensional elasticity by G. B. 

Jeff 

effery," who g gave a general solution of the elasticity equations in this co-or- a 

- dinate system for the case of zero body force. His method will be adapted to a 4 aes 
the present requirements after account has been taken of the eff effect of the 


_ To obtain a system of bipolar co-ordinates, Equation (8) is  particularized = 


a on by E. G. and | L. N.G. Filon, | Press 


Stress and Plane Strain in Bipolar by G. B. Jeffery, of the Royal 
La ndon, Series A, Vol. 221 pp. 265-298. 
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in = from the origin to a in bipolar 
_-_Equating ‘real and i parts in Equation (12) there results 


| 


Equation (12) may also asi written in the form 


e+ 
Writing’ a+ iy +a)=n ef and «+ ly -a) =f and 


‘real and imaginary parts in Equation (16), there ‘results ety a 


The curves a = constant are of radius a csch a having 
poles (0, — a) and (0, + a) as as limiting points. | ‘The centers of these circles lie 
on the y-axis at distances a coth a from the ¢ origin. The z-axis is the curve 
a= 0. This and a circle a = constant (positive) -Tepresent the boundaries 
curves$ = constant are circular ares passing through the poles (0, +a); 
pi is the angle included between ‘the radii r, and rz; it has a discontinuity of 27 Re 
* = terms of 6; and 62, the indie ¢ which the tangent to 8 = constant makes — 


— 
— 
— 
im 
on 
re 
which and are the radii to a point in the z, y-plane from the points 
Equations (11) and (16a) the components of stress in bipolar co-ore 
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[osha cont) —sinb + cos 8 +aQ.. 
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Foi In each of the three cases, there are two curves, @ = = constant, which are free 
of stress, Since tag = 0 on a free boundary a= constant, Equation | (196) 


me 


that - wy =—wJd clink ‘ai: a: 
and Equation (20) in n Equation (19a) with = : 0, there rons, 


3 
— 
— 
— 
— 
a 
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An Equation (21) is an ordinary differential equation the solution of which 
found by the methods* to 


= tanh a (cosh a a cos — sin B + w a* a 
w a* esch* a ¢sinB... 


in which n, and are constants. 


neach 
a= 
ice. In ‘the stress 


+ + J = Hence Equation (23) may be written as 


= 


material included in Equation (23) is the stress. 


function required to annul the resultant of the stresses produced on a = 


OF THE STRESS Foxenton 


= ‘= constant, 

suggested by. Jeffery will be followed. The resultant 

a whatever stresses exist on the boundary will be annulled first and then ox 

Ee method, due to Jeffery, will be _ to eliminate the re remainin 

ne may | be removed d by tl the stress re given in =e 
(28). function introduces’ many y valued terms“ in the displacements. 

pe the present problem it is required that the displacements be conte 
n the Tegion a 0. This may be by adding the stron, function 


esch? a, [a sinh a — a (cosha — cos 


Treatise on Photo-Elasticity,” beri G. 
931, 


1931 4 Treatise on Photo-Elasticity, 


a= 


yE. G. Coker and L. N. G. Filon, Press, 


> 
— Be! 
(6 
— 


x y Casinh a — a (cosha — 


arya = 0. is to remove the stresses ona = by a 
Equation (27) before proceeding with the application of the boundary. con-— 
2 ditions, Equations (20) and (22). In this way advantage may be taken of a “a 


simplification of the boundary suggested | by Jefiery. 


2 


4 esch? (ash 3 a 

“gag It should be observed that Equations (27) and (28), combined, represent 
“the two-dimensional solution for a force of magnitude w m R,? applied along — 

the y-axis at ‘Point a) i in the interior of of -infinite solid y >0 

Szconp AUXILIARY Srress FUNCTION 


7 It is now required to find a second auxiliary Stress function, satisfying 
Equation (4), which will annul the stresses on a = a emcee by Xi, 9. 3 
Xs and Q, and at the same time produce no stresses ona =0. Incurvi- 
linear co-ordinates Equation (4) becomes'® ‘aod te 


oa. ‘Der prreonerecets der durch eine Einzelkraft im Innern beanspruchten Halbscheibe,” by E. 
-Melan, Zeitschrift far Angewandte Mathematik und a Vol. 12 (1932), pp. 343-346; see also “Stress 
‘Systems in a Circular Disk under Radial Forces,” by R. D. Mindlin, Transactions, A. 8. M. E., Vol. 59 
= 18), pp. A-115 to A-118; and ‘Force at a Point in the Interior of a Semi-Infinite Solid,” by R. D. 
: M lindlin, Physics, Vol. 7 (1936), pp. 195-202. = 


‘A Treation on Photo-Elasticity,” by E. G. Coker and Pilon, University Press 


Rauation (25) is perhaps more readil 
The term (y — logr; in Equation (26) serves to eliminate the many- ail 
va valued displacements in the region a > 0 which were introduced by the term — —_ a 

£6, in Equation (24). Accordingly there should be included, in the stress 

: 
The st leaves only a sel svstem of stress on 

a 

— 
reduced to a linear equation with constant coefficients by considering 

— 


+ 
2 9B? 
On account of the symmetry of the present problem, the solution must be ie 
a in 8. Furthermore, since there is a discontinuity of 2 7 in B on passing os 
_ between the poles, the solution must be periodic in 8, of period 2. A solu- i ; 


wre ») “ot 


1) 
_ Equation (31) is an ordinary | differential equation whose solution i is found ~ 


forn = ye shal wd @ eaolteupa y viebaued ad} to 


ni » (a) = cosh 2a + B, + sinh 2a + Dia 


Hes (2) = = Ao cosh a + Boa cosha + Cosinha + Doasinha.. 


a to Now, Ao nc a and B, cos B give the same stresses; ence, Ay may be 
___ taken equal to zero, which is equivalent to adding a constant term to the s stress ag DN 
-funetion. _ An inspection of and (22), with w = 0, reveals 


Substituting jons (82) i in (33), the following relations 
obtained among the constants, which will assure the vanishing of Ta and Tas 
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Sw, 


Jeffery has that the that be vat 
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‘instead of x as the depend comes 
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Equations (34) jor (35) in Equations (32) and writing Es for 


1) sinh (n + +1)s sinh ~1) all 


(The line of reasoning leading from. Equations s (33) to (36) i is od ea a, be 


: 
“ype by Jeffery" in applying his general bipolar solution to the problem — 
of ‘a semi-infinite plate containing an unstressed circular hole, and undera 
uniform tension parallel to its straight edge. The process has been repeated 4 
here because Jeffery considered correctly only the first of the conditions given a : 
in Equations (34), with the result that the term By sinh « (cosh a cos 8B — - 1) be 
fe lacking i in his Equation (66)." | a in his application, the bound- 


a sinha — a ~ cos) } 
+t Bo [a (cosh a — — cos $B) + sinh | cos B — 


a + A; (cosh 2a — 1) cosB + > {act [cos (n + De — cosh (n - — a} 


Tite 


ee Casz I vy 
the term on the e right i in Equation (37) is = = 0. ‘The 


= of the ‘constants An, En by substitution « of (37) 


in the boundary conditions (Equations (20) and (22)) is perfectly straightfor-— 
The dif difficulty arises from the 
results from t the differentiation of the 
tion os sin 8 with respect to a in Equation (20), A ni: see 


» 


— — 
x 
— 
— 
4 
4 
— 
— 
| 
we 
— 
the proper value fe 
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The values of the cor are solving § a set of 


a on 
This i is valid for a> 0. 7? Iti is s the appearance of this term: in the first boundary 


‘appear as the sum of 1 a finite of elementary functions. 


 . __Using Equation (38) after the substitution of Equation (37) in Equatides 


(20) and (22), the following values for the constants result: 


sinh ay n ay cosh a, — ncosh nq sinh 
= 


te. 


ay”. 
o 


es Substituting Equations (39) in Equation (37), the stress function for Case 4 


— w a? ech? 


3- 


+5 5- 1) + - 
“fa \2(1 sinh? n ay sinh? a 
sinh na sinh na wry (a — a) 


nsinh a sinha sinh n (a — a) cosnB...... 40) 


‘most important are those i in the circular 


2 (1 cosh a; cos 8) sinh a; 


pws 


= 


— 
cosn6. The term involving (cosh a; — cosf) in the denominator can only 
& o this process bv expanding it in infinite series as 
— 

= 

} 

ip 
= 
— ‘ 

| 
— 
@g 


bey slowly, for small values of a. To facilitate the 
2>> ne~™1 cos n8 = 
substituting uting Equation (4 (43) i in Equation (41): 
sinh a; on (cosh a, — cos B)? 
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i Values of Ce. around the hole have 


bebe calculated for a wide range of wien of a; and for three values (0, }, well et, ‘a 


Py: » of v (see Table 2). In the typical curves in Fig. 4 the dimensionless ratio Ae y 


“wD Dis diameter of the hole) is plotted radially from 


periphery. of the hole. “Hie. 4(a) gives the variation of [og around the 


hole for a small value (0. 4) of on—that i is, when the hole i is close to the surface; Pata 
and Fig. 4(0) i is for a larger value (2. 0) of Both | are for y=, 


= 
— 
order to obtain numerical values | 0g 1U necessary tO 
— 
— 

— 
— 
— 
4 — 

— 
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TABLE 1 or R, 


Bi IL. ED an 
“tos | 10 | 12 | 


0.0848 | 0.0364 | 0.0157 
0.0127 | 0.0033 | 0.0034 
0.0016 | 0.0003; .... 
0.002 


Table 3 gives some idea of f the 5h between the radius (R:2) of the se 


At 


OF THE Watt os. THE Ratio For Case I 


In Fig. 5 quantity lo at the pe point of the hole nearest the ‘upper 
free surface is plotted against the rs for three of rat 


oe bad Figs. | 4 and 5 and Table 2 illustrate the following significant facts ft 


i pi (1) The disturbing influence of the upper { free boundary i is not felt until > 


a — > 1.5, the stresses increase almost linearly with the depths Pe? 7 


— 

q 
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Bo, TABLE or * (Case I) 


ed 


ie 

—0.46 | —0.34 

0.45 

—0.66 

—0.95 

—2.31 


» 


—0.66 74 | .78 
—0.89 . =0. . —0.66 
—1.16 —0.83 | —0.74 
—1.45 —1.06 | —0.93 
—1.80 63 | —1. —1.34 | —1.19 
—2.21 —1.69 | —1.55 
—2.69 2. 2. —2.13 | —1.98 
—3.27 2. —2.67 | —2.52 
—3.96 —3.34 | —3.19 


+ 6 baa 


ioe 


—1.61 
| 
-1.73 | -1.33 
-186 | -161 
—2.06 
—2.32 
—3.08 
-3.61 


- 


oii fivedwa 


Wiad bide qe od 
16 | 
2.58 


453 
| 
> 
69 1.07 | 0. H 
1. —2.33 | —1.71 - ts 
a | —445 | —4.42 | 
al — 
3—Posrriow or Hous 
— 
ake 
Z 2.76 
—- 


(3) For=— <1. 2, thes stresses increase with rapidity as the 


‘Rs 


the hole is very. close to the upper surface; and, 
_ (6) The stresses on the boundary of the tunnel are greatest rs the lowest i 
» 14 point of the tunnel cross-section except when a; is very small, in which ¢ 


there are two equal ma maxima the point. | 


ee analysis of this type, involving so ‘much 1 mathematical detail, itis. 


important to determine whether or not the solution approaches, in a limiting : 
case, a result that can b be obtained directly by a simple process. the 
. . hole is far from the up upper surface, there are two factors that should be revealed — ies 
in the solution: First, the stresses induced by the weight of the material removed © 
‘4 from the hole should be very small in comparison with the ‘stress concentration | 
due to the initial stress in the surrounding material; and, second, by Lig 
-—Venant s principle, the latter effect should be the same as for a hole i ina uniform 
< stress field composed of the principal stresses present before the tnttedeellie ae 
ie. the hole. In Case I, the initial stress system is an isotropic pressure, and it x 
=e known® that in such a system the introduction of a hole doubles the stress. 
perform the process i in | Equation let « while 


ocess 
esch a; — andl yi in which 


| ti “OR 
1 & 


In Equation (47) the second term arises from th the weight of the material 


substitutions i in | Equation (41): de 


008 


parison with | c, the second term is small in ‘comparison with the first. i 
‘fore, if the hole i is far from the upper surface, it is only necaery 10 invokes 


— 
= 
= 
| 
— Grace Ur une = 
a te For materials of reasonable strength and density, the stresses are im- << = 
portant only when the hole is very close to the upper surface of the solid or 
4 
— 
4 is the angle between the 4 

— 
if 
= 
a . ss initial stress at a distance c below the surface is — c w, so that the term — 2¢ ee ice : 
| 
which was used for Casel 
_ is applicable to Cases II and III. The latter two differ from the former 


STRESS DISTRIBUTION 
v in the first term of Equation (37). 5 In Case I the first term was obtained iio a. 
Equation (5b). . In Case II, the first term is obtained from Equation (6b); rt 


which, for Case | 


To arrive at Caste II it is only necessary to superpose se 


on Case I the stress system a arising from | 

% tion (48). This stress system is obtained by combining the second susliry 

| stress fu function (Equation (36)) with Equation (48) in such manner that 

stresses on the circle a = a are » annulled. _ Equation (48) can only be used — 

Equation (36) if it is in the form J f(a) cosnf8. To this end 


sinh? a 


B}....(50) 

‘The complete s stress to be added Case I to it to 

G wa? {eosh a +) 2 (cosh a a sinh a) ene cos nB 


By [a (cosh a — cos B) + a (cosh cos B - 


(cosh 2a — 1) cos B+ (4 »[cosh (n + lha— cosh (n — 1) la] 


—(n + 1) sinh (n — 1) a] cosn Bf. . (51) 


Pe 


sinh? Na, — sinh? a, 


| sinh a (n sinh a; + cosh a) + sn 


Again, the stresses [op | on the boundary o are 


. — Equations (52) and (51) in Equation (19d). The result i is 
wGa a — cos B) {6¢ eoth esch 


‘ 
| 
i 
— 
— 
— 
ed 
| 
6 esch? a; cos + 4 sinh 


series in Equation (53) foe ealeulation Purpose, 


The slowly msy be out by letting 
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1) cosn B = 6 


2 
a (cosh a, — - B) {6 « +6 cos 
X (cos + 2 cosh oy 08 + 08 3¥).. 


Values of are given in Table of [op lena, for Case II and 


aan Case III are obtained by ‘adding Equations (45) and (57) with G given by © 
Equations ( (494) and | (496), reapectively... The results are given in Table 


oo The curves in Fig. 6 show the verlétion of the stress in terms of 
at the highest point of the tunnel as — is varied. i? The conclusions that were _ eS 
a drawn for a. I also hold for aa II and III with the following ¢ additional 


9 (1) The wide variation of the stresses for the three separate cases shows * 


‘the necessity of knowing the initial state of stress in the solid; and, elk So 


(2) The apparent in the stresses: of Case It with variation of 


10.1179 
5.9144 
3.2620 
1.7069 
0.8523 


8 approximate for a hole far from the > upper free surface 


— 8 (cosh a; — co: 
— 
— 
— 
— 
— 
— 
— 
| o6 | o8 1.0 see 0.0168 0.0074 — = 
Once again it is desirable to c 


Applying the limit 
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STRESS DISTRIBUTION 
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(a) Case IL Case II,» =O 


| 
—2'43 


=1.04 
=1.69 
—2.18 


2.74 
| 
0.01 | —2:96 
0.24 | —3.09 
0.43 | —3.24 


—0.81 
—0.48 


21.51 
—2.15 
—-1.17 
—1.05 
—1.00 
—0.99 
—1.12 | - 
hilte oft 


wes! 


Cane THI, 


0, 
_—0.90 
—1.49 
—2.05 
—2.41 
—2.61 
—2.72 
—2.94 
—3.08 


woot 


= 
& 
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In order to compare 


-0:86 
—1.13 
—1.56 
—2.12 
—2.78 
—3.42 
—4.08 
—4.78 
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Case II, 


6180-0 


—0.94 
—0.93 
—1.14 
—1.42 

—2.04 

—3.55 
—4.51 
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—2.34 | —0.99 


Lactin 
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—0.11 
—0.27 
—0.39 
—0.61 
—0.92 
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gconditions:; 
COI f 
101 ,eldaliava 


[os Jana, in Equation (58) with Yamaguti’s oy (written — 


— —VALUES OF ——~— ror C. 
| 
4 a th 
— 

q | 133 | | | 005] O77 
—4.19 | —3.59 -1.19 | 0.38 1.38 | 

oa «| 026 | | -1.11 | —0.93 | —0.58 | 037 
2 21 —3. —3.22 | —2 —1.25 | —0.4 0104 
— 18 | 0.15: —5.06 | —5.00 | —3.85 
& 
| —1.57 | -1.57 | -1. -1.18 | -0.65 | 0. = 1.25 
-0. 2 —2.08 | —1. 48 | 11 
— | Moy 44 | —2.70 | —2.85 —1.46 | —0.50 | 0. Lae 
| 152 | -0. 2.81 | —3.49 | —2.52 23 | -0.81 | 1.19 in. 
=< 9.07 —2.91 | —3.02 1.24 42 187 

| 280 | | | | - = 
— -0.66 | 0.25 | 
q Note: Case II, » = 4 and Case I, » 
— 2») ¢ cos 2 
* 
663) note that his symbol is given b ; a 


4 | When this substitution j is lends, the two formulas ¢ check except for an error 
176 in Yamaguti’s work 
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Moment An AND ‘Tanvst IN AN 


the infinite series in the stress formulas converge very slowly. ‘This i is due to. 


are exesedingly laborious. The difficulty may be avoided if it 
we observed that the resultant force and couple on a section p=. constant dl 
‘ag necting the two boundaries may be expressed in finite terms. — In what follows, on 


this statement and the results to Case Tas an illustrative 

Pe oe Se be an arc of the curve B = constant, measured positively i in the direc- — 
tion of increasing a. In traveling along the curve in the positive direction, 
- the right-hand side is called the outside and the left-hand side the inside. 
Let X and ¥ be the forces per unit of thickness parallel to the z-axis and the ar 
_yaxis which the material outside of sq exerts on the material inside of sq per a 
unit of length « of Sa. Then, if | and m are the direction cosines of the outward a <! 


= -18 —~ 
normal to referred to the z-axis and ‘the y-axis: 


= 4; m 


DE 


oy ds, Oz Oy 


dy 


hie The ¢rror in Yamaguti’s paper first appears in his Equations (16). The second term in the second ~ 4 
his Equations (16) should be preceded by a plus sign instead of a minus sign. 
= the remainder of the paper so that his formula for 6; is incorrect. Ree ot a i 
ls 4 — Photo-Elasticity,” by E. G. Coker and L. N. G. Filon, Cambridge Sabie th Prem, 
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The z and y es are Iound point of intersect 
and cir f intersection of sq with a = onents H and V, rest 
from the point o ing these total z and y chs” 


3a 


da )\ op J} J 


q So tag 


ok a2 dat aa )\F az ap ap hiner ; 
at? find the total moment o on the se section, take moments of Tap OD B (oh. 


= con 


donde 
es In Equations (63) and (64) 5 occurs only i in the form of its boundary values 


and ] 


the boundary values of its first derivatives with respect to a and 8; 


but, 
a by Equations (20) and (22), these quantities are given in finite terms. "Hence, 
by using Equations (20) and (22) in Equations (63) and (64), formulas for the 
and couple on a section B = 
may be found readily i in finite terms. 
Applying Equations (63) and (64) to Case I: 
2 ‘coth a; sin Bp 
2 4 
1 cos B) (cosh cos voila Bod 


‘ ttt 


a 


+5 


it In terms ms of the orion shown i in Fig. these become 
(0 (Rt Be) + nf + 


A. 
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STRESS DISTRIBUTION 


following notation conforms essentially with American Standard Sym- ; 
_ bols for Mechanics, Structural Engineering, and Testing Materials compiled a: oy 
bya committee of the American Standards Association with Society repre- 
sentation, and approved by ‘the Association in 1932. Where additional 
symbols : are required, the notation used by Professor Timoshenko” is followed. | 
y 8. Timoshenko, New York, 1934. = We 


— | 
— 
— 
a 
im 
im 
— 
:) 
. — 


a distance from the origin to a pole, a 

distance of the center of hole from the origin ay a coth a zs ‘a 

= diameter of hole; (seealso A) | 

= = depth below ground surface, to a 
= Naperian base = = 2.718 --- 5 

=acotB (see Fig.7); 209.8 

= a constant defined in Equation (49); Se. ay, 

(see Fig. 7); H and 


J = ratio of a conformal transformation of 
m= direction cosines (see Appendix . 


= M = moment; total moment on a section nadie an arch; ; My = moment — 


= at the crown of an 1 arch (see Fig. 7); 
= a coefficient (Nn, Ba, T,) =¢ coefficients of Fourier er series; 


(see N) also = radius of hole =a of circular 


r= radius; r, and re = radii to. a point from. the of é 
8 = are of curve; 8a = = element of of length along a curve 8 = constant; 


w = weight per unit of volume of material; 
| & Ps. Sy mbols X and Y = components of body force per unit of volume; oe 


and Y= - components of stress on a unit length of curve; 


‘Symbols x and y = rectangular co-ordinates; and y; = rectangu- 
lar co-ordinates of the point of intersection of 8q and a; (see Fig. 
@ Symbols a and ‘8 = curvilinear co-ordinates; value of the 2 


: radius of curvature; pi and ps = radii of curvature the. curves” 


constant anda = = constant, respectively; 


co-ordinates; Ca; ‘components of unit normal stress 
in curvilinear co-ordinates; 
‘9 + = unit shear stress; rz, = unit shear stress in rectangular co- Bebe S 


Tas = unit shear stress in curvilinear co-ordinates; of 
boli s lias angle between the z-axis and the tangent to the curve 6 = constant; 


= Laplace s two- dimensional operator = VV"), lo: 
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gravity in a semi-infinite elastic body pierced by a circular hole is an interesting - apt a 
— and the author’s treatment of it is a complete | one. pr The application | 
i, the r results i in practise depend, of course, upon the accuracy with which e ‘ 
are fulfilled if the shape of the tunnel i is other than circular (as 


Mr. S. Yamaguti,” whose method consisted of casting a a flat plate of cone - 
ina horizontal position. _ Anetwork of | lines was placed on the plate, and a hole ache pies 
cut, ofa shape appropriately r representing the tunnel profile. When the 
model was placed in a vertical position, the strain in the material due to its own 


weight could be measured from the distortion of the originally parallel Vines, 


Mr. Yamaguti’s method of 8 II 
_ appropriate value of Poisson’s ratio for agar-agar. The author’s Case I a 
also be reproduced by this method. It would only be necessary to. cast the Be 
plate in a vertical position, so that the stress in the 


 Asecond experimental approach to the problem i is by the method of 
it _ If the tunnel profile is some distance below the surface, the stress _ ae ap 
distribution may be obtained ee an ae by the method of superposition, a as Ate 


ed, fo ora astress at right ‘angles, of 


«ate the hole from | the free surface. The st stress on the a is then obtained | 


_ by adding the two boundary stress distributions. For a non-circular profile = 
? boundary stresses are most easily determined by photo-elastic tests. Oi 


This procedure i is sufficiently accurate if the profile i is some distance below 
surface. the case shown in Fig. 4(b) (that is, for a value of Poisson’s 
 ‘Tatio of 4% dad a, = 2.0), this approximate method gives a uniform 1 compressive Es 
stress around the boundary of the tunnel of — 3.76 w D, in which w = density Ee 
a Asst. Prof. of Mech. Eng., Univ. of British Columbia, Vancouver, 


pp. 1 
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= diameter of the The ‘maximum 

by the eather’ eomputetion is —4.26wD. The in the approxi- 
mate method is thus slightly more than 10%, which is perhaps accurate pre oe 
“for practical purposes. _ Thus, the conclusion n may be. drawn that if ‘the tunn 


ee _ A few years ago the writer (working under the direction of A. Nadai atthe — 


Westinghouse Research Laboratories) made some photo-elastic tests on. holes of 
hae a tunnel profile at the suggestion of F. C. Carstarphen, M. Am. Soc. C. E. . The 
i pa profiles tested were squares with various fillet radii at the corners; the ‘Tatio” 


of fillet radius, r, to ‘side of equate, ; D, had the nat The 


— 


boundary stress distribution was obtained photo-elastically when the bakelite 

_ Pilate which contained the holes was subjected to a pure tension parallel to an = 

axis of symmetry perpendicular to the sides of the holes. The stress concen- 

tration factors (that is, the ratio of the maximum stress on the boundary of the 


4 aA = - hole to the stress in the plate a long way from the hole) from these tests a 


ABLE 6 ——Srress CONCENTRATION Factor 


mame concentration factor for tension or compression 
Maximum compressive stress on —e of tunnel profile 


shown i in Table 6. For the sake of completeness, the case of the circular hole 3 
in a tensile field, for which = =—, is included, the for which be 


‘obtained by computation.” «dt is interesting to note that by minimum 


concentration factor ‘seems to result for value of — of about con- 


> Dé 6° 
factor for a square hole with sharp corners would be ‘theo 


stress distribution around the boundary of tunnels of similar cross- 
section was then computed from the boundary stresses determined by the 
ss photo-elastic tests. The case solved by the writer was the author’s Case ae 4 
. : pe 4 in which the principal stresses before the tunnel existed were re given b by Equations — 


and (70). The results obtained by this procedure for a value of Poisson’s 


4 ‘that material i in which th the tunnel i is driven behaves Sealy and 


of by 8S. Timoshenko, 1934, p. 75. 


— 
— 
— 
— 
te | 
— 
— 
— 
— 
4 
= 
31.3 
— 
SY 
. 
— 


cs 
FELD ON STRESS 


Ss 


in this paper—namely, a in a elastic ‘material— Mr. 
‘Mindlin’ s solution is the most complete available. For use in practical cases, — 
however, the following items must be taken into account: igd 


 I-—The internal stress in the rock in its natural condition, which stress may 


i. relieved i in the local vicinity of the tunnel by the removal of the tunnel rock. a 
“ane IIl.—The percentage of error resulting from the use of the method and for- ae j 
 mulas in this paper when rock conditions cannot be assumed as isotropic. Iti mi 
ae seldom that a tunnel is driven through a uniform granite, , which is probably the e 
= approach to the material assumed in this paper. The more usual cases ie 


are tunnels driven through laminar rock, such as shales, schists, or limestones. 
It is extremely doubtful whether the stress determinations resulting from the r 
ao. b d h blocky li 
formulas in this paper can be applied to a case where a blocky mestone - 
a neountered, or, to take a different example, where ‘schist i in thin in layers, lying | 
edgewise to the face of the tunnel, is encountered. al 
IlI.—The effect on stresses around the tunnel if temporary bracing is 
_ wedged against the exposed rock during driving, or the effect on the rock stresses a 7 
as the tunnel is lined with concrete and grouted ‘under pressure; also the effect | he 
of various grouting pressures in balancing or over-balancing rock stresses. ss 
In taking the foregoing suggestions into consideration, it might be | pertinent — 
to consider the assumption made under the headin r4 “Statement of the Problem” 


- that, at the circular boundary, the normal s stress and the shearing : stress are 


ry, 


i. which requires b bracing to prevent movement. — It Seems to the writer that - 
ee the three cases mentioned as covering the initial states of the rock, —— 
ee they cover a great range of possibilities, such range is chiefly in the variation 
- of th the Poisson ratio in Case II. Case I i Tis | that of hydrostatic pressure which 
may be ‘applicable at tremendous distances below the earth’s surface in rocks putt 
,: that are under such pressure that they are practically liquid, and Case nt 
& would only apply where a . tunnel i is driven through blocks of rock with open ver= — 
f tical ‘seams, which case could not be considered isotropic. _ - With reference to re 
Case IT and its dependence upon the Poisson ratio of the material, it might well ie 
3 be emphasized that such ratio may vary for rocks, depending upon the amount he 
- of the stress. p However, ‘as stated in Mr. Mindlin’s paper, such variation has 3 
a little effect on the stresses themselves, except when the tunnel is unusually close as 
to the open surface. —Itis for sur such h aco condition ie 


7 
a careful stress analysis is most 1 necessar’ aad 


H. A. Brautz,™ Esq. (by letter) are due the 
for his excellent presentation of a very difficult theoretical subject. It is 
highly gratifying to have studies of this caliber brought to the attention of the - 
engineering profession. In the mathematical theory of elasticity, relatively 2A 
few exact solutions exist that may be applied directly t to engineering problems. — 
This paper is a definite contribution to this small group of exact solutions. _ 
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be that the underlying mathematics become more abstruse and complicated 
oa with each addition. This is particularly true in the cases treated by Mr. 2 
— ae: Mindlin, but in no way detracts from the value of the paper. However, :.: 3 
9 : ee does limit its broad use and application to a relatively small group of ap eel 
‘ with a highly specialized mathematical background. Apparently, the author 


A is well aware of this limitation and has minimized the attendant difficulties by 


ea presenting, in tabular and graphical form, the results of many computations, ES 

These simplify and reduce the labor greatly in applying the theoretical results 

As a - In his study of the stresses due to body forces, Mr. Mindlin has considered 

Ae three possible conditions that differ only in the ratio of horizontal stress to at 


vertical stress along the vertical boundaries. To the mathematician the 


of this ratio represents no problem; it is merely called a a boundary condition 

a and is assumed to be known. To the practicing | engineer the proper choice of — ae 

this ‘Tatio is of utmost importance. fg For lack of d definite information on the 

“S the most critical state of stress. _ This is on the side of safety but scarcely ever @ 


on the side of economy. Although the author has left this value “floating’ 


aA (as he should, since a knowledge of it ¢ comes under the science of soil mechanics _ 


experimental and statistical on this phase « of foundation engineering. 
Bex It would have been interesting if the author had included one or more 
= photoelastic checks and had compared the experimental maximum shear - 
stresses with the computed values, Iti is realized, however, that body forces 
are difficult to apply to photo oelastic and that even when M. A. Biot’ 
Ly method of employing boundary forces is used, formal and practical difficulties — a 
arise in the application of a continuously 


boundary that corres esponds to the tunnel surface. 
__ Mr. Mindlin confined the application of the bipolar theory to tisdy. force 
= or “dead load” stresses. For structures having shapes similar to those given 
‘the paper, other cominon conditions of loading exist. hese include the 
cases in which either the straight or circular boundaries are subjected uni- Bis re 

ee i formly distributed loads. . Although the general form for these cases has been 

ok ie given elsewhere,?” it is felt that the particular ca cases in which one boundary is Bs ae 
straight line should be included i in the paper, for completeness. —Loadings 

this type frequently arise in engineering practice. Usually they | occur simul- 
taneously with the case treated by the author. An example of this. condition ee) 
ould be a circular tunnel in bed- rock wane a river-bed or earth embankment. _ be 

up-stream face of a masonry dam or. a pressure pipe, or conduit, near 2 a 
ie _ surface. The latter is the case of uniform normal pressure on the inner 

__ The writer is presenting the results obtained by auxiliary studies covering 

the conditions of uniform normal loads — the boundaries. ova. first } part of 
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for exs ity,” by E. G. Coker and L. N. G. Filon, 


is is purely mathematical and is Jeffery’ 8 s general theory for 


stresses in a circular plate having an eccentric hole. A uniform normal pres- 
sure i is applied to the outer r boundary. © If the radius of this boundary i is as- 
ey sumed to increase without limit, the segment of the outer - boundary in La 
vicinity of the hole approaches the limiting condition of a ‘straight line. <2 
be should be noted that, in this limiting process, the outer boundary i is | still loaded . 
3 on all sides, and the stress formulas obtained for the limiting case must be for ee 
the condition of the infinite boundaries, as well as the straight boundary, being 
iF Although this is an important loading. condition, a more common ose 


f boundaries are loaded only partly. The stresses for this condition can be ob- 
tained, however, by combining the results of a mathematical solution with those — 
experiments, or by combining two mathematical solutions. 


iscussi Jeffery referred to by | 
: author." However, Mr. Mindlin has called attention to an inconsistency in 
Mr. ‘Jeffery’ solution, and, rather than attempt to correct this 


e one value of § given in the 


table, the boundary stress on the ottaight boundary op] opposite the hole is 


fi experimental study the writer was unable to note any change of sign in 
the stress along this boundary. An inspection of the isochromatic photo 
included herewith bears out this point. Finally, the stresses are given 
ay or the cases in which a uniform pressure exists only on the internal boundary. ¥ 
a _ Another interesting application of bipolar co-ordinates arises in connection 


with the problem of percolation into a tun nel in ‘pervious foundation ore 
- shaft of circular cross-section situated near the up-stream face of a masonry ‘s 


Uniform Normal Lo on Boundaries.—Again making use of the 
es ‘transformation, shown in Fig. 1, the following boundary conditions are specified: iA 

oh, | The boundary a = a, is subjected to a normal load o, = 1 and is free | 


3 (II) The boundary a : = a, is free of load—that is, c= Tap = 0; and a 


and az are any of the positive a-cireles shown in Fig. 1. 
Now consider the function (see Equation (30))— ad 

Po = Ap cosh a + Bow cosh a + Co sinh a + Doasinha... 


Fer of Elasticity,” by 8. Timoshenko, New York. 1934, p. 70. 


ety twice the average stress in the plate, and of opposite sign. a . 
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aa exist in order that displacements aay be single valued ; and he has shown that 

e the may be placed equal to zero since B, cos Bg ives the same type of stress 
- Fy = (A cosh 2a + B + C sinh 2a) 


aye =A (cosh 2a—2 sinh 2a sinh a cos 8) B 2 
cosh a sinh ¢ a cos D a a (cosh a B).. 


op = 


B (2 sinh a cos sinh 2a(4 cos*B — - 
ae oF D sinh (cosh a — cos 


= (2 A sinh 2 a 1+. 2 C cosh 2a + D) (cosh a a - ~ COS B) sin B. (74c) = 

B,C, and D are now determined by the boundary y condi 

and mathematical details, the constants are found 


sinh (ag + @ 


ae It has been stated that Equations s (75) are applicable to any two circular & 


“unit normal tension on the boundaries of a circular cylinder with an eccentric rae 

circular hole.2” 7 If the outer boundary is free of force, and if a unit compression 

- force acts | on { the boundary | of th the hole, it is ony necessary to superimpose & — 


petit = 0, on to the | 


by 


is, a cylin 
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The val 

ratios of , in which dis is of the center below the ground andr 


a is the radius of the tunnel. _ The next ealies is to to plot the stresses for unit com- 


| 


ed 
= 


8.— onstants A, B, C, anv D a =0 initia tod 
“yk pressive load, obtained by stress Equations (74), around the hole, along the 
ground surface, and oe & vertical line through the center of the hole for — 


» Saad 5, 4, 3, 2, 1, 1.5 and 1. 25, respectively.” All stresses due to this iia 
are compression and can be plotted in terms of theunit load, Fig. Oillusteates — 


g iG As stated previously, the computations made for a@ unit normal load —— f 


due to a unit normal load acting on the boundary of the hole. 
--Vious that, if a unit normal load is applied simultaneously on both the outer and 
inner boundaries, all points in the body will have unit normal stress in all 
directions. Such a body is said to be ina hydrostatic state of stress. Principal 
tresses are “equal to the same quantity at all pak and all shear stresses 
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ON STRESS DISTRIBUTION 

een a 5 sictmel stress at any: point due to a unit normal load acting on the 
- boundary a = 0 be denoted o’ and the shear by 7’. Furthermore, let a normal 


and shear at the same due to a unit ‘normal load on the 


m 


2 = 


= 


‘Fie. 9.—Unrr Compression ON ALL ExTernat Bounpartes; = 1.5 


= a, be denoted by o” and respectively. ‘Then, if unit pI pres- 


both bor the ‘hydrostatic st state gives: 


“a 


By solving Equations (77), the normal stress "and the shears 7” can be 


A negative result will then denote tension.  Henee, if the normal stresses 4 
4 


found for a unit normal load acting ona = : 0 are deducted from unity, bolle 
due to a unit normal load acting on a@ = a will be obtained. _ The ee 
. 4 shears found at any point of the body for a unit load acting ona = 0 will be of ee is 


equal m magnitude but opposite direction for a unit a acting Ss 
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_ Equations (78) are. “easily graphically by curves as 

‘Fig. 9. It will be found that the stresses are still compressive ‘and attain 
their maximum value at the hole, diminishing asymptotically to zero away from 2 
the hole. The stresses og’ become tension, maximum at the hole, also 
order to obtain the stresses for a a boundary loading of any magnitude, 
“+ : is only necessary to multiply those obtained for the unit loading by the magni- 


tude of the actual boundary load. In other words, the stress diagrams in — 
‘Fig. 9 are influence lines in the usual ‘engineering s sense. 
et Finally, if the external boundaries are loaded with a normal compressive a 7 
Po and the perimeter of the hole with a noemal compressive force, P,, the 


by and then superinaposing the results. 


the entire external boundary a=0. 0. This includes both the plane surface of 
the foundation and the infinite boundaries. In many practical applications it 


| this purpose ‘the theoretical solution by Mr. ‘Jeffery ™ 1 (mentioned pa paren- ty 
by Mr. Mindlin i in the text following ‘Equation (86), is applicable. 
~ However, the author has raised a doubt about | the strict correctness of Mr. 
abe ’s application of his general bipolar solution to this case; therefore the q a 
‘writer has conducted a series of photoelastic experiments which will serve both E tom 
stical pu nd as an ental check on Mr. Jeffery’s theoreti 
practical purpose and as an experimental check on Mr. Jeffery’s theore ical 
Photoelastic Study = the photoelastic study of Mr. Jeffery’ problem, 
course, it was impossible to use a bakelite sheet of infinite dimensions. it . me 4 
believed that the results obtained by using a plate of finite dimensions give a ‘aa 
ala results when the e diameter of the hole and the distance from the free edge ; 


LM, 


os small in comparison with the over-all dimensions of the model, in accordance cs = 3 


OP cad model was constructed i in rectangular form of bakelite, 0.5 in. thick, — 


oe with vertical boundaries 2.75 in. wide by 4.62 in. ». long. A quarter- inch hole 1 a 


was drilled near one free edge of the model, ‘such | that ; was 6 (di is the distance 


the center of the hole to the straight boundary r is the radius the 


hole). When the experiment was completed for the case — = 6.0, the model 
was reduced in width successively so that the ratio © was equal to 5.0, 4.0, 3. 0, Aa a 
20,1 10 and 1.5. The normal load on ‘the lateral boundaries was 


a constant intensity of 1000 Ib per sq in. 


The photoelastic interferometer *® was used to measure the individual 


— 


principal stresses along the shortest strai ht line connecting the strai ht ed 
of the model with the hole. The boundary stresses around the hole and along a 
| 3 the free edge were obtained directly from the isochromatic photographs.”* 

“Direct Optical Measurement of Individual Principal Stresses,” by J. A. Brahtz and John 
Scchrens, Jun. Am. Soe. C. E +» Journal of Applied Physics, Vol. 10, No. 4, April, "Toa. 
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OF or example, the e stresses. along cia lines for =15 are shown in Fig. 1 


d 
the photographs for = 1.5 and 6.0 are shown in Fig. 


le. the saitbostions of principal stresses along a a free boundary i is 0. 173 3 Pp per 


=] 


benogenr 


‘ited vise [lin y 


walaib Seale of Stress 
to 2i bas brtod a 


i a fringe, in which Pi is the intensity of loading | on the vertical boundaries and i is 
assumed equal to unity. The probable error in the experimental 
is +5 per cent. The calibration for maximum shears, of course, would be 
0. 0865 Note th that | the alon long the straight are 


_ The stresses plotted as in Fig. 10 for unit end loading oft the vertical infinite ae 
_ boundaries, i in connection with the stresses plotted as in Fi Fig. 9 and combined — 


with ‘the author’s results, permit o of the complete stress determination for 
various boundary loading and body forces. 
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BRAHTZ ‘ON STRESS DISTRIBUTION 


‘The theoretical results. of the paper may be used with sufficient : accuracy 


civil engineering purposes to estimate the stress conditions around vertical 


shafts and inspection _ galleries near the faces of the dam, and pressure pipes 
running through the dam. These problems have been treated elsewhere anal 
under the assumption that the openings were far removed from the faces, — 
whereas the present theory permits the opening to come as close to the faces =p 
Som considerations will permit. In this application of the theory, it is 


* ‘customary first to pyre the principal stresses at the center of the opening, as 


alaity of the opening by the present theory. _ 


Fig. 11.—Isocuromatic Maximum SHear 0.0865 p Per FRincs; 


It is hoped that the author, in in his closure, will comment further on the me 
apparent discrepancies in the theoretical and photoelastic results for a plate 
_ with an eccentric circular | opening and under a uniform traction. _ This problem = 
is important as it occurs in many forms in practical structures. 8 82 
a. Finally, it should be noted that the author’s bipolar transformation can be a 
used also for the determination of the liquid pore pressures which may exist: ef 
_in the material surrounding the tunnel and the seepage into the tunnel. The xs 


_ © “Introduction to the Stresses in the Wall Rock of Tunnels,” by Frederick C. Carstarphen, M. a 
E., Mines Magazine (Colorado School of Mines, Golden, Colo. May, 1939. 


_@ “Stresses Around Circular Holes in Dams and Buttresses,” by I. K. Silverman, Assoc. M. Am. Soc. 
-» Transactions, Am. Soc. C. Vol. 103 P- 
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Raymonp D. Assoc. M. Am. Soc. C. E. (by letter).—An 
analysis of the stresses around a horizontal tunnel of ‘circular “cross-section, 
situated in a gravitating elastic medium, is presented i in the paper. It shows 


gs the stresses are affected by (1) the proximity of | the free upper surface of 2 4 


the medium, (2) a certain range of assumed initial stresses in the medium, and 
A ‘result predicted from St. Venant’s principle w: was verified—that is, when 
, "the tunnel is far from the surface the stresses may be calculated by considering k 
F the tunnel situated i ina uniform stress: field composed of the principal stresses 
initially y present at the» tunnel level. However, even in this comparatively 
simple case, there are available from the mathematical theory of elasticity only 
solutions for openings of circular or elliptic section. . Professor Richmond 
shown how a very simple photo-elastic experiment, ‘combined with a 
cious use of elasticity theory, will solve the problem for any shape as long as # 
7] the opening | is far from the upper surface. In his application to the square — 
section with circular fillets at the : corners, Professor Richmond finds that there 3 ; 
: an optimum fillet radius which produces a minimum stress concentration 
factor. This is a result of some abe 3 which might be seg usefully 
in other fields of stress analysis and design. ch 


ke os Brahtz and Feld, is of such importance in both the photo-e elastic and mathe- a 
; ‘matical treatments of the tunnel problem that it warrants ‘another repetition. 
It is that the stresses in the vicinity of the tunnel cannot be predicted, even 
a approximately, without advance information as to the state of initial stress in — 
Ss the medium. This was stated in the: original ps paper when comparing the es a 
different results obtained for Cases | 
ot Mr. Feld n mentions } the question of the effect of Poisson’ 8 ratio on the stress > 
As stated in the paper, the re reason for the great change in wes 
: - stresses of Case i when Poisson’ 8 ratio is altered i is that, in this case, the 
eer, « The effect on the stresses of bracing or lining in in 1 the tunnel, mentioned by _ 
6 Mr. Feld, can be calculated by the methods of elasticity theory. The effect ‘ae 
s grouting pressure can be estimated from Jeffery’s solution for the hole under — 


uniform | pressure in the semi-infinite plate. ‘The results obtained from this 
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solution are indicated in the first part of the discussion by Mr. Brahtz a Ly are i be 
treated in greater detail in the source to which Mr. Brahtz refers.2?* 


Mr. Brahtz reveals a very point in his discussion of the problem 4 
0 


jg whether or not there is a reversal of sign in the anes a the straight ~ ie 4 
© when the hole i is close | to this eee oe to Jeffery’s ‘mathematical 


‘solution of the theres should be: reversal of sign for de 


‘. but he noted that the writer had called attention in hie’ paper to an error in 
Jeffery’s solution which prevents comparison with the experimental results. 7 i 
he writer has | corrected Jeffery’s solution and finds that Mr. Brahta’ s 
reaults are partly verified. The corrected solution indicates that there is 
“reversal of sign along the straight boundary. - However, there are some a. 
between the magnitudes of the ‘obitéined in Mr. Brahtz’ 
_ experiments and those found mathematically. _ These discrepancies result in — 
_ percentage errors higher than the 5% estimated by Mr. Brahtz, especially in 
i aamuens« of low stress. _ This is | to be expected, since a small 


‘measurement of phase retardation, while p: producing a negligible percentage — 
in regions of high stress, 1 will 1 produce a ) very large percentage | error in eaakiual 


own t to 1. 1. Ll. The details of = 


writer has calculated corrected values for Jeffery’ problem and 
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UNIT HYDROGRAPH PRINCIPLE APPLIED 


By E. F. BRATER,’ JUN. Am. Soc. C. 
Win Discussion By FRANKLIN F. ‘SNYDER, LeRoy K. SHERMA 
RAPHAEL G. ALDO E. Sums, axo E. E. F. Brarer. 
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The unit hydrograph principle was ‘first presented in in 1932 by ‘LeRoy K 
Sherman, . Am. Soe. E. Since then it has been developed into a usable 


method for surface run-off analysis. most 1 notable advance was: the 
a introduction « of the distribution graph and pluviagraph i in 1934 by Merrill M. 


Although | the method has quite qunerally y accepted, the engineers 
and. hydrologists who have made special studies i in this field have suggested that . 


‘the of the unit hydrograph. of the unsettled issues ‘is: the 
question of its usefulness on small streams. 
ke is s hoped that the present investigation will provide s a better understanding ie 


of the natural phenomena i involved in the production ¢ of a unit hydrograph. ae 


Ta: The paper demonstrates that the unit hydrograph principle may be applied to a 
— small water-sheds, and that the distribution ‘graphs and pluviagraphs are 


valuable tools for the e analysis of surface run-off. he study further indicates 


a that the unit hydrograph method i is one of the best practical devices for pre- 


determine its usefulness as a tool in the analysis. of surface run-off. 


Instr., Civ. Dept., Univ. of Michigan, Ann Arbor, Mich. study was ndertahen while 
writer was employed y the Appalachian Forest Experiment Station.) _ 


2“8tream Flow from Rainfall by the Unit Hydrograph Method,” by L. Sherman, 


an Approach to Determinate Stream Flow,” by Merrill M. Bernard, Am. om CR 
60 60, January, 1934,pp.3-18. 
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small water-sheds by the Appalachian Forest Experiment Station.‘ 
The water-sheds lie in the high rainfall belt of the Southern Appalachians. — a 
iy They vary in area from 4.24 2 acres to 1 876.7 ‘acres, & and in cover type, from old- 
he first part of the investigation was devoted the of unit 

hydrographs and the Preparation of distribution graphs on the twenty-two i 

streams. The method of selecting the unit hydrographs from the discharge 

records of the water-sheds is presented, with a general consideration of the oe: 

_ principles involved in the selection. The various factors to » be considered in the Ne 
of surface run-off from ground- -water flow are discussed, and a 
coe method of procedure for making this separation on hydrographs from pun a 
streams: is suggested. Distribution graphs were derived from each of the unit 

__ hydrographs, and the graphs from each stream were superimposed upon one 

ee another to permit the selection of a composite distribution graph for the stream, 
ad detailed led study was made of the rainfall that produced the unit hydrographs ~ se 
San the pur Purpose of determining 1 more detnitaly the conditions that govern the 
_ The second part of of the on consists of some applications of the distribution i 4 
aphs for the purpose of further testing the adequacy of the theory, and to 
_ indicate the value of the unit hydrograph as a tool in the analysis of run-off ve 
ae _ phenomena. The composite distribution graphs were analyzed for the purpose _ 
: PS disclosing any correlations between the shapes of the distribution graphs, me 
especially the peak percentages and the widths of bases, with the physical — 
characteristics of 1 the water-sheds. distribution graphs of three of the 4 
a streams were then utilized i in the construction of pluviagraphs for comparison | = di, 

actual hydrographs of run-off. The pluviagraph studies led logically to 

consideration of surface run-off coefficients. — Finally, a method is submitted for 

‘the use of the unit hydrograph as @ practical method of 


The investigation is based on rainfall and discharge records 


continuously for periods varying from two to three years. Fifteen of the 4 


twenty-two water-sheds are forested, two are void of all vegetation, and the 

2 remainder have varying types of vegetative cover. They are situated in three 

iy ‘Separate experimental areas, the streams of each group being designated by the as 
ame of the experimental area together with their number within the area. pins q ty 

s _ Locations of the Installations—The first group of seven installations is in 4 


or near the Bent Creek Experimental Forest which i is about il miles south of — 


j - Asheville, N.C. Four of these are forested, and on one is a mixture of forest and 

_ adjoining agricultural land, whereas the other two are over-grazed pasture and 

_ abandoned farm land. The location of Bent Creek and the other two experi- Be ‘ie 
mental areas is shown in Fig. Descriptive data concerning all individual 


a 
___Water-sheds are given in Table 1, the vegetal cover in each case being as = 
Bes, 
Appalachian Forest Experiment Station, U. 8. Forest Service, Department of Ashe- 


ville, N. C. (see ‘‘Engineeri Aspects of the Influence 3 see on Mountain Streams, 
er, Jun. Am. Soc. C 
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ini Stream N Yo Description bosad 


old-growth timber; the forested areas were 
heavily settled and farmed prior to 1900; no 


-blo aes) large- scale lumbering operations have been 


undertaken on this area except for cuttingand 


= Jo of the whole) of old-growth timber. ‘The 


clearing on the individual farms. Scattered 


ng trees, in- 


the: «winter of 1930-1931; heavy skidding 
Bent Creek 3 Over-grazed pasture and abandoned old fields; 
gheet erosion well advanced. 
Bent Creek 4 _ Approximately 50% forested, and 50% cculti 
PT vated land and abandoned old fields. 
_ Bent Creek 5 and 6 2 Forest; second growth of the oak-chestnut type. 
Bent Creek 8 Abandoned old 
Copper Basin Forest of the oak-chestnut type; ; this region has 
ads relatively thin layer.of soil, underlain by 
“apt Copper Basin 3 ’ _ Grass-land; sheet erosion and some gullying in n 
Copper Basin 5 it ni cover; top-soil completely removed and 
1 tod 9 The primary vegetation of all the Coweeta water- 
10 sheds is second-growth forest of the oak- 
chestnut type, with scattered areas (less than - 


entire area was lumbered commercially as long 
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x or WaTER-SHEDS IN THE 


DISCHARGE, IN Pia ¢ IN 


Cusic Feer | Custc | Sea 


Maxi- | Mini- | w,; Maxi- 


| @ | ve | @® 


48.6 
17.3 | 84.3 

10.78} 335.0 

73.95} 38.2 


| 21.88] 
145.45 

1 876.7 

1 787.9 
212.3 


| 


Corrzn Water-Sueps 


| (0) Cowzera Warter-SHeps 


5-ft trapesoid. $12-ft tra - §120° V-notch. || 3.5-ft trapezoid. 
Forest (see Table 1(b)) is about 15 miles south of 
rr anklin, N. C., and 6 miles north of the ‘Georgia | State line. 
__water-sheds of this group (Stream No. 8 and Stream No. 9) include the = 
experimental area. All of the others lie within the boundaries ¢ . these two. 


te The entire area is covered with second-growth forest. 
remaining six water-sheds are in the 4 corner 
+3 within or near the area known as the Copper Basin (see Table 1(c)). This 
region derives its name from the copper-mining and smelting activities in 
i -_ Copperhill and Ducktown, Tenn., about which the area centers. The Copper — 
e Basin consists of approximately 8 8 sq miles of completely denuded land sur- 
_ rounded by a zone of grass-land the area of which ig 22 sq miles. The denuda-— 
tion was started by cutting the larger trees, but the principal damaging — a 
_ was the sulfur fumes resulting f from the original open roast-heap method of a 
denuded area is | deeply gullied and all top-soil i is washed 
The grass-land has suffered from sheet erosion and is in early stages of gully - 
formation. — Two water-sheds were gaged in each of these zones. Two others - 
are located just west of the Copper Basin in the Cherokee National Forest. _ at 
oe Methods of Measurement.—Stream flow was gaged by means of standard a 
a sharp-crested weirs, right- angle V-notch weirs being used on the smaller streams — “a 


and trapezoidal weirs on the ones. Heads over the weirs were recorded 
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weirs were more than adequate to satisfy sbtyuiremente for proper contraction "he Bs 
of the | ‘jet. and for r reducing the v velocity of approach to a negligible quantity, a 
The type of weir used in each case is indicated by footnotes in Tablel. __ 
- Rainfall was measured by means of standard WwW eather Bureau rain gages, 
‘a smaller number of recording gages. There were twenty- seven standard 
paid gages and five recording gages on the Bent Creek water-sheds, twenty-three i 
standard a and six recording gages on the Copper Basin w ater-sl and 
n. 2 ‘three standard and six recording | gages on the Coweeta - Con- a 
sidering the total area of all the water-sheds, the average area per rain gage was 
- ae _ thirty-seven ¢ acres. | The gages were arranged to give the best possible sample, : 
taking into account aerial distribution, elevation, ‘and 2 aspect. The average 
precipitation was computed by the Thiessen method = 
Tue PREPARATION 0: or Unit HyproGRraPHs AND Disrarsurion 


: a follows:* For any water-shed, the surface run-off resulting from a unit storm a 4 
is distributed, according to time, in a characteristic manner, and this distribu- _ 
tion is independent of the intensity 


‘e oa A unit storm is a rain of an intensity sufficient to produce surface ru run-off | 
_ which occurs within the period of rise of the hydrograph. The period of riseis _ 
g the time from the beginning o of surface run-off to the occurrence of peak discharge. 
io Definitions. —Since the terminology that is applied to this phase of hydrology — 
is not entirely uniform, the following terms are defined according to their usage 
7 Surface Run-Off. —That portion of the n which the 


ischarge, in Cu Ft per Minute 


q 


of surface run-off at duis station and the time when all surface run-off 
has passed the station. The period of surface run-off is equal to the period of _ 
overland flow plus: the time required f for the channel derived 

Period of Rise.—The intervening between the beginning of run- 

off and the occurrence of the peak d discharge. 


that appears at thew gaging station as surface run-off. 
- Unit Storm.—Isolated rainfall falling at an intensity greater than the . 
infiltration capacity and having duration mn equal to or less than the period 


a Unit Hipdrégeaiph: —A hydrograph of surface run-off resulting from a unit 


?*‘Surface Run-off Phenomena, Part I—Analysis of the Hydrograph,' by Robert E. Horton, Publica- 
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on of total surface run-off that occurs in certain selected equal — 
intervals. provides a graphical of the characteristic distri- 
Selection of the Unit H step in the preparation of the 
_ distribution graphs was the selection of unit hydrographs from the continuous 
run-off records. The method was to select isolated, clean-cut surface run-off 
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STORM OF MAY 12, 1936; STORM OF JUNE 12, 


STREAM NO. 1, COPPER — Pd % 
oft 1936; STREAM NO. 


wire 


| 


= 


ze) after the main one were used. In such a case the main graph wa was ramones 
4 _ from its “parasite” after a careful study of the normal rising or receding sides of 
other surface run-off hydrographs from the same stream. aot 
: Sha This procedure was necessitated by a lack of knowledge of the type of rains B 
that would produce unit hydrographs . In the light of the knowledge gained 
from the work, it is possible to select the unit storms from the rainfall records by a 


Selecting intense isolated rains, the duration of which was less than the period o of: 
tise indicated by the area and nature of the water-shed. pp The only : advantage of b,: 
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TA 


| Distribution Graph—A graph having a time base equal to that of the unit 
— 
| 
— 
— 
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ca the preparation of the unit hydrographs was the separation of surface run-off — 
7 from ground-water contribution. Under these ideal conditions (isolated storms — 
occurring at times of low flow) this procedure became relatively simple. The _ 
separation was made first as indicated by Base Line a, Fig. 2(a). A study of f the 1e 
_ ground-water build-up during rainfall later indicated that for most s streams a 
base, such as Base Line b, was more nearly correct. In the case of Stream No. 1 
_ Copper Basin, distribution graphs were prepared for both sets of base lines and © 
it was found that the difference wassmall. An investigation of the hydrographs ‘2 
_ produced by rains of such intensities that no appreciable surface run-off — 
_occurred has also indicated that the general shape of the line separating ground. 
water er from surface run-off is in the nature of Base Line b. _ The following two 
. considerations lend weight in favor of the accuracy of this observation.  __ 
_ First, the rate of ground-water contribution | depends upon the average slope 
the water-table at the shores of the stream. Obviously, the 
elevations adjacent to the stream must rise more rapidly than the stream 
evations to cause of ground- -water inflow to increase the 


¥ 


4 (Point 2(a)) ‘will “occur at after the devel of 
the water in the stream has finished its rapid decline, while the adjacent ground 

water iss still nearly at a maximum elevation. T _ This point occurs near t the tim 
4 hen overland flow ends, and during that time e when the surface a at the Me 


gaging stations consists only ofchannel storage, = | 


Second, it is inconceivable that the ground-water discharge co sada uld vary in an 
Be: or jerky manner. Similarly, the effect. of channel storage cannot be 


thought of as ending abruptly. | _ It follows, therefore, that the line of separation Ete 


If continuous records of ground-water were in 
7 with records of water elevation in the stream, it would be possible to determine a 

the exact nature of this line of separation ‘with considerable accuracy. 
“ka Although the preceding comment concerns especially the conditions on small ~ 

a water-sheds, the same general line of reasoning may be applied to larger water- 


"7 


- sheds. _ However, in the latter case, unusual conditions may arise which require _ 
- special | consideration. ” For instance, it frequently happens that rain occurs 
in the u upper - reaches of a water-shed and misses entirely the rej region where 
the gaging station is situated. _ When the stream rises at such a station, there if 
av “must be a temporary reversal in the ground-water gradient and the ground- 
water contribution could conceivably be negative for a short interval. Evenin 
this case, the volume of water required in most water-sheds to build up the 
; a underground water to the level of the stream would be quite small. ti --Further- 
— a portion of the water flowing i int the stream is ground-water contribution | 


“aa __ records occurs when continuous stream-fiow records in the form of hydrographs =f from 
= if th 
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this volume more than sufficient to supply Ge > deficiency in the 


ad will have a minimum slope of zero and generally will slope upward during the ite 
On the basis of tests by the Appalachian Forest Experiment Station, sed 
far, it may be stated with considerable assurance that the line of separation for _ a 
~ small water-sheds is a reverse curve of the nature of Base Line b, Fig. 2(a). The i 
Tine i is quite definitely fixed by the two points of tangency (Points 1 and 3) and 


Generally, even in the case of storms producing overlapping unit hydro- 
= poke, the point where surface run-off begins (such as Point.1, Fig. 2) is quite — 
= In the case of the hydrograph “the point where surface run-off 
_ (namely, Point 3) was selected because at this point the graph flattens out = 
Bx oe suddenly. Sucha 4 point is not always evident and its selection ee & 
considerable judgment. Although this point cannot be chosen definitely, the 
> maximum time that surface run-off continued after the rainfall ended usually | 4 
< may be selected with assurance, as for instance the time from the peak to 
hes Point 4, Fig. 2. This information becomes extremely important when applied — 
to complicated hydrographs resulting from a series of rains, in which instance 
“the selection of this point becomes much more difficult. cases of this nature, 
‘ - studied by the writer, the lengths of of base lines determined by different persons 
“a have varied by as much as 100 per per cent. ¥ By utilizing g the knowledge gained 7 
from the unit hydrograph, this difference would be more of the order of a 
dj _ The high point (such as Point 2, Fig. 2(a)) probably occurs near the end of 
A? vtabead flow, or about half-way between the peak of the hydrograph and the 
end of surface run-off. Until: more quantitative results are available, the 
ce height of this point must be a matter of judgment based on a study of the flow j 
The Construction of the Distribution Graphs—Having separated 
water from surface run-off, the unit. hydrographs are represented by the 
i ordinates between the line of separation and the actual hydrograph. The unit 
hydrographs thus determined were then divided arbitrarily into time intervals, 
a and. the average rate of surface run-off was determined for each ere 
pee These values were totaled and the percentage of the total occurring during 
each of the periods was computed. — The resulting percentages are a numerical FER 
representation of the distribution graphs. intervals varying from 2.5 min 
te 30 min were used, the object being te represent the shape of the graph 
a It should be noted that the magnitude « of the percentages making up a poe oe 
5-min intervals ; 


“4 alae would be half as great. Therefore, for or the purpose ir comparison, <5 
the distribution graphs w were converted to. a common time. interval. For 
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; 19.0 Acres 


ne 21,1935 1.51 In. | 
May 12,1936 1.94 In. 


(See Fig. 2) 
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Aug. 28, 1936 2.72 
Apr. 24,1935 0.99 In. 
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July 12, 1936 
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to a 2. 5-min basis. ‘if these results are they must be ‘spaced at 


as s nearly as on one another. 3 and 4 the resulting 
clusters of characteristic graphs for two of the streams. 


(2) ent Crerx WATER HEDS 
50 | 50 | 7.5 | 150 cca 
o | 25 | 14 0.4 i 10.0 
60 | 19. o | 74 | 140 19.0 
33.0 1.0 17.0 48.0 
2.5)t (34. (80.0)t 
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4 wi Stream Numbers: Sania via 


No. 


rat [sso | 25 | 25 | 25 | | 
94 | 140 | 80 | 129 | 
10.1 | 7:4 | 11.75 
6. 62 | 48 | 186 | 
re 37 | 32 | 40 28 | 11.55 
| 09 | 02 09 } 0.05 
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T =tim in minutes. t Peak es are in parentheses. 

bution graph was then chosen for each was done by selecting 

one of the individual graphs a as representing an average, or by drawing an aver-- 

is ; = graph through the cluster and taking the percentages from it. The latter ae, 


a Characteristics of the Distribution examination of the 
By, ‘am sets of distribution graphs similar to Figs. 3 and 4 showed that there was + oa 

close agreement among the graphs in each group. Furthermore, for any 


to the characteristic shape for each of the streams appears to be much closer 
in the case of streams draining larger water-sheds. mie 
‘Ther rainfall varied considerably \ within the individual clusters “of graphs. 
For example (see Table 3), unit hydrographs selected for Coweeta 9 were et 
produced by rains varying from 0. 51 in. to 2.72 in. dhiaes of Coweeta 5 by | < 
rains varying from 0.35 in. to 1.69 i in., , and those of Bent Creek 1 varied from C4 


stream, the shapes of the graphs were singularly individualistic. The adherence 


— 


= actual peaks of the ‘anit  pitengragtai al also varied widely within the a 
ipdividual cluster. For instance, the peak discharges varied from 9 to cu ft 
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per see in the unit used for Coweets! 9 and, in case of Bent 
Creek 3, the peak discharge varied from 1.9 to 13.0 cu ft per sec. 3 
bi The duration of each of the rains used in preparing the distribution ; graphs hs 4 
ea and the period of rise for each stream are given i in Table 3. Bf: _ The period of rise a 
_ gorresponds approximately to the time of concentration in the so-called rational = 


“2S 


Ee formula. The latter is usually defined as the time required after the beginning 16 


Pi“ rainfall for run-off to reach the point of concentration from the most distant _ 
point on the e water-shed. These studies indicate that a somewhat different 
conception must be given to this time mat 
Ss careful study of Table 3 in conjunction with the corresponding distsibu- 

De 4 tion graphs will show that the peak discharge appears at approximately t . 
same time after surface run-off starts, regardless of the duration or magnitude 

of the rainfall. N early wer set of graphs provides illustrations of this. For 

TABLE 3. —Descrition OF THE RAINS THAT Propucep DisTRIBUTION 
— TO Ficures 3 anp 4 


he 


rainfa of rain- rainfal of rain- 
of | fall,in || in | fall,in 
minutes |} ‘inches 


Stream No. 4; P = 45 mi 
August 29, ‘1936 

< September 20, 1936 

September 29, 1936 


Stream No. 5; P = = 30 min: | 
July 2, 1936 


Stream No. 6; P = 12 min: 
August 23, 1935 
, July 2, 1936 
September 20, 1936... 
No. 8; P = 


Sally 6 
41 | 6, 1936 


Stream No.4;P =8min: | 
une 1. 65 || July és 

June 21, 1935 July 27, 1935. 
July 5, 1935.. @ August 17, 1935. 
May 12, 1 August 23, 1935.. 


ve ‘Stream No. 2; P = 60 min: 


June 8, 1935. . 2 Stream No. 5; P = 20 min: 


20, 1936. . 0.67 
- August ‘10, 1936 \ July 29, 1935 
August 4, 1935.. 
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Stream No. 8; P = 70 min: 
May 1l, 1985, 
12 July 25, 1935. 
July 26, 1935. 
22, 1935. 


‘Stream Ni No. 9; =75 min: 
April 24, 1935 
July 12, 1936 
August 19, 1936.. 
August 24, 1936.. 


No. 10; P = = 60 min: 
June 4, 1936...... 

June 12, 1936 

24, 1986 


Stream No. P = 60 min: 


July 12, 1936.. 
August ‘19, 1936. 
24, 


ore 
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fret 


P August 11, ‘934 

May 11, 1935 
August 19, 1936 
eum August 24, 1936 


Stream No. 5; P = = 
July 12, 1936 
July 13, 1936. . 
August 19, 1936 
August 24, 

- 
‘Stream No. 6; P = 30 min: 

August 11, 1934 
12, 1936 
August 24, 1936 46 
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instance, the period of | rise for ‘Stream 9, ‘Coweeta (see Fig. 3), is 75 min. Seg 
Four of the distribution graphs were produced by rains lasting only from 20 _ 5 
to 42 min. ; _ These graphs fall very well in line with the one produced by a a 


much heavier rain which fell during the entire 2 75 min. -: On Coweeta 7, rains 


ay with those produced by rains of 60- and 65-min duration. In contrast to these 
shorter: rains, about ten of the rains used wi were of a longer duration than the 


- period of rise, although, in most cases, the major portion of the rain fell within af, g 
this period. However, even in the case of the rain of August 23, 1935, on a: 


1 oo Copper Basin 4 (which lasted five times as long as the period of rise) a definite ee 
aay peak occurred at the same time as those of the other distribution “graphs. ahi 
evidence > may be summarized as follows: ase . 


+2 (1) Any rain occurring | in a time equal to or less than the period of rise 


decreasing intensity also produces a unit hydrograph; and, 


‘The foregoing considerations help to trace sequence of events that 
constitute the process of run-off. process i is believed to be 


(2) A rain that lasts somewhat longer than the e period of 3 rise se but ¥ with ‘f q 


(3) There is a tendency for the period of rise to be unaffected even if the 
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‘UNIT 


ars produces surface storage. As rainfall continues the surface water — 
begins to move down the slopes in thin films and tiny streams. -- Surface tension tS Ny . ; 
and friction play an important part at this stage. As these minute rivulets e 
a increase in volume, their velocity becomes greater; but their path i is tortuous or 9 i 
a. and every small obstruction causes a delay until sufficient head is built up to a * : 
overcome it. Upon its release, the stream is suddenly speeded on its way Mr a 
4 again. _ Each | time that two or more of these little streams combine, the water 4 a 
3 is further accelerated in its down-hill path. — _ It is the culmination of all these ae 
4 small contributions into a final combined accretion to the main stream which 
_ produces the ultimate hydrograph. It appears, therefore, that the period of he 
rise has no particular relation to the time required for water to reach the © 
gaging station from the most remote part of the water-shed, since the peak a. * 
merely the result of the simultaneous release of the accumulated rainfall fom 
the 1 major portion of the water-shed. | The rain that falls near the end of the — a 
_ period begins its overland flow much more readily than that falling earlier, 
since it falls at a time when all the surface depressions have been filled and a 
into water which is flowing with a relatively high velocity. ,, -An increase in a ‘ 
intensity of the rainfall over the minimum required to produce surface run-off a 
increases the total surface run-off but does not materially change the time 


required to complete the foregoing process. 


it has been) shown that unit hydrographs exist in, and 1 may be isolated 
“from, the discharge records of small streams. A study of the natural phe- ae 
é. ‘nomena involved in | the fo formation of a unit hydrograph has thrown light on : 
some e phases of the process of surface run-off. In the following studies, the a 
distribution graphs are utilized to test the v value of the unit hydrograph ge 
Correlation of the Distribution Graph with Water-Shed Characteristics. :—The Row 
variety of types and sizes of water-sheds upon which the investigation is based ~ 
offers an opportunity to relate the characteristics of the distribution — 
with those of the water-sheds. writer is aware that the exact « 
" of the distribution graphs are partly a matter of ‘personel judgment, especially 
the widths of bases: and the peak percentages. change in the method of 
separating base flow from storm flow might change, considerably, the total 
29 length of base of the distribution graphs, although it would not materially — 
affect their general shape. Furthermore, in in some ¢ of the streams, the records 
2) may not have been long enough to ) produce a a true unit hydrograph; however, as 
’ demonstrated later by the construction of pluviagraphs, the evidence is in — 
4 favor of their adequacy. In view of the foregoing consideration, the — * 
tions were made to include as much information as possible. _ ‘None of the 
graphs contained “average curves.” The only averages used were the com- 


posite distribution graphs for each stream. 


ae 


comparison of peak discharge, the twenty-two composite distribution jae 
graphs were reduced to a 2.5-min basis. The peaks were then _saeoae in order i 


J magnitude as shown it a 
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_ That the peak percentage varies te area of the 
is quite obvious. However, it is the manner in which the variation 
- that is especially interesting. For instance, if the forested water-sheds of the | 
r Bent Creek, Coweeta, and Copper Basin areas are considered separately, the 
agreement between peak percentage and area ‘becomes consistent. That is, = 
- from left to right on the graph the areas are constantly increasing. This may aes 
be noted by a careful study of Fig. 5; but it is more clearly indicated in in Fig. 6, «a 
in which only the Coweeta streams are plotted. © " a he greatest peaks for a given A 
area are found at Bent Creek—the smallest at Copper Basin and Coweeta. _ 
a is significant that the denuded and grassed areas have peaks aks much higher — 
‘than would be indicated by the general trend of the forested areas areas. +——~—| ae 


area It has the largest : area of any. of 
é the unforested water-sheds, but has the second highest peak. It is possible ae 
that this is due to the fact that this water-shed has nearly” a semi- er 
shape, with its outlet at the center of the circle, thus permitting , all sectors <a 
_ the water-shed to contribute their run-off cetaqsouny with practically no 
shed 4 on Bent Creek has approximately the position in the 


a 


“the trend of ‘the other forested Two-thirds of the > standing 
a were cut from this water-shed in 1930 and 1931, and skidding operations > 7 
a that time were exceptionally heavy. _ Furthermore, drainage from approxi- aa 
mately 100 yd of roadway discharged into the water-shed. Although the 
quantity of water entering from this source was not great, it entered in 1 the — 
- form of a small stream: and followed a fairly narrow and well-defined course to 
the main stream, discharging into it at a point about 100 ft from the weir. _ 
This latter difficulty” was eliminated in subsequent records - to determine 
_ whether the high peak was due to the scarcity of vegetative cover or ‘to all 

* tas Fig. 7 was prepared to show the variation in the duration of run-off for a 7 
j unit storm, as indicated by the lengths of bases of the distribution graphs. 


The bases a are plotted the area, in acres, the zero ordinate | for 


“expected, the length increases wi with the area. sharp, difference | between 
Although the individual variations from the general (with possible 
rhaps 
portant feature is that there appears to be a general relationship between the 
dimensions of the distribution graph and the area, and a logical reason for _ 


“all the deviations. . If this is true, the v alue of distribution graphs as a means 


isolating the area factor in the of surface run-off phenomena becomes 
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“ts Instead of using a uniform interval of 2.5 min as a percentage basis in the 
foregoing analysis, it would have been possible, and might at first appear * 
Bes one to base the percentage upon a constant portion, say 10%, of the base ‘ 4 
of the distribution graphs. _ The effect of selecting the proper length of base 
lines becomes much more pronounced when this method is used. For instance, 4 


o peak percentages based on 2.5-min intervals are 4.0% for Base Line a and 


on 


pper Basin 


Co 
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Bent Creek 


sin 5 


8 


| 


80 100 160 
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= 4.4% for Base Line b, Fig. , 2(a). Based on an hace ‘equal to 10% of the 
length of bases, the peak percentages are, respectively, 43.6% and 31.9 per cent. 


The « difference i in the e first case is 10% and i in 1 the latter case | sbout 357% epee é = 


i practical value, the comparisons were all based on such intervals. in 


_ Application of the Pluviagraph —The pluviagraph i isa hydrograph of 100% =f 


/. surface run-off prepared by distributing | a rain or a series of | rains according to 


a the ordinates of the distribution graphs. . It is assumed that each unit storm \y 4 


produces a unit | hydrograph, although other subsequent o: or -sueceeding rains 
or may produce overlapping graphs. Then, since a distribution graph shows the 
‘successive periodic surface run-off contribution of a unit hhydrograph, each 


a portion determined by the successive percentages of the distribution gra: . 


—_ that rainfall which falls at a rate te greater than the infiltration re Bs: 4 


Pe 


» 


|) 
— 
ae For this reason, and because the peak percentage based on a definite time 
interval may be translated into rate of surface run-off and th ore has real 
Be 
pluviagraph values to produce an actual hydrograph of surface run-off. 
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VA 
‘The preparation of pluv iagraphs | has been described elsewhere. 
The e selection of the time interval into which the distribution graphs are divided 
must be made arbitrarily. Lengthening the interval shortens the labor Int 
involved in computing the pluviagraph. The length is limited, however, to « ys serie 
a unit of time as will give a smooth and correct | curve. For example, 


oa Basin, with a water-shed area of 89 acres, _ whereas a ‘15-min interval 2 
produced sa results; 15-min n intervals were also used for Stream No. 
_ Coweeta, which has a water-shed area of 145 acres. In the case of Stream 4 
: Rss 3, Bent Creek, which drains an area of 10.8 acres, 5-min intervals were used, 
The division of the continuous precipitation into individual r rains or unit 
"storms requires considerable care and usually some In 
general, the rain was divided according to changes in intensity. However, 
if any rate of rainfall continued for too great. a time, it was found r necessary to 4g ‘ 
break it up arbitrarily into parts, especially if the rain was of low intensity. 
In the case of Copper Basin 2, and Coweeta 7, a half-hour was found to be an ee 
: er unit of time into which to break these rains - However, on Stream > 
2 No. “8, Bent Creek, much we the rain was broken down into 5-min intervals. = 
er several trials on each 


4 which it may be seen that the a actual hydrograph i is quite faithfully eel 


4 _ ‘These pluviagraphs would seem to be conclusive evidence that the unit hydr 4 
Run-Off Coefficients and Infiltration Capacity. —In every case where 
pluviagraph was prepared for a relatively. intense series of 1 rains, during which | 
a surface run-off was continuous, it was found that the percentage of the rainfall e 
discharged as as surface run-off became | progressively greater du during the course 
of the rain. This may be observed in Fig. 8. _ The values plotted are th 
pluviagraph data reduced by some constant percentage. The percentage 
chosen for each graph was such as to bring the pluviagraph ini into the region of a 
the actual hydrograph. The percentage value used is always too g great at the 
_ beginning; it becomes correct sometime during the course of the storm; sn 
the value is too small near the end of the : storm. It is indicated, therefore, 
“a that the infiltration capacity decreased during the course of the rain. Graph 


quantitative changes in infiltration capacity, | or 


% correlations in following pages are ‘based on 
rainfall and do not specifically take rainfall intensity into account. Although 

a it is recognized that intensity of rainfall has an important bearing on t 

th that becomes surface run- off, the intense rains are usually 
is 
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In the first place, the determination of mean rainfall intensity for a | given 


pes series of rains often leads to a distorted result, dependent upon how much of 


ee the rain is taken into account. Furthermore, it is difficult to include antecedent fl _ ™ 
 painfall in a correlation involving intensity rather than quantity of rainfall. 
In order to determine, quantitatively, the variations in percentage run-off, 


the percentage which brought the pluviagraph into practical coincidence with _ a 
the actual hydrograph was determined for each significant peak during a oe is 

course of surface run-off. This was then related to the quantity of - 

which, according to the pluviagraph, had had an opportunity to be. converted 

Z to run-off at ed time when that coefficient was applicable. In Fig. 9, each 

group of connected points represents such a series of Te rains during 

1. _ Four of such series are plotted for Stream No. 2, Copper cai in Fig. oe), -— 
together with a number of points from individual rains. It will be | seen that _ 
there is a definite relationship between accumulated rainfall and percentage _ 


E of surface run-off, despite the fact that rain intensity and previous saturation — aN 


are not considered. 5 It will be noted that points plotted for the storm of Za al 


ss April 5 and 6, 1936, have higher percentages than for the preceding storm of 


_ April 1 and 2, 1936. Undoubtedly, the first storm had an appreciable effect _ 4 


» 
7 


on the one, ‘if “this: could be taken into account, the two curves” 
‘ _ would probably come near to coinciding. a As the study of soil moisture and 
: pa its effect upon surface run-off is advanced, this may become possible, but - 
_ the present it is more important to Tr the range within which the —s 
42 Fig. 9(b) is a similar graph for Stream No. 7, Coweeta. It will be eae 
that the trend is noticeably different in this case. The effect of previous — 
saturation noted for the two April storms may be seen again for the same pvens 


J be _ Three sets of wen in series, and a number of single ones, are plotted 
for Bent Creek 3, in Fig. 9(c). The series of storms occurring on January 


1935, is a good example of the rising percentage of surface run-off. 
time Rain No. 1 occurred, 1.72 in. of rainfall had fallen. Since run-off 

. was intermittent to this point, the previous rainfall was not considered in 
plotting the points. The intensity of rainfall was relatively low throughout 

3 this rain. The fact that these points lie i in a lower percentage range than ae ig 


main trend would indicate that intensities of rainfall have an important effect © if @ 


in water- “sheds of this nature. More evidence of this i is found i in the series - 
‘tains occurring on April 6, 1936. Rain No. 3 of this series was a much less~ 
_ intense shower than Nos. 1 and 2. It may be seen from the graphs that the ‘a 
percentage of surface run-off has dropped back for thisrain, 
on Thus far, no mention has been made of the length of time in which a build- aie 
Up in the coefficient is sustained after the end of surface run-off. In he . <S 
US it is interesting to consider Rain No. 4 of the series just mentioned. ee by 


In Fig. 9(c), ‘Point 4b is plotted according to accumulated rainfall, whereas ¥ 


4a is Plotted to the rainfall that produced its run-off. 


— 
ted with quantity of rainfall, the intensity will be taken into account ‘4 
be 
. 
= 
a 
‘ 
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UNIT HYDROGRAPH 
is lying between these two would fall j in line with the guanael trends: % 
break i in the continuity of surface run-off of 1 hr occurred between this rain 
and Rain No. 3. ~ Although Rain No. 4. was nearly equal in amount and 
~ Saae to Rain No. 3, the percentage of surface run-off is much smaller. 
‘Surface detention may account for some of this difference, but the following ra 
considerations indicate that its effect could not have been great: (1) The slope 
is relatively great and erosion has advanced to such a stage on this water-shed a 
4 that actual detention in the form of f puddles o on the ground must be very slight; : 
a and (2) in the several hours intervening between the rains, the relative me 
remained at nearly 100%, so that practically no evaporation occurred. — There- H 
_ fore, the quantity of rainfall previously intercepted and held by the vegetation 


had not been depleted, ‘and detention from this source may be practionly gi! 


an 


(d) STREAM 


NO. 7; | 
jan. 9, « 
1936 


998 
ated. The conclusion may ay be drawn; then, that the infiltration capacity aa 
increased considerably in | the “space of 1 br despite the 1.60 in. of rainfall 


Another illustration i is f urnished by the rains of September 5 5, 1936 . St Surface 


half to 1.5 hr between all of the rains s except Nos. 4 and 5. ~ For illustration, — ’ 
4 Point 6b was plotted according to accumulated rainfall whereas Point 6a was 
plotted according to the actual rainfall. . Since Point 6a falls into line with 
eee the other points, it appears that the effect upon infiltration capacity of the 4 
previous 1.10 in. of rainfall is completely goneinl.Shr, 
Pe. _ Five heavy rains occurring in the period from April 2 to April 9, 1936, on 
- Coweeta 7 are plotted individually in Fig. 9(b). Breaks in . the occurrence a Be 


a surface run-off between the successive storms were 29, 28, 32, and 13 hr - 


may be s seen that the points pvr individually fall quite well in line with ie 


_ the general trend, which indicates that these rather heavy rains had little ot 
‘no effect on the surface run-off coefficient of those following. “| 
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for each stream in Figs. 9(a), 9(b), and 9(c) are all com- 

‘ined in Fig. definitely distinct trends of the points for the ches 


If such a series were prepared f for a sufficient 
streams, covering a enough range in area, cover type, slope, etc., the 


4 resulting information would be of value to the practicing engineer, as well as 


| __ being an important step in the accumulation of a basic knowledge of surface x vg 4 : 
run-off phenomena. It would give the engineer definite limits between which aa 

af the coefficient could be expected to vary for a given type of water-shed. If x 


- predict, far more accurately than he could by the use of any empirical formula, 


. he were then able to choose a representative distribution graph, he could 


+4 
the: run-off to be expected from a given quantity of 
ay Connected Points Represent 
Series of Rains During Stream 7, 

Mich surtace Runoff 


Rains of Sept. 5.1935 


Rains of April 6, 1936 ‘| 

pra 


nit 


BENT CREEK COMBINATION OF FIGS. 9(2), 9(6) AND 
= It will be noted that no attempi was made to separate winter and summer 
rains in the foregoing correlations. A similar study on northern streams would 
" undoubtedly require such a separation. Furthermore, although the indications 
z= that the effect of previous saturation on infiltration capacity is negligible 


on these - water-sheds, it is likely that in other locations this effect may le ; 
value of a series of investigations ‘determine run-off coefficients 
_ under varying conditions cannot be over-estimated. It is ; extremely desirable 
a that data collected from different ‘sections of the United States be gathered 
analyzed to show the effect of soil structure, topography, vegetative 
cover, temperature, ‘and other water-shed and rainfall factors on the surface 


-Tun-off coefficient or infiltration capacity. 1) OF 


I 


Tm Use or THE Unit HypRoGRAPH IN Fioop Fiows 
a The design of so many structures depends upon a knowledge of the maxi- : 


‘mum rate of run-off to be expected from a water-shed that any method that 


@ more — of this quantity must be of in- 
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= 7m estimable value to the en neering profession. The unit on aph method — 
gi grap 
ao possesses several advantages over other methods usually employed for this 
ast | purpose. — First, this method permits the engineer to estimate not merely the i 


determined for any desired time interval. It when pacvides. a flexibility 
that is not provided by any empirical formula. Third, the quantities involved — 
ce in computation by this method have physical conceptions which are familiar 4 


: to the engineer. No empirical formulas with vaguely defined constants are 
involved; the physical characteristics of the water-shed have a straight-forward 
bearing on the computations. _ Finally, the method lends itself easily to the Y | 
determination of the quantities involved—namely, percentage of 
(4 volntel appearing as surface run-off and the shape of the distribution graph. ie 

3 An outline of the procedure that can be followed in estimating the flood a 


dow from av water-st -shed for which no records are available follows: 
\" —@ A A complete knowledge of the physical properties of the water- ater-shed Pi 


‘must be e secured. Specifically, the size, shape, topograph y; “soil type, and 
Mies of the vegetative cover must be determined. In areas where the — 
underlying geologic structure radically from Place to place, it is 


(2) Collect all the available flow, rainfall, and water-shed data 


‘similar drainage basins, from the same region. 


(a) Study the physical of these sheds in relate 
~ the shapes of their distribution graphs. - Correlations in the nature of Bis 

"i - those illustrated i in Figs. 5, 6, and 7 would reveal the desired information. me 
Determine the position of the water-shed in question with respect to those a 
used in the correlation as defined by the physical properties of the water- 
shed. The shape ‘its s distribution graph is thus also defined within 

reasonable 
= (db) Determine the range of variation of run-off coefficients. The uh 


accumulation of all the available data in graphical form as illustrated in 
“Fig. 9(d) would show the variations of this with 
would the selection of a maximum n value. ows 


might ‘be ‘to on the being ‘studied. 


by applying the coefficient determined i in Item (2b). hydro- 

graph of surface run-off 1 may now be constructed by apportioning this quantity 2 

— to the figures of the distribution graph selected in Item (2a). o-ii ae 
_ Where flood estimates are to be made on a water-shed for which ‘some 4 
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piled is evident that the determination of the maximum flood becomes 

dependable as the number of available stream-flow and rainfall records 
bt creases. _A great mass of such data has been collected in the United States, — 
. but its usefulness is limited ‘until it is brought together and analyzed in a 

systematic manner. Furthermore, for very small water-sheds, average daily — 

discharge records of a stream are of little value for any type of stream- flow 

analysis. It is necessary that records on such streams (and likewise the a 
. rainfall records) be continuous, and that they be available as such to permit 
= 3 their | utilization in the advancement of the knowledge of stream behavior. blo 


_ The preparation of unit hydrographs and distribution graphs for twenty- m3 
two small streams and 1 a study of the their relation to the corresponding rs rainfall — 

and water-shed characteristics have served to reveal some of the “natural = 


(2) The water contribution may ‘separated ‘surface 


run-off with considerable assurance in the case of hydrographs resulting anil Fs 


(3) The unit hydrograph i is an important aid in the separation a ground- - D 
‘water contribution | from surface run-off i in the case of a complex ‘hydrograph = a 


produced by a ser f hed 
(4) Any rain that is sufficiently intense to produce surface run-off will 


‘produce & unit , hydrograph if if its duration i is equal to, or less than, the period — 


(5) The period of rise is a of the water-shed and i 


og the time required for the major portion « of the water-shed to release its accumu- 
(6) There is a definite correlation between the shape of the distribution gf 
me (7) The reproduction of known flood hydrographs by the use of the e pluvia- ns 
graph provides a method of determining the variation of run-off coefficient or | 
infiltration capacity on a water-shed the of surface r run-off ; 


att study has lines ‘investigation that should be 
conducted to strengthen some features of the unit hydrograph principle and - 35 
_ to provide a s background o of experimental data upon which to base its application — 
in flood-flow prediction. studies which it is be 


_(). An intensive examination of of the variations i in stream n levels sa at : 
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ONT 
basis for separating flow from surface An 
study on only a few water-sheds would provide data upon which to base the _ 
- PH (b) A study to determine whether a composite or average depletion curve 


(ce) An investigation to determine the influence of rainfall and waterdiil > 
upon surface ce run-off coefficients. (Such a study should a attempt 
“1 3 isolate and show the effect of various factors such as size, shape, and slope Ke 
of the water-shed, vegetative cover, cultivation, air temperature, duration and — Pe) 
of rainfall, antecedent rainfall, ete. The results would “provide 
basis for estimating the coefficients in cases where no discharge or rainfall Be) 
_ records are available, and would indicate how changes on the surface of th 
a (d) The preparation and systematic analysis of distribution graphs froma ee 
large number of streams showing variations in the shapes | of the graphs with . 
~ relation to water-shed characteristics. The knowledge provided by such an sy 
investigation in conjunction with a known surface run-off coefficient would — 


4 permit the construction ms flood hydrographs on on streams where no discharge oe 


am i “Michigan, in 1937, in sential fulfillment of the requirements for the degree of 3 
Doctor of Philosophy. The work was first revised under the ‘direction of 
‘members of the Department of Civil Engineering, with the special aim of ee 
making it a useful contribution engineering literature. The study i is based 
on n unpublished 1 records of rainfall and stream flow pithidrel by the Appa- es 
lachian Forest Experiment Station, U.S. Service, 
writer was formerly associated. 
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i of {the unit hydrograph principle i in eee rainfall and run-off records yan 


4 respect size of area to which the is applicable, from the 
block as demonstrated by W. W. Horner, M. Am. Soc. C. E., and F. L. Flynt, | 
— Assoc. M. Am. Soc. C. E.,® to drainage areas of several hundred square miles, — 
and larger, as demonstrated by o other investigators. Although the paper 
quite complete, the writer would like to discuss several items with the hope of “a 
the value of the paper as a guide for further studies. 


‘The author has established @ procedure for ‘separating ground- -water and a 


i *- sub-surface storm flow. On larger basins the unit hydrograph crests for _ Ce: 

large floods are frequently higher than the crest values obtained for small floods, 

f and this is due in part to the difficulties encountered in handling true surface a 

run-off, sub-surface storm flow, and ground-water flow. 

From the statements on the separation of surface run-off f rom ground-ws water, Z 

2 it appears that the author’s procedure includes, with the ground-water dis- 
+ charge, most of the sub -surface storm flow which has d the surface chan- late 

oof all sizes, it would e eliminate the eee d to consider sub-surface storm flow in 
‘connection with w unit hydrographs. Since sub-surface s storm flow would become — 


_ nels within the confines of the basin. If this could be done for floods and basins afi 


J “sion 0 of the former with run-off from the ground-water zone would explain th the 5: 
author’s conclusion that the rate of ground-water contribution increases as soon ¥ 
ae The writer believes it possible that for a short period of time the ground- os “= 
P water discharge may actually decrease at a greater rate following the occurrence 
of run- off than before. some time near the occurrence of crest discharge 
:: ground- water ‘discharge begins to increase and then en probably follows a a “ 
2 to that described in the paper. As shown by Mz, Brater, the actual ae , 
transition would be smooth, Tegardless of its exact course. However, in 
“tical applice con 
4 application to different basins by the use of phen colght lines rather than igus 
a The author has. concluded that the period of rise of a unit hydrograph i - 
independent of the duration of rainfall so long as the duration of rainfall does 
not exceed the period of rise. This i is contrary to results obtained from larger kes i 
a drainage basins, and there are several indications that it may be erroneous for a a 


There i is usually a period at the beginning of rainfall during which no run-off Vs ‘Ss 
and the rainfall in this interval is often referred to as initial loss. The 


Be Ps Central Office, be 8. Weather Bureau, Washington, D. C. 


ij 
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ban Areas,” by W. W. Horner and = 


: “4 in on na duration of initial loss should be subtracted from the duration 
4 of the storm to obtain the duration of the surface run-off producing rain. ‘The 
latter period of time is the duration of rainfall that should be compared with cd ; 
the period of rise of the resulting discharge graph. tw figs 
Although the writer’ s experience has indicated that values of initial loss are : 
3 usually smaller in the Southern Appalachians than for areas farther north, it 
_ is believed that such an adjustment to the values of rainfall duration in Table3 
Bo would reveal a closer relation between duration n of surface t run-off producing _ 
Table 4 gives the apparent period of rise, BP, for the distribution graphs of 
Figs. 3 and 4 as ‘scaled from the diagrams. There Tay | bes some errors and aS 


ta 


a some bition between duration of rainfall and period of r rise it 
‘hy believed the relation would be more Pronounced if periods of initial loss were BS 


TABLE 4. —COoMPARISON OF RAINFALL DURATION AND PERIOD OF RISE cs 


shoal al | Basix; P = 38 Moe 


April | July | August | August | August — —_ July May, Fr 


; a | 24, | 12, 19, 24, 28, 5, 
1935 | 1936 | 1936 1936 1936 1935 1935 1935 198 


Dusticn of rainfall, in minutes........ 42 | 35 25 75 
Period of rise (from Figs. 3 and 4), i in ry wh 
103 | 53 110 


Ba, Fa ‘The best evidence that the unit of time used with unit hydrographs has an 
at tie appreciable effect on the results and that the unit should be considerably i 4 
_ than the period of rise is given by the author under the heading “Applications ' 
| of the Distribution Graph: Application of the Pluviagraph.” It is stated tha 


_ the interval or unit of time for the distribution graph is limited to such a length a 
q 


that the computations will give a smooth and correct curve. ‘i These same con- 2 s 
- ditions undoubtedly controlled the break-down of the continuous precipitation z 
- into units of time. im To accomplish this the author has used a unit of 30 min 2 


- for Stream No. 2, Copper Basin; yet the period of Tise is given as 6( 60 min. “ _ The 


unit of time adopted for Stream No. 7, Coweeta Basin, is 30 min, and the period i 
of rise is 60 min. The only other values given in the paper are for Stream No. 


3, Bent Creek, for which the precipitation unit of time is 5 min, and the period 


‘The e paper includes a very interesting discussion and illustration of varia- — +3 
in run-off coefficients. In considering the use of the  pluviagraph to study 
the continuous variation in run-off coefficients (assuming the procedure is the 
i oretically correct), it should not be overlooked that the factor obtained by — 
a dividing an observed rate of — the pluviagraph 
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is not the true run- -off and rainfall ratio for: any particular unit period ” ‘ae 


dividing the rate by the pluviagraph rate is the weighted a average 

of the actual ratios for the various unit periods, parts of the rainfall of which — 
have been combined to obtain that particular pluviagraph rate. This ~~ 
does not necessarily impair the usefulness of the ratios between discharge and 

a pluviagraph rates for comparative purposes, but it should not be diregrded a 
when correlating the ratios with actual physical data. te 
ba The author has made an excellent analysis of what is undoubtedly a com- at 
prehensive collection of data. The availability of data such as those used in ae 
= the analysis, and those being collected at numerous other experimental areas, es 
suggests that it may not be long before the oft-heard statement decrying the _ 

_ lack of data must be replaced by one emphasizing the need of competent — 


LeRoy K. SHERMAN, 10 0M. ‘Au. Soc. C. E. (by letter)—A careful analysis 
of unit hydrographs, derived from good rainfall and run-off data, has been made | 
| by the author. He has demonstrated conclusively that the unit graph method Z i: 
4 is applicable to small areas. In his earlier work with the unit graph, the , ‘a 
writer dealt with 24-hr total rainfall records. Consistent graphs, which _ 7 
~ neglected rain rain intensity dnd distribution, naturally could not be fo found unless a) 
7 the area was large - enough to furnish time of transit and channel | storage rage 
sufficient to “iron out” the effects of changing | rain patterns. When recording 
- gages are used, as in the author’s examples, consistent results will be found on ha 


both large and small areas. It has been found that: 


a his (a) ‘The anit of time must be less than, and preferably. a fraction n of, any MAS 


The unit graph, or the peroentage distribution graph, on the larger areas, 


|: 


for the unit graph. at Both are correct. In cana, for run-off estimates, 
he type of graph is selected which is best suited to the given rainfall potters 


- assumed that the author has located Point 4, on the tail of the hydrograph, by ® 7‘ 
actual field. observation. is, Point 4 is the observed time when all material 


a ‘overland flow into the stream has ceased. The writer is of the opinion ror 
_ many base e flow lines : are drawn for flood hydrographs which show too great ae 


increase in base flow during the period of surface run-off. ‘4 Many cases have 


- deen found in which the base flow was actually negative. — This is due to bank ie a 
_ storage of water a infiltration at overbank or high stages of the stream. ) a 
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a ss tion or bank storage must become sufficient to’ raise the ground-water table, ey, 
The correct method of solving the problem on an experimental area such 
i 7 this is, as the author suggests, to have observation wells placed along ' the ei east 
of the stream for measurement of the ground-water outflow profile. ay 


would have been more usef ul had he applied his work to infiltration ee 
instead of run-off coefficients. + -Run-off has no definite relation to rainfall, since 
it is rainfall minus infiltration and other losses. Considerable study and 
investigation have been made on infiltration capacities and loss rates." 
_ time has come already when such loss rates can, and are, being used in  engineer- 
al 4 ing practice for e estimating run-off from rainfall. L The use of these infiltration — SS 
- capacities or loss rates gives far more accurate results than can be obtained by — je 
oe the most qualified hydrologists i in estimating, or guessing, at the coefficient of ba : 


— ‘There i is no run-off unless the rainfall has an intensity greater than ee 


= 


_ Mr. Brater has made a careful study of run-off coefficients. This study _ 


mistake to “leave intensity out of the picture.’ The : author is adhering to an 
old procedure which is fundamentally erroneous and rapidly becoming o obsolete, 
ail Asan illustration of the infiltration method, Table 5 has been compiled from, s 


rage tra- Duration of 
6/12/36 Fig. 2 


furnished by the author. average infiltration capacity in ‘this table’ xf 
was computed by the direct method, which is premised on the fact that the a tile 
a volume of rain excess is practically equal to the volume of observed surface a Oa hac 


a run-off. Note the consistent decrease in infiltration capacity with duration of the 
eg uae rainfall. The absorptive capacity of the initially dry soil is greater - the 
than the more saturated soil. ‘The average infiltration capacity, following 
excess rain of more than one or two hours duration, will be. only a little greater sta 

When applying ultimate ‘infiltration ‘eapacity to ¢ given rainfall, for the 


q nitial loss rates. The writer is of the opinion that the author’ 's procedure of 
q a ae utilizing the pluviagraph (Fig. 8) to determine variation in run-off percentages e- é a 


can also be used to ‘determine the changes i in initial loss rates. 
It is pertinent to note that the forested basins used by the author represent 


an an extreme limit of low run-off and high infiltration capacity. ' This is illus- 
1G 
i trated by the following derived ultimate infiltration ‘capacities ees ic, 


“Surface Runoff Phenomena,” by R. Horton, M. Am. Soc. C. E., Bulletin 101, Voorheesville, 


N. Y.: aleo Transactions, Am. Geophysical ion 1936. p. 302; 1937, p. 371; and 1938, pp. 430-436. 


of ‘deriving the volume of run-off, it is frequently desirable to know the 
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Bethany, 


Colorado Springs, Colo. 
Copper Basin, No. 1, N. 
‘The flat lines of “mass surface run-off” in Fig. 8 indicate the high rate of ae a 
infiltration « on Coweeta No. The writer has replotted the Tun-off for 


: and Infiltration Capacity a) “The conclusion ma y be aon’ then, that the BS 
infiltration capacity increased considerably in the space of 1 hr despite the es 
1.60 in. of rainfall immediately preceding.” This conclusion was based on — 

- the data from Bent Creek 3 which indicated that the run-off from Rain No. 4 
~ was about one-half the run-off which resulted from Rain No. 3, although the . 
_ two rains were “nearly equal in amount and intensity.” The question may ae 


~ be raised logically: Can the infiltration capacity of a water-shed be increased 


> infiltration capacity of a water-shed. The same ) result would occur if : 

the soil were very dry with all the interstices filled with air, if the first rain eH 
a the second a slower, steadier The 


been out by the first rain might bring an apparent increase in 


-water-shed as the ground saturated, finally reaching 
“Las 


_ It is possible, of course, that during the mee upon 1 which. the author > 
dung hie conclusion the layer of soil was in a frozen or semi-frozen 


rainfall intensity with the other observations. Mr. 


Junior E 


A 
— 
— 
— 
— 
M shows clearly the relation of run-off to the intensities of rain in ad ~~ a a 
G. Kazmann,” Jun. Am. Soc. C. E. (by letter)—Asecondarycon- - 
dusion advanced in this interesting paper is worthy of some attention. After 
| — 
a 
— 
— 
2 
— 
e in-between month, anyway), there is another possibility implicit in the data ee ah — 
collecting methods used in the observations, _It lies in the failure to correlate 
x= 
ugr., Ground Water Div., U. 5. Geological Survey, Washington, D. Cc. wit 


he Distri 
quantity of rainfall and do not specifically take rainfall intensity into 
account. Although it is recognized that intensity of rainfall has an 
important bearing on the percentage that becomes surface run-off, the 
ie intense rains are usually large ones, and therefore, if the run-off coefficient —— ms P 
i or the infiltration capacity is correlated with quantity of rainfall, the 
intensity will be taken into account somewhat.” 


this statement, it is not difficult to surmise how a questionable 


conclusion concerning inetenned infiltration capacity might have been deduced, 
2 _ ‘From the rainfall records the quantity of rain and the total time of each of 


a 
eight water-sheds), it ‘probably « did not receive a recording gage. 


the first rain was “spotty.” Periods of light precipitation 
irregularly with periods of very intense rainfall. The rain which 
he followed (Rain No. 4) was probably steadier and had fewer shale of intense 


wee 


pis not enough recording rain gages to go a (five recording gages | versus. . 


oe precipitation. Without recording gages, unless an an observer was on the water- 
during the rains, this “fact’’ would be unknown. By simply iividing 
apes the total quan ntities of precipitation by the periods of time involved, it would 2 
SEPT: that the intensities of precipitation were the same, whereas, although — 
: fo intensities were nearly alike, the actual intensities differed widely. ee 
i: Assuming that the picture sketched is correct, the phenomenon was ‘observed = Ss 
= correctly but an incorrect, possibly too hasty, conclusion was drawn. The — x 
=. from the second storm was less, chiefly because the rain, in general, 
‘was more evenly distributed and did not come down in spasmodic torrents. — ye 
= This more gradual rainfall gave the soil (eroded and wet though it was) sy 
better chance to accommodate the rain—that is, the ‘rainfall could id infiltrate 
Watpo E. Sarr," M. Am. Soc. C. E. (by letter)—The author is to be 
commended for undertaking the task of determining distribution graphs for 
2a twenty-two small water- sheds, attempting to analyze the results, and to 
a = demonstrate applications. He has shown that the unit hydrograph principle ae 
ik Tal is applicable to small water-cheds, as well as to large ones, with probably about ay 


7 = the s ‘same_ general | limitations. The distribution graph has justly become 


kit of the hydrologist; but it should 1 never 


nl recognized as a handy tool in the 


; one should be aware of its shortcomings and inconsistencies, aia should not a 
expect too much refinement from it. For instance, it is self-evident that a tank 

ga of giv en size and outlet requires a longer time to become empty if it is full than 
x: bi if it is half full. It is likewise reasonable to expect that a channel full of surface y 


-Tun-off will require a longer time to be drawn down to water flow than 4 
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(come compensating to an ‘unknown can be made if water flow 

is large or small, or if if the average stream velocity i is small because of overbank 

flow, or high because the stream is just at bankfull stage. io. 4 

ae: The writer is unable to share the author’s optimism with regard to the con- i 
clusiveness of all of the points stated in the ' “Summary,” particularly the items — 

; referring to the relation, or lack of relation, of duration of rainfall to the period 
of rise . Possibly it is is within the inherent accuracy of the method, on small 

-water-sheds, to assume that within ‘the period « of rise the of rainfall 


=“ ‘sheds, ‘it is known that this cannot be done. _ However, to the writer, it does 
not appear that this assumption ean be made for water-sheds of the size under _ 
discussion, either in the instance of the author’ s data or in the case of os a 
similar data that the writer has available. rainfall of uniform intensity in 
excess of the infiltration rates continues for the ‘duration of the distribution 
graph, the period of rise will be found to be about equal to the duration or base 4 
i) of the distribution graph. Perhaps the b best test of the validity of the author’s — 
7 assumption on the basis of his data is a consideration of the period of rise. Mr. - 
_—-Brater does not discuss variations in this value, but if one may use ‘aes 
obtained as accurately as possible from the distribution graphs of Figs. 3 an nd 
ri then Tables 3(b) and 3(c) may be extended as shown in Table 6 (rearrang- e be 


in the order of duration of preci itation 
TABLE 6.—Suaczstep EXTENSION OF ‘TABLES 3(b) AND At 


fall, in in Date fall, in in 
minutes minutes 


Bastin Water-Suep; Srream No. 1; Cowzeta Warter-SHep; Stream No. 


8, 1935 2 || August 24, 1936 
July 5, 1935 ‘ad August 19, 1936 
21, 1935 July 12, 1936 
12, 1936 | 1. April.24, 1935 


the Copper Basin w water-shed there We, almost, a surprizing 
—— Telation: between duration of rainfall and viltod of rise; but if one examined 
_ only the first three of the Coweeta group, one might deduce that the period of e . 
one decreases as the duration of rainfall increases. It would have been in- 

teresting if data on mass curves of a and isohyetal maps for these storms 
e and areas had been included in the paper. It is possible that in the case of the - 
E~% /35-min rain on the Coweeta water-shed, the: major portion fell early i in the period, — 
s- or perhaps was heavier near the gaging station; but inasmuch as there is nearly 
= 150% variation from the minimum to the maximum period of rise, it is ob- 


a viously affected by various factors. The statement een: 


r 
— 


— 
a channel only partly full; yet the wi of base of the distribution graph is 
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on UNIT E HYDROGRAPH 
tics of the Distributio yn 1 Graphs” is an dunn of the pitfalls into which one 
Dy can be led by deductive reasoning. It is reasonable and rational, but it does 
____ _In spite of the summary statements on lack of effect of duration of rainfall — 
within the period of rise, under “Application of the Pluviagraph” the a1 author 
has acknowledged that for the production of the pluviagraph in which “each pal, 
unit storm produces a unit hydrograph,” the precipitation must be divided ee a 
E into periods shorter than the period of rise, and “that a 30-min interval was a 
n. _ too long * * * whereas a 15-min interval produced satisfactory results” for 5 is 
_ Copper Basin 2, with a given period of 60 min. If the author’s statement that 
duration of rainfall within the period of rise has no effect i is correct, i it should be de 
"possible to put the 60-min rainfall into one of the four 15-min periods into vie 
it was divided without effect upon the resulting 


eee 


The author has failed to give the lapse of time between the beginning of 
and the | beginning ‘of the. rise. The period of ‘the distribution graph 
should start with the time at which run-off producing rain starts. Is pea 
rainfall, as given, the total time or only that period 


ydrologic literature, distribution 


are published sO often, and that tables of distribution coefficients appear 
so seldom. |The author has set forth coefficients in Table 2, for which he ae 


_ Licxine River at Toxoso, 


ae 


Precipi- 


Bis 


June2l 
December 17 
(1938) 

March 13 


S 


NO 


@N 
*@ 


Se 


OR 


- 


0.5) 0.4 0.3 


= 

vO, 


inches. t Precipitation heaviest ir in the south-southeast. Precipitation heaviest in the south- 
east. § Precipitation heaviest in the ponte part. | Precipitation heavier in the ae 


coefficients in tabular form much more readily than from their graph 


ty a Table 7 shows. Furthermore, a a distribution graph as such has no direct use — 
= unl ess it is in block form as suggested by William ‘T. Collins,“ Jun. Am. Soc. 


os = > = “Runoff Distribution Graphs from Precipitation Occurring in More Than One Time Unit,” ant 
-William T T. Colina, Engineering, September, 1039, 9, p. 550. 
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it is plotted as a line connecting hen points representing 
“coefficients, i in which case its shape and consequent physical significance are lost. 
wt Fig. 6 is particularly good in | demonstrating, within a given region and es 


run-off. _ Fig. vi is likewise very good; but as the suggests, ‘values 


a 
7 


gurface run-off and the resultant width of base of the distribution x! The 
a graph shows the probable trend of the effect of cover, but because so few data — ait 


are given on factors such as slope and shape, it is not conclusive. = | 
Mr. Brater would have done well to have extended his studies for Fig. 9 

_ one step further and made determinations of infiltration rates. His statement 
under “Run-Off Coefficients and Infiltration Capacity’”- —“Graphs such as 


y 2 these ese suggest that the pluviagraph provides a means of tracing the quantitative 
< - changes i in infiltration capacity [rate] * * * during continuous rainfall * * *” 


= —is the most noteworthy in the paper. Had the durations of the successive a’ 
= ‘rains (in. excess of the infiltration rate) | been given, Few quantity of rainfall for a BY. 


Se “Iti is possible that rainfall intensities in some of the cases cited were just in 
a ‘i excess of infiltration rates, resulting in 1 the small percentages of run-off noted. * 
= & - . _ The reference to the shape of the curves of Fig. 9, as a key to the solution of — 


a water-shed problems i in general, calls to mind a study” which showed that 
oefficients for a given small water-shed, plotted against a quantity of ‘rainfall, 


Pal ia \ _ As for the use of the distribution graph for forecasting flood flows, this is 


4 already being done extensively for primary water-sheds and for sub-water- 

sheds in connection with the operation | of the Muskingum water-shed flood- 
wr control reservoirs in Ohio, as well as in the ‘Tennessee Valley, the State of a 
Pennsylvania,'* and elsewhere. Depletion curves of ground- water flow are in 

me te in many offices’? for determining ground- -water flow during periods of 
* On various water-sheds, there is about every conceivable variation of size, 


ow soil type, soil profile, soil condition, drainage density, cover, and a a real 
me and intensity of rainfall, many of which factors are variable with 


Tegard to time as well as with regard to location. These factors are further — 
thrown together in an infinite number of combinations. As far asempirical _ 
‘Means are concerned, in addition to the unit graph method and as adjuncts to He 

"ae ‘it, the methods described by R. L. Gregory and C. E. Arnold,’* Assoc. Members, © 


hs ar Soc. C. E., by W. W. Horner, M. Am. Soe. C. E., and F. bi Flynt,’* Assoc. be a 
M. Am. Soe. C. E., and others, are helpful. doll 
- 
fa ; Awd %“*Modifications of the Index-Area Arry le and the Anticipated Application of the Principle to Re 
River Flood Control,” | by Wal do Smith, Transactions, Am. Union, Part I, 
“Synthetic Unit Graphs,” Franklin F. Snyder, Jun. Am. Soe. | C.E., loe. cit, 1938, p. 447. 
“The Recession Curves,” by B. 8. Barnes, M. Am. Soc. C. E., loc. cit., 


Part Heid Seen p. 721; also, ** meeption of Run-Off Phenomena,” by F ranklin F. Snyder, Jun. ‘Am. 


in F. Snyder, Jun. A 
Run-Off—Rational Run-Off Formulas,” by R L. Gregory and C. E. Arnold, Transactions, Am. 
C.E., Vol. 96 (1932), p.1088. = MIT Wise 
and Run-Off from Small Urban Areas,” by W. W. Horner and F. L. 
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iy 
Attempts have been made to analysis of the 


- influence of each factor; but the great difficulty i is that it is not possible to ae 


study the-« effects of each one in in turn. Possibly the best hope for an anslytical 
solution is to plot run-off data with different slopes, soil types, cover, ete. , each 
plot being a relatively homogeneous, small area; and then, after determining 
7a the extent to which each factor enters into the heterogeneous water-shed, to aD: 
_ integrate, in effect, all of these values. - This has been done with success, to 3 
ae the writer’s knowledge, to the point that the e correct volume or total run-off has ir 

been determined closely. The carrying of this flow through the tortuous ways 
j _ of overland and subsurface flow, and channel and valley storage, to the ga gaging ie ‘S 
_ station is similarly under study with results, so far as the writer is apprised, as ve 
yet inconclusive. However, the number of variables involved and the evalua- — * 
tion of these variables even on a small water-shed suggest the difficulty in (and ec 


even the ultimate solution of the involved as 


the stimulating comments contributed by the various discussers. Some of 
discussions provide ¢ additional valuable data. Several points ‘of contro- 


yersial nature were raised and discussed, and the writer wishes to add his — 
views on these several points. Inj general, it should be said that the ie 
Was based on a study of tw sulia-4ere small southern Appalachian water-sheds. 
_ The results Teflect the influence of the topography, soil, and vegetation of : 


— 


may have to be modified if they are to be applied to other localities. 
‘The main purpose of the paper was to ‘study the application of the unit 
a hydrograph ‘to small water-sheds. It seemed desirable to keep the discussion, et 
- far as possible, in terms of well-known and accurately definable quantities. yi ae 
_ For this reason, | run- -off coefficiepts were used instead of the newer conception 
~ of infiltration capacity. > The run-off coefficient is simply the percentage ae 
- given rain which appears as flood flow in the stream. Its meaning is clear 


and straightforward and its value may be determined easily, within reasonable” 


ad Mr. Sherman suggests, however, that the paper would have been moe 


valuable if infiltration capacities had been used. He has computed the 
tion capacity by the direct method for a number of the hydrographs given in 


ar) 7 the paper and has presented tk the results along with values from | other parts of ‘ae 


writer does not. question that the i infilteation capacity as ‘defined 
= Robert E. Horton,’ M. Am. Soc. C. E. —namely, “The maximum rate a at which — 
2 a soil, when in a given condition, can absorb moisture”—is @ meaningful and $ 
3 soil characteristic. It should be however, that the 
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galled infiltration capacity by the the direct method is not the quantity 
- defined by Mr. Horton and does not have ar any real physical significance. This 
may be rather forcefully illustrated by considering the three values which < 


Sherman | has obtained for Coweeta 7. Tt will be shown that there was no 


9 


a stream n during a heavy r rain varies s from about 20 ft Pm a mere trickle, but - 
. gravelly bed of the stream plus the adjacent banks embraces a strip 20 to — 
; 9 30 ft wide over the length of the stream. _ Therefore, if all of the flood flow 
any given rain can be accounted for by 100% run-off from a strip 


‘§.1-ft strip barely for the actual area of the flowing stream, ‘80 there 
not possibly have been any overland flow. ed beduqatoo 


— 


<< 


Pa 


Similarly, rains of 3.98 in. on April 1, 1936, and 5.95 in: on September 29, me 

_* produced volumes of flood flow of 50 000 cu ft and 64 500 cu ft, respec- — 
- tively. . The widths of 11 1 100-ft strips from which 100% run-off would have to — Fis, 


- 


a = to produce these flood flows are ‘18. 6 and 11.7 ft for these two storms. 7 : 


aR. 


Since no overland flow occurred, the infiltration were simply equal 
a * rainfall rates, and the infiltration capacity, as defined by Mr. Horton, was i 
- reached; yet Mr. Sherman has computed values of infiltration capacity of — - 


ie the actual infiltration capacity of Coweeta 7 is more arr 5 in. . per br. 5 

Overland flow has never been observed from any of the heavily forested areas a 

Sd It would be highly desirable to be able to compute the actual — 

inGitration capacity of a water-shed from the rainfall and run-off records. 


One of the requirements necessary to approach this ideal more closely would — 


occurs. This would include the areas of the lakes and streams as well as al 
impervious portions of the water-shed. The result of neglecting t this factor is ae 4 
illustrated by the foregoing examples. Because of its variable nature, how- _ 
_ ever, it would be difficult to estimate, accurately, the area of 100% run-off. ye 
_ For instance, during a prolonged, heavy rain, not only does the area of the — 
permanent lakes and streams increase, , but this area is frequently sugmented 
ve bys additional inundated areas. The error introduced by neglecting impervious — 
&feas causes computed values to be too small. lo all 
| toa tt should also be pointed out that even if the impervious areas and the a” 
4 areas of lakes and streams were carefully taken into account, the infiltration _ y 
capacity computed by the direct method might still differ considerably from 
a the actual | infiltration n capacity. t - ‘This method of computation is based on the 
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P< 4 taneously into the flowing stream. This is not true, of course, since » most of 
this surface detention has an additional opportunity of infiltering for periods 
_- varying from a few minutes to several hours. — Therefore, an error is introduced, 
ie the magnitude of which depends on the variation in rainfall intensity. Another 
= af error which is inherent in this method of computing infiltration capacity results 
u from the fact that depression storage is included with the total infiltration. 
All water left standing at the end of rainfall excess, whether it be in tiny puddles 4 
or good-sized lakes, is slowly dissipated as evaporation or infiltration. This ae 
_ process may continue for a number of days, and yet the direct method assumes he 
all of this water | to have been infiltered the period of rainfall excess. 


= case of impervious water-sheds, residual, low- intensity rainfall 
which may follow the period of rainfallexcess. = | 
values computed by this method may be very useful quantities for 
some purposes. it seems highly desirable, however, to avoid calling them 
infiltration capacities since that implies that they represent the maximum rates — — 
ll which a given water-shed can absorb rainfall. For could be 
infiltration indexes or rainfall e excess indexes. yor 


b~ ‘corrected for initial lag. _ The initial lag is small on these streams, since ce 
stream rise begins almost, at the beginning of rainfall. The values g given 


_ Mr. Sherman points out that the shape of the distribution graph i is in- Se 
fluenced by the rainfall pattern. Mr. Snyder and Mr. Smith note that the ie 
period of rise is not a constant’ quantity. ‘These are pertinent observations 
because they emphasize the fact that the unit hydrograph is not a mathe- — 
+ _ matically precise method for predicting the nature of flood flow but simply “Tey 
one, | sufficiently accurate for all practical purposes. . The original 
7 study consisted of an analysis of seventy-eight storms on twenty-two water. 


sheds. The mean of the individual variations from the average period of rise : poe 
— on all of the water-sheds was about 25 per cent. Part of this variation is due ers 
* to the presence or absence of a small fillet preceding the main portion of Re 


hydrograph. The general shape of the hydrograph is not materially 


_ Mr. Snyder concludes that this variation in the period of rise is due.to the 
variation in the duration of rainfall. The writer indicated in the paper that 

: “e the period of rise tends to Temain constant despite variations in rainfall Lett 


ne careful comparison, by the writer, of the period of rise with rainfall duration 
on all 1 twenty-two of of the water- sheds shows no evidence of a direct relationship 
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q ween the two quantities. Mr. Snyder rightiully cites as evidehce OF 
_— * ect of rainfall duration on the period of rise the statements made by the ae d 
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rat 


to which Mr. Snyder re refers reads in part as follows | (see 
“Applications of the Distribution Graph: Application of the Pluviagraph” 


z a “Tn general, the rain was divided according to changes in intensity. 


wai However, if any rate of rainfall continued for too great a time, it was 


a found necessary to break it up arbitrarily into parts, especially if the rain — 


_ half-hour was found to be an adequate unit of time into which to ‘break 


The writer did not, however, intend to imply that periods greater than 30 min 
would not produce adequate results because periods as long as 130 min were 
2 bl 8 shows the manner in which the continuous rainfall records were 
a broken down in order to reconstruct the hydrographs presented in Fig. 8. @ 
Although it may not be completely clear, due to the small scale of Fig. 8, the ii 


e = was of low intensity. In the case of Copper Basin 2, and Coweeta 7,a 


FOR THE OF THE DISTRIBUTION GRAPH 


ty 


(a) Srorm or AND 2, 1936 FROM 
From 9:30 a.m. TO 5:00 am) lo 


Time at Dura- Precipi- Time at | 1 Precipi- | Time at Dura 
‘beginning " tion, in | tation,in| beginning i tation,in| beginning tion, in 


end | minutes inches and i inches d minutes 


w 


(9:45-10:15 | 


acs 


: 
: 


wr 
‘ ect 


|| 


intervals chosen correspond to changes in rainfall intensity. we The operation 
was performed without giving any attention to the period of rise. . Asa a result, 
there is no regularity in the length of time intervals. It may be seen from 
Table 8 that the intervals vary from 15 min to 135 min. Since the actual 


2 ~-Ipdvogpapbe « are quite faithfully reproduced by th the reconstructed ones, despite ae 


_ this variation in the length of interval, it appears that the duration of rainfall 
has only a minor effect on the period of rise. There are other factors which 
the length of the of Tise to vary. . The influence of the rainfall 


mar, 
“BRATER “UNIT ‘HYDROGRAPH 


ee between duration of rainfall, within the period of rise, and the length of the 
= period of rise: “that a 30-min interval was too long * * * whereas a l5-min _ 
interval produced satisfactory results.” It is only “ecessary to read, in ite 

- entirety, the paragraph from which this quotation was taken to realize that 

the time interval referred to is simply the result of the number of divisions a 

; ‘ate which the unit hydrograph was separated, arbitrarily, in order to compute — 

the distribution graph _ percentages. In reconstructing a hydrograph from 
rainfall data, these percentages are applied to the total rainfall to determine - 
_ the portion contributed to stream flow in each corresponding interval. These 
~ portions are are correctly y plotted as blocks having a width equal to the time interval 
“ and height equal to the average rate of flow necessary to produce the —- 


: or more of such unit hydrographs are superimposed upon one another. “There a 


can be no 10 connection between this ‘purely mechanical « or ‘drafting- board pro- 

Mr. Smith makes the following statement in his “Tf rainfall 


uniform intensity in excess of the infiltration rates continues for the duration a oe 
of the distribution graph, the period of rise will be found to be about 
to the duration or base of the distribution graph.” This statement is not 
a consistent with the meaning of the period of rise as ‘ond by the writer. The 
hydrograph described by Mr. Smith is the combination of two or more unit: 
hydrographs. _ Therefore, the rising part of the hydrograph consists of portions 
of two or more periods of rise, and should not be referred to as the period of rise. . 
i ea Kazmann states that a decrease i in run-off coefficient in the second of : 
two consecutive rains on Bent Creek 3 might have been due to variations + Fa 
rainfall intensity. The mass diagrams of rainfall for the two rains are quite 
ye i similar; therefore, it tis believed that t the d dry period c of 1 hr which separated 1 the — 7m 
= rains | permitted the soil to ‘regain. some of its capacity for the dena of 
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AM. Soc. E., , AND HARMER E. DAVIS? 


Ricnarp De JoncE, C. Hartmann anp Hout, AND 


RaymMonp E. Davis, GLENN B.W OODRUFF, AND HARMER E. Davis. 


ie An extensive series of tests on large r riveted joints is s described i in this paper, 
including variations in length, type of splice, plate and rivet steel, pitch, and 
; rivet pattern. n. The paper discloses the behavior of the va various parts under alll 
load and provides information bearing on design practices. It was found that a 
the usual assumption « of equal distribution of load among rivets is satisfactory nt 
> the design purposes, regardless of length of joint; and, that joints having as 
many rivets in the end row as in interior rows are as efficient as corresponding ay 
joints in which the net section is ‘supposedly protected by using fewer rivets in a 
the The Specifications commonly followed in the design of structural vineted eae 
are based largely on tests made at Cornell Univ ersity, at Ithaca, 
Ge Y., in 1904.4 The joints tested at that time were relatively small, having ro 
on. maximum of nine rivets | in either end, and were made of softer plate, and = 
steels than those now used even for “ordinary bridges and buildings. 


4 4 


eR a, at the University of Illinois, at Urbana, Ill, ., in 1911;5 but, again, there were 
rs. 
es a a) more than nine rivets in either end of the joint. Tests involving a larger 
Nora.—Published in May, 1080, Proceedings, 
1 Prof., Civ. Eng., Director, Eng. Materials Univ. of California, Berkeley, Calif. je 


‘Tests of Riveted Joints,” a report of Committee on Iron and Steel ‘Structures, Proceedings, 
R. E. A., Vol. 6, 1905, pp. 272-446. | 


§“Tests of Nickel-Steel Riveted Joints,” by A. N. Talbot, Past-President and Hon. M. 


Eng. Station, Bulletin No. 49, University of Illinois, 1911. 


oy 
— 
— 
— 
— 
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= of rivets have been confined almost entirely to short joints of the 


ad 


43 


= used in ship, and tank, construction.*-’ Experimental data on the behavior of a 
long joints are rare, although theoretical analysis indicates that i increasing the 

number of transverse rivet rows in each end above, say, results in 


i In connection with the the design and construction of the San ae q 


ae Oakland Bay Bridge, it was found possible, in 1934, to begin two g groups of 


: tests with the object of securing information on the behavior of long riveted — b 
«joints containing carbon and alloy steels ¢ and on related problems. , One group, a | 


consisting of fatigue tests of relatively small joints, was conducted at the ee 
University of Illinois. 8 The other group, comprising static tension tests eS : 
large joints, was conducted at the University of California; these tests are 
The program of static tension ti tests was planned tos secure information’ on 
_ the following points: (1) The strength of large joints containing as many as . 
twenty-eight transverse rows: of rivets; (2) The relative behavior of joints 
4 having rivets of carbon or manganese steel; (3) The relative behavior of - a 
ne joints having plates of carbon, silicon, or nickel steel; (4) The relative ) merit — 
of butt and shingle splices; (5) The partition of load among the transverse 2 
rows of rivets; (6) The effective net section of riveted plates; (7) Slip phenom- | Ac 
ena in large joints; and, (8) The proper design relation between tensile stress" : a 
in plates and shearing: stress in rivets. Throughout the tests, effort was made i 


a it sew THE Action or RIVETED Joints baw 
Asan aid to the interpretation of test results, it is desirable to review certain - Me 

~ general concepts of the action of riveted joints. These views are derived in a 
ag Part from theoretical considerations and in part from the results of these tests. he [ 

If perfect fabrication could be attained, the following conditions 3 would 

exist: (a) Plates absolutely flat; (b) faying surfaces in contact at time of riveting; 


(ec) holes matched perfectly; (d) at time of driving, holes completely filled by | 


abbreviation “kip” used throughout this paper denotes “‘kilo-pounds”; 


round each rivet. During cooling, owing to the effort of the rivets to contract — 


longitudinally against the restraint of the Plates, tension is developed in the Hs 
shank of the rivets. Lateral contraction of the rivet shank is caused in part ae _ 
by thermal contraction and in part by the Poisson-ratio effect due to rivet _ 
tension. The pressure between the plates caused by rivet tension results in a 
frictional resistance of the plates against slipping. dot 
a = The behavior, under load, of a perfectly fabricated, two-rivet joint ‘such 


= static friction prevents slip; in the second stage the load is greater than the 
_ static friction, and the joint slips until the rivets come into bearing; in the ey 


7 ie _ §**An Investigation of the Behavior and of the Ultimate Strength of Riveted Joints Under Load,” by a «a 
Gayhart, Transactions, Soc. of Naval Architects and Marine Engrs., Vol. 34, 1926, p. 
_-t*Tests of Joints in Wide Plates,” by Wilbur M. Wilson, M. Am. Soc. C. E., James Mather, and 
Charles O. Harris, Eng. Experiment Station, Bulletin No. 239, Univ. of Illinois, 1931. 
“Fatigue Tests of Riveted Joints,” by Wilbur M. Wilson and Frank P. Thomas, Eng. Expe' periment 
Station, Bulletin No. $02, Univ. of Illinois, 1938; see also ‘‘Fatigue Tests of Riveted Joints,” by Wie e 


to secure data as to the action of the joints within the working range. _ Pn 


rivets; and (e) after cooling, rivets c concentric with holes, with annular space 


that shown in Fig. 1(a) may be considered in four stages: In the first stage — a 


wire 


7 


‘Te 

| 


4 


ail 


thi 
| is i 
a sur 
In 
a 
— «i 
Ts 
4 
| 
g 
4 
| 
| 
x 
7 
| 
g 
— 
= | 
a 
— 


TESTS OF nIVETED 
third stage, rivets and plates deform elastically so that the load-slip witha is a 
-jinear; and, in the fourth stage, yielding of plates, rivets, or both, occurs until te 
ie either plate fracture or complete shearing of the rivets results. This behavior _ = 
aE is indicated by the diagrams of Fig. 1(b), which are reproduced from typical - + 
= 4 ~ results of pilot tests on two-rivet joints tested at the University of Illinois* 
ie connection with this investigation. The range of load over which Stage “9 
+: teenie’ is affected by the amount of friction between the plates. The friction 
ie depends on the tension in the rivets and the characteristics of the faying 
In Stage II, as sl creases the pressure 
between the plates and hence i increases the frictional resistance to movement. by 


vent 


ous 


BY. 


apart at the ends and affects the amount of friction. These actions, together 

- with the effect of non-uniform clearance around rivets, bending of the rivets, o 

and distortion where contact is made between plates and rivets, extend Stage 

-‘TLover a range of load and cause the load-slip relation to take various forms. 

‘Fig. 1(c) isa diagram of a joint with six rivets in line, showing the proportion - 

f load transmitted by the rivets and the partition of load between plates, — cla 


nieve 
by the “elastic theory,”’® which is based on the assumption that the 


__ ***Work of Rivets in Riveted Joints,” A. M. Am. Soc. Cc. E., 
Boe. C. E., Vol. 99 (1934), pp. 
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“TESTS: OF RIVETED JOINTS 


a puted on the assumption of equal load partition among riveth which may be — 
called the “rigid plate” theory. It is seen that by the elastic theory the end a 
rivets take a relatively high percentage of load. het 
In Stage I, load is transferred from one plate to the other by friction. or 
“ji Stage I ends when the load is sufficient to cause movement of the joint asa Ne 
_ whole—that is, when slip begins at the middle of the joint. This is shown by : 
Fig. 1(d) in which the load-slip diagrams are generalized from the results of 4 
- Although it is conceivable that the plates are in n close contact over their 
entire faying surfaces, it seems likely that, in actual joints, owing to quilting — 
action, the plates « develop effective frictional resistance only over 
small annulng areas around the rivets. These localized areas of contact may | 
be thought of as spot welds; and, in Stage I the load may be thought of as | oF 
transferred from one plate to another, not by actual shear in the rivets, but by a 


- these “spot welds.” The results of tests show that, barring "irregularities 
caused by imperfect fabrication, the stress distribution in the plates i in Stage I 
similar t to that computed by the: elastic ictheory, 
Under: either the elastic or the rigid-plate theory, at any section except 


the middle of the joint, the stresses in the two plates differ. Owing to the 
- difference i in stresses, the plates tend to elongate by unequal | increments, and bee 
therefore relative movements of the plates tend to occur at the ends, although Bea 
- slip of the joint as a whole has not occurred. _ As indicated by Fig. 1(d), slips i wae 
measured near the end of a joint having several rows of rivets ts begin as soon 
load is ; applied. Furthermore, the « end I are are practically 
In Stage II, slip at any section of a Sela inereases ata greater rate than Pad 
tobe . the action is similar to the yielding that occurs at higher loads. Fric- 
pleat resistance to movement probably increases due to the plates bing 
pressed closer together by the tilting of the rivets, and due to tooth action 
arising from roughness of the plates. The effect of this yield action in n Stage — 


:: wf II is to redistribute the load between the various rivets to values between those — 


calculated | by the elastic and the rigid-plate theories. As slip continues, the 


Hiveta come progressively into” bearing against the plates, and the load-slip 


ry 
relation changes as indicated by a reversal in the direction of curvature of the — a) 
‘slip di diagrams. In lap joints having four to six rows of rivets, Stage II begins 
at average rivet stresses of perhaps 10 kips per sq in., or less, and ends at aver- ne 

_ age rivet stresses of about 15 to 25 kips per sq in. © Thus, for the average riveted ei 

the working range lies largely within Stage II. > 

ue In Stage III, where elastic action takes place with all rivets in full bearing, — $e, 
“the ratio of end slip to middle slip is constant, as shown in Fig. 1(e), and remains ars 
80 until plastic action begins. Int this stage, the transfer of lh at rivets again fs 
tends toward that called for by the elastic theory. 
In Stage IV, yield occurs in the plates, rivets, or both; i slip again in- By 
creases more rapidly than load. At the beginning, this increase in rate 1s ig 
caused in over-riveted joints by yielding of the plate material, and in under ep 
riveted joints by of the rivets; ‘in case there i is no well-defined 
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TESTS OF RIVETED JOINTS” 


i other materials or structural members which may may not 
have a well-defined yield, often a “useful limit point” (U.L.P.) is taken as that — 
point on the stress-strain curve at which the rate of deformation is twice that oe 
lee the proportional limit. Similarly, for the under-riveted joints of this — 
_ investigation a load called the “effective rivet yield” (E.R.Y.) was taken as 
‘that where the rate of slip with respect to lo ad was twice that in Stage III. In P, , 
a balanced joint, there would be uncertainty as to whether the ian: att — a 


7 or the effective rivet yield i is reached first. aig in. Par 


been reached. rivets in these joints were in. in diameter. Measure- 
< ments of slip between plates at sections through the rivets indicated that — 
ca premature rivet failure occurred when the detrusion was about 0.3 in agi 
> aes seems logical to suppose that in Stage IV, while the steels are deforming 
plastically, the partition of load among rivets tends to become equalized. : ao 
- premature rivet failures caused by excessive strain cannot necessarily be 
interpreted as indicative of f higher- than- in near ends" 


oe the joints tested i in this investigation sheared before the maximum load had 


— 


There forty pairs of joints, are herein in 
as in Table 1. specimens are identified by a 


TABLE 1 OF Test SPECIMENS 


of an 


2 | lap th; 


F of seins; rivet steel; 


] 
shingle 1, and3 | Plates A joint; butt vs. 


series of letters and numbers. ‘The first letter indicates the test series; the 
second i is the initial of the plate steel (carbon, silicon, or nickel) ; and, the third 


is the initial of the rivet steel (carbon or manganese). For ASC 


en was 0 made equal t to the minimum expected strength of the rivets. a 
versely, when failure in the rivets was desired the maximum e expected strength a 
of the rivets was made equal to the minimum expected strength of the plates. .* 
‘The range in expected unit strengths, established from pilot tests at the Uni- 
versity of Ilinois,* is shown in Table 2. Table 2 also shows the working cen 
=. assigned to the various steels. Unless otherwise stated, the working load of a 
a joint is taken as that which piobine) the working stress at the net section of 4 


e plates, ‘even for joints designed | to fail i in a the rivets. rd In the design of the — 


h 


— 
q 
4 
q 
— 
 — = 
re shown in Figs. 2, 3, and 
steel rivets. The details of the the joints more than necessary, 
In order not to unbalance the design 
— 
5 
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Plates: Carbon,2"'x rer 
CCC23 X= 


Rivets: Carbon, 1" Diameter 


DCC23 
DCC24 X=4" 
DCC25 X=5" 

DOC26 


Plates: Carbon, $"'x 1'9"" 
Rivets: Carbon, 1" Diameter 
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TESTS OF RIVETED JOINTS 


. puting the area of net section, the diameter of the rivet hole was tubes as the 
nominal diameter of the rivet, gles} i in. In computations involving rivet shear 
— the nominal diameter of the rivet.was employed. 1. tiene 
‘TABLE in Expectep Unit STRENGTH, W ORKING STRESS” 


“twats User Srress, Kips Prr Square 


‘Range of Unit St ength: | Range of Unit Strength: 
Materials —The steels were rolled at the plant of the Carnegie- 
Illinois Steel Corporation to the specifications of the San Francisco-Oaklan 
Mig Bay Bridge, which were similar to the corresponding specifications of the ee ; 4 
t American Society for Testing Materials. of the materials for the speci: s 
met the specification requirements. The chemical properties of the steels were 7 
my as listed in Table 3. The yield strength and ultimate strength of the mill a a 


coupons from plates are given subsequently i in the showing ‘tha 


0.19 to0.24 | 0.23 to0.31 
291 to3.03 | 
0.027 to 0.035 | 0.020 to 0.028 a bal io 0.031 
0.028 400.033 0.031 to 0.047 | 0.031 to 0.041 
0.25 100.27 | 0.24 to0.30 


.22 


her Silicon Carbon 

. 0.30 to0.37 | 0.17 to0.22 

| 0.63 to0.65 0.73 to0.77 55 


= 


The physical properties of the rivet steel are shown in Table 4. The sp speci- 
mens were fabricated at the Ambridge plant of the American Bridge Company _ 


in accordance with the best commercial practice. For the carbon-steel snd 
2 the silicon-steel plates, the rivet holes were sub-punched with a die of diameter Sor 


‘Fin. less than the nominal diameter of the rivet, and the rivet holes were reamed b = 
= to a diameter 7 in. larger than that of the rivet. For the nickel-steel plates, a. 
the solid plates were assembled and the rivet holes were drilled to a diameter ps i is 


in. larger than that of _ rivet. Rivets were ( driven with a hydraulic 1 machine. 


= 

| 

4 

0.020 | 0.026 

— 

= 


400° F to 800° F with an average of 1 570° Fo ‘For manganese-steel rivets 
the 1 range was 1 400° F to 1900° F and the average 5 O00? a: 


= 


= 
specimen, in inches 


Percentage: __ 
] Elongation in 8 fashes 
Reduction of area 
Rivet rod stock* Stren in Per Square 
: ield strengt 
ON on-driven rivetst Shearing in — 


* Tested | at the mill. . t at 


ba Before each specimen was ed, gage lines for strain- ~gage aoe! 
- Ye were established at selected locations on the faces and edges of the plates; dials 
to determine the slip between adjacent plates were placed at one or more points £ 


along each edge; lines were scribed across each edge at 


} ee The specimens were tested in the Southwark-Emery hydraulic testing — 
machine at the University of California. Before the lower end of the specimen i 
was gripped in the testing machine, initial strain- -gage observations were taken. as q 

Up to : a stress greater than the working stress but less than the yield stress, a 

the load was applied i in four or - five increments, at a slow rate Sey : 

— 500 lb per sq in. of gross section per minute). _ During the application of these 


ae load 1 increments, observations of slip: were made by means of the dial gages. 


After each increment of load had been. applied, the load was 
constant while strain-gage observations were made. 
Above the highest load at which strains were measured, the load was 
of, applied at a faster rate, usually about 2 500 Ib per sq in. of gross s section per a 
- minute, up to the maximum load. During this final period of loading, the 
extent of of plate scaling was recorded at intervals by means of photographs; — 
written record was made of the progress of paint chipping from the rivet heads oe 
_ and of local failure of individual rivets or plate material; and, for some speci« ia ee 
mens the slip was observed by means of the dial gages up to about two-thirds 
_ Determination of Yield Strength—As load was applied, any marked yield 
or sudden slip in a specimen or its connections was reflected by a halt or lag in — 
_ movement of the load-indicating gages of the hydraulic testing machine. For 


forty-two of the specimens, a ‘semi-autographic record of the relation b between 
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TESTS OF RIVETED JOINTS 


from the log of the tests. — On the load-time diagrams the successive loads tt 
which various parts of the plates scaled were also noted. The yield load of the 

i ie was taken as the first load at which the combined evidence of load lags _ 
m3 and plate scaling was sufficiently marked so that it represented clearly the a 
behavior of the joint rather than minor sudden slips in the joint or 

_ the pulling heads. 0 Many of the joints did not exhibit a well-defined yield, and f- i 
fo seven of the joints no yield load could be assigned (Table 9, Specimens — 
-2, ASM24-2, ASM36-2, ANM12- 1, ~ANM24- 2 , ANM36-2, and BCC- 

yield loads determined as just described were probably close to 


- those which might be determined from the load-elongation relations for the - a 


a Attention is directed to the fact that herein the term “yield” does ni _ 
‘indicate the same property as that reported for small joints by some investiga-— 


tors who considered yield as the load at which marked or sudden bo between . 


of the joints 1 with plates exhibited local sealing at Toads idee 


‘appreciably below the yield loa 
i. ‘Usually, scaling of the plate began near rivets in in the end row; and, for some 

; specimens, the sealing through the yield range occurred largely outside the 
- joint. ‘It appears, therefore, that the yield strength, as determined, is a func- 


tion of the stress conditions in the plate. 
* Determination of Effective Rivet Yield. —For joints ats failing i in the xe rivets, it is is i 
_ beloved that the load at which general rivet yielding | occurs is of grester 
Sinan than the yield load based on n plate action as just described. Herein 
a load called the “effective rivet yield” was determined, from the load-slip | 
“i diagrams, as the point where the rate of slip with respect to load became twice 
Se the constant value it had attained while the joint was behaving elastically 
.. (Stage III, Fig. 1(d)). For the determination of this load, the slip measured — 
; ne at the middle of the joint was used; values obtained from slip measured at the 
Bane ends of the joints were practically the same as those obtained from the middle 
slip. This load is analogous to the “useful limit point” used to define the prac- 
tical proportional limit in materials or structural members which may not I have 


+4 


7 an 


a definite yield point. - It was determined for all of the | joints which had an 
effective rivet yield within the range of the slip measurements. 
ia «Use of Bending Frame.—The first three tests on lap joints disclosed that 
ie even at low loads the strains due to bending exceeded those due to direct stress, 
and that within the range of working loads the yield point of the steel was ex- 
— eteded at critical locations. To reduce the bending within the length of the 
Splice, the “bending frame” shown in Fig. 5 was used on most of the remaining i 
a dap joints (see Tables 5 and 9). - After each increment of load had been a 
Applied to a specimen, , the frame Was adjusted until the bending within the 
4 : length of the splice was reasonably small, as indicated by observations with a 
“curvemeter.” ‘The frame was removed after the last series of strain-gage 


the frame served its general purpose satisfactorily, 


— 
| 
q 
4 
| vi 
“4 
: 
— 
i 
— 
— 
— 
thi — 
— 
— 
— 
Zz 


“(PESTS OF RIVETED J 
transversely, with that considerable local differences in 
stress were induced by loading and by application of the frame. *aif Berge 
a Determination of Curvature. —The curvometer used to determine curvature 
=< of the plate consisted of a rigid bar having at each end a leg which was applied 
to a gage point on the plate. At the center of the bar, a dial gage was mounted _ 
_ so that its plunger was in contact with the plate midway between the gage 
points. In order to convert the observed deflections into terms of bending — we 
strain at the surface of the plate, it was assumed that the elastic curve of the 
- bent plate was a circular arc and that the neutral surface of the Lae was 


| 


de 


Strain-Gage Measurements. —For most of the observa ions, 2.5-in. »fulerum- 
af plate, strain. gages were used; but for certain observations a gage length of 5, 
8 10, or 20 in. was used. For a gage length of 2.5 in. the strain corresponding 
to the least reading by was equivalent to in, of 
Many of the lap joints were curved while under load, even when the bending 
_ frame was used. The amount of bending within the length of the 2.5- oe } 
strain- ~gage lines on the faces of the plates was determined, and. curvature cor 
4 rections were applied to the strain-gage observations. 
or _ With respect to the length of the joint, the longitudinal strain-gage lines 
; were generally: (1) In the gross section of the plate outside of the splice; (2) i in 
ee each space between rivet rows; and (3) spanning the rivet rows. Between 
= rivet rows, for the single-plate and double- plate lap joints, in general, the gage 
dines were closely spaced on one-half of. one face, and skeletonized on 
- remaining half of that face and on the opposite face. - Corresponding gage 


lines were established on | each er of each plate. bil ‘For the triple- plate lap ti 


the edges of the plates. “Weeauverne strains were measured only « on the » solid 


Slip Measurements —The ‘ ‘slip,”” or relative movement of adjacent plates 
at a given section, was determined by means of dial gages, at the edges of the ig - 
plates, by means of which movements of 0. 0001 i in. could be measured. Each — 
a gage on one plate was actuated by a lug attached to an adjacent plate, For — eee: 
very short, single-plate lap joints, the slip was measured at the middle of length; < ’ 
for the other single- plate lap joints, the slip at the ends was measured also. 
cz For multiple- -plate joints, as a rule, the slip was measured at points where it was: : 
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eonsidered that ‘and maximum movement would occur in each single 
aa which composed a section of the joint as a whole. a ‘The slip gages were ee 
fastened to the plates aj the middle of their thickness. 
‘i In many cases, sudden slips occurred during the progress of load application. cea 
ey In the majority of instances, after sudden slip occurred, the rate lagged tem : 
VS - porarily, so that after an additional few thousand pounds had been applied ~ 4 
load-slip relation became coincident with what it would have been h had the _&, 


== slip not occurred. In these cases, the over-all characteristics were not i a 


a ie show t the general load-slip relation. 


7 vets in the end row. It is obvious that the distance of the end ‘slip gage bs, 
; from the middle of the joint affects the ra ratio of end slip to middle slip. In 
making comparisons between joints, any differences in this distance should be — 
a Determination of Unit Elongation.—The elongation of a riveted joint sehen A 
1a a load includes both the strain in the plates and the slip between the plates. For 

se in determining the elongation, generally, a ‘continuous chain of 2. 


 Further- 
if more, for some of the longer joints the over-all change in length was s measured i an 
with an attached extensometer. computing the unit elongation, the length 
ip of the joint was taken as the distance between ends of the plates forming the a 
ie splice. The ratio of unit elongation of the joint as a whole to the unit elonga- ; 
ae tion of the gross section of the plate, at the working load of the joint, is herein ei 
the “elongation ratio.” Although the unit elongation includes plastic 
_ deformation and slip as well as elastic deformation, it may be used as a basis 
i. for computing an effective modulus of elasticity of the joint. ar 
- nF The modulus of elasticity of the plates used in the joints was heed upon 
strains measured on the plates outside modulus 


‘ the stress in the gross section at ultimate load to the tensile strength of f cor- 
"responding mill coupons. this investigation, the efficiency was computed 8 
only for the specimens that failed in the plates. | 
Computation of Rivet Strength Ratio —In so far as the performance o of the 
a rivet materials is concerned, a factor herein called the “rivet strength ratio” 
is of more significance than joint efficiency based on the plates which, for j oints 
in the rivets, merely reflects the conditions of a design. ‘The 


shearing resistance per r rivet in a joint 


Shearing strength of non-driven rivets in double shear’ 


The ratio was computed for ‘the thet failed in the rivet rivets. 
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TESTS OF RIVETED JOINTS 
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highest lead (25 kips pe per sq in. in plate, except as noted reference at this lad 
x the ratios were ay, constant. At 20 kips per sq in. in plate. { For all specimens CC CC2 
DCC2, bending frame (Fig. 5) to stress of 25 kips per sq in. at net section of plate. 
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TESTS OF RIVETED JOINTS 
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ag | | coe | 5.63 — 
an. | | | 788 — 
i | 623 | 4708 | | 7025 
{ Ratio of unit elongation of inte to corresponding strength of vhde odi ot 


Tests or Lap Jornts 1 To PuatEs; SERIES C 
_ The principal purpose of these | tests. on lap. joints was to provide information : “a 


oo regarding t the ie efficiency of riveted tension members as influenced by: (1) The a 4 
end pitch, or distance between the first and second transverse rows of rivets; ts 
(2) the effective net width of plate as controlled by the number of holes at es uy: 
- given section; and (3) the bearing stresses as controlled by thickness of plate. m: ‘ 
‘The details of the specimens are shown in Fig. 2. All plates and rivets were yy, 
of carbon steel. The were lin. in diameter. The plates were nominelly 
21 in. wide, and \ were 3 in. thick for Series C and $ i in. thick for Series D. ‘The ; 
3-in. material was thinner than required by standard ‘specifications to develop 
* é _ the single-shear value of the rivets. Solid plates were included to provide data 
oo = the strength and efficiency (based on the he strength of coupons) of wide plates" ‘S 
without holes. The results of the tests are summarized in Table 5. ea 
Tests of Solid Plates—The efficiency at ultimate load, based on the strength 
a a of coupons tested at the mill, was 92% for the 3-in. . solid plates and 94% for ond 
—— Sin. plates (Table 5). . Atthe yield load, the efficiencies were 86% and 91%, 1 
1, 4 respectively. These results are in agreement with those of other investigators.’ = 
For loads up to: 30 kips per sq i in., , longitudinal strains were the same 


i 


measured at a stress of 35 kips per sq in., at which load the Seen strain Pg 
al 11% greater at the middle of the plate than attheedge. ae 1 
‘The specimens e exhibited a marked y yield at ‘an average s darbea: ss of 37.9 oe Soe 
= sq in. for the 3-in. plates and 34.8 kips per sq in. for the g-in. plates. The | 
brittle paint on the specimens began to flake at stresses at, or slightly belie, A + 

the yield point. This flaking exhibited the characteristic Lueders lines which _ 
{ started at the middle of ‘the plate and progressed toward the edges as the loading © 

: * fh. The , plates failed by tearing apart. at mid- length. For three specimens, a 
‘= al short transverse crack started at the middle of width of the plate; for the fourth © ay 
specimen, the first crack started at one edge. _ The tendency for failure to as 
| start in the middle is attributed to the unequal distribution of longitudinal 
strain. | e The average elongation of the plates at failure was 29% in a , 20-in. = 
_ The reduction of ares at failure was 28% for one $-in. plate 8 and 35% s 


length. 0 


Lateral and longitudinal strain-gage measurements were made on 
9 of sixteen 5-in. squares which had been established on one #-in., and one §-in. — 

. solid plate. Within the working range, Poisson’s ratio was found to be 0.28 — 
is for plates of both thicknesses. After failure, the ratio of lateral to longitudinal fee 
2% set was found to be 0.38 for the g-in. plate and 0.40 for the g-in. plate. =a i 
< values are of interest in connection with the large transverse component « of 


shear induced in widely spaced rivets in the end rows of long joints. = 
Effect of Number of Holes at a Given Section.— —The effect of | the number of 


— in the end row is shown in detail in Table 5 and summarized in Table 6 
Of the riveted specimens, the highest total strength and efficiency was attained 
by the joints having five rivets in the end row at a gage distance of about ie 


c in. = In the specimens — seven Tivets in the end row at a gage distance €* 
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‘TESTS OF RIVETED JOINTS 

about 3 in., ., failure took place in the rivets in the plates, it 
is believed ‘that plate failure was imminent at the time the joints ruptured. _ 


at For either of the sets of riveted joints, the calculated average stress in the , 


7 net section at ultimate load was greater than that for the solid plates, as shown a4 


TABLE 6.—Erract or Numer or Rivets Enp Row; SERIES Ca 
Rivers | Ratio | ar Loap 
Symbol Gage, | | of net 


Sey in inches 

In Kips per| Percentage of 


sao 


7 joints having the ale stresses & plates) ‘exhibited the higher 


— Effect of End Pitch. —The detailed test results for the group ¢ of joints sto 


determine the effect of end pitch on strength and efficiency are shown. in 
Table 5. a All specimens failed i in n the plates a lines that passed through the — va 2 


the fractures generally followed a zigzag course, passing through rivet holes in * 
the first and second rows. _ The tendency fo for the fractures to extend through 
both end rows of rivets was less for the 2-in. plates than for the #-in. plates, hy 
possibly | because of bearing stresses in n the > §-in. 

the plates exhi d 


Fig. 7 shows a joint, with failure. The 
in | percentage of paint scaling from top to bottom of the splice reflects the trans- ' 


wt of stress ys sires near, to the far, plate. The characteristic Lueders lines 


“maximum rely in the plate between rivets. The scaled areas a the front 


7 (upper) edges « of the rivet heads indicate that the rivets have tilted forward a a pe. 
load was applied. At the bottom of the splice, it is seen that the slip between _ 2 


| adjacent plates was about in. It is of interest to note also the extent to which 
highly stressed section of the lower plate contracted laterally. 


_ Materials of by M. 0. Withey end Aston, Wiley & Sons, Inc., 
New York, N. Y., Edition 7 (1930), pp. y 


“Strength of Materials,” Part II, 8. Timoshenko, D. Van Nowtrand Company, 
(1930, pp. 673-674. 
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(20), are summarized in Table 7. The maximum difference in strength of 


joints wren" a given plate thickness was wrath about 5 per cent. - Within this 
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NOTE: Carbon-Steel Plates 21" Wide; 


2nd Specimen 


6.—LocaTIoNn oF Serres C anp D; Enp Price 


«= 


row). ‘The’ Sin, specimens with staggered ¢ end rivets were somewhat | more 
efficient than those with zero end pitch. If plates thicker than $i in. had peak 


= “used, it is possible that the relative strength of the joints with 1 staggered rivets 


For both thicknesses of plate there was a decrease in the e efficiency of the — 
7 joints when the end pitch exceeded 4in. A possible explanation is eatin? 
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TABLE 7. —Errecr 0 Enp Prrcx; § 


OF PERCENTAGE Prem” FOR THE Fo.tLowme 


to2 6 inches | 5 inches 4 inches 3 inches. incl 


; “reduction i in width of plates d due to rivet holes are shownin Table 5, Column ae 


he calculation is based on the “assumption that the ‘sotential 4 strength of a . 


joint is the product of the strength of the mill coupons and the gross cross- 


sectional area of the plate; this assumption is not strictly true, as as shown bythe 


94% respectively. The effective width of a riveted plate is the gross width 


; ‘a fact that the efficiency. of the solid plates CCCO and DCCO was only 92% and 


_ times the efficiency. _ The effective reduction in width is then the ‘gross width — 


= minus the effective width; that i is (see Column (21), Table 5) 
4 Effective in width h = Width of plate 
Wey _ (wi 1th of plate x Efficiency at ultimate load \ 


of reduction in width ( (assuming 


a 2} in. for two rivets, 4} in. for four rivets, and 53 in. for five rivets. It is seen 


Ne 2 that for all of the joints with widely spaced e end rivets | (Specimens CCC2 and 


DCC2) the effective ‘ie in width corresponds 1 more nearly to five rivets 


cathe 


in which z =the: the hole to be from b; 

stagger; g = 

diameter plus } in. 

i __ These results show that the use of fewer Tivets in the end rows eg 
are calculated in accordance 


for or Highway 1 Bridges,” Am. of State Highway O 1935. 


— 1212000 ‘TESTS OF RIVETED JOINTS 
—_— q high concentrations of stress at the extreme rivets of the longer joints precipi; —_ aes 
i = a a tated plate failure. The efficiency of specimens in Series C (§-in. plates) was ani a , 
a 4 less than that for specimens in Series D (j-in. plates), possibly because of the aa 

— | ccc | 38 | 12 | 10 | 749 | 744 | 750 | 734 | 728 | 765 
* Five rivets in end row; other joints have two rivets in end row and three rivets in second row. 
— 
used in current specifications are shown in Column (22), Table 5. The 
— 
— 
bd 
— 
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section on yield of joint. 


Tests or Lap Joints Faruine Rivers; Serres A AND B 


ae As ddvei in Figs. 2, 3, and 4, the specimens of Series A \ consisted of fifteen ; 


cet pairs, which included three different lengths of lap joint for five different com- — 


_ of rivet and plate material, as listed in “Te 7 4 The joints were 


5 PLATES Inca) Nomser or Rivers (Au 1 Iwen) 
Ww Width in inches Steel Carbon steel _ | Manganese steel 


Nickel 


Carbon 
Silicon 


4 
Nickel 


Carbon 


1 


if 


in an eccentricity of 3 in. for all joints. The uncertainties arising from, and 
- the measures taken to correct for, the moments produced by this eccentricity a 


& been mentioned previously herein (see headings, “‘Methods of Testing; — ; 


Interpretation of Data: Use of Bending Frame,’ “Determination of Curva- 


The specimens of A were to furnish the following infor- 


Effect of plate material upon average » shearing res resistance rivets; 
(3) Comparative behavior of carbon-steel and manganese-steel rivets; 
.s (4) Partition of rivet shear among the several transverse rows of rivets; pt 


(5) ‘Relation between the average shearing resistance of rivets and the 


in design « of large riveted connections. 
% ‘The specimens of Series B consisted of three pairs jel lap joints with 3-in. 


carbon- steel plates and -two 1- -in. carbon- -steel rivets in 
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with common practice. The yield strengths (Table 5, Column (15)) show no 
| 
7 
4 
| 
| 
36 
designed to fall in the rivets, and ior given length were designed to be of 
| approximately equal strength. Lap, rather than butt, joints were used since = 4 Oe 
within the capacity of the testing machine a greater variation in length of joint 
|} could be obtained by designing the specimens for single rather than double ########$ @™ 
| shear in the rivets. Lap joints also permitted the location of strain gages _ Ss ee 
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‘PABLE 9.—Tests on Lap Jornts F 


Rivets (D1am- 9 

(Kips Per SPrectmens 
Ter, OnE INCR) | souare Inca) 
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Mri Coupons 


at rivet work- 


slip 


gquare 
inches 
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® Tensile strengt 
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5) used in 


Ing range 


Fig. 


Specimen No. (for details, s 
Figs. 2, 3, and 4) 

‘Bending frame 


in inchest | 


| Thickness, in inches 
End 
ing | 


Length of joint, 


| Number of plates 
_ Number in first ro 


Width, in inch 
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‘Net (first row) 
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Average 
ANM24-1 


ww. 


BOC20b- 
_ Average 


54.5 
54.8 
53.4 
51.3 
52.4 
53.3 
51.7 
52.5 
40.5 
38.6 
39.6 
38.6 
38.8 
38.7 
38.6 
39.0 
38.8 
55.0 
54.8 
54.9 
51.1 
53.3 
52.3 
51.6 
52.6 
52.1 
65.2 
66.1 
65.7 
67.8 
67.7 
67.8 
66.1 
63.3 
64.7 
35.6 
35.2 
35.4 
37.0 
36.3 
36.7 
37.5 
36.9 
37.2 
42.3 
42.1 
42.2 
38.3 
37.5 
37.9 


*C = carbon; = silicon; M = N = nickel 
= carbon; S = silicon; M = manganese; an = nickel, J 
Measured from end to end of overlapping plates. etever Tot 
In general, for the range in which this ratio was constant. abs 
_ § Ratio of unit elongation of joint to unit elongation of plates (gross section). _ 
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i 1038 | 58; | No [0043 
 ANM36-1 36 | 2 1087 
Average “| | 68.4 | 0.0078 
— 20%] 7.82 | 4.78 | 7 


Bt 


ic 


rivet yiel 

Shear in rivets hear in rivets 


r of rivets that fail 


r 
uare inch 
r 
n 
t 
= 
quare inch 


‘square 


In kips pe 
‘per rive 

‘Numbe 


kips pe 
square inch 


= 
~ 
N 


I 


before complete rupture 


In kips per 


$88 


to 
—_— 


7 
+ who 


~ 
~ 


COOP 


©- 


Ow 


BSSSRERS: BS 


eco 


4 


~ 


AAS 


~~ 


KH 


wn 


an 


OND 


Qa 
rind 


we 


x 


to 
oo 


o 


o 
— 


fo 


- 

o 


© 


or 


a 


sows 


4 of undriven rivets in double shear. 


— 
—— 
Continue 
Bila 
— 
=| — 
—- 
| see j 
— 
— 
08 | | | 7| 29.6 6 | 1.35 ig 
— not — 


$f 


6 OF RIVETED JOINTS 


varied: from 3 to 6 in 1 order determine the effect of ot 
a oy: results of tests on Series A and Series B are shown in Table o- This — 
ee also gives the test results for two p pairs of spe specimens of a6 CandD 
_ (CCC7 and DCC7), which specimens failed in the rivets. — 
eries 
‘Strength — —The average strength of the rivets at wis obtained 
= by) div iding the total load | by the total shearing are area of rivets, based on the = 
- nominal diameter of the rivet. As between large and small joints of the same 4 i 
plate and rivet steel, the maximum difference in average rivet strength was 


A 


~.'? only about 10%, as s shown in Table 10, composed of selected data from Table 9, _ 


me 1 (Average Rivet ‘Strength at Ultimate e Load) ~ | 


Percentages Kips per Square Inch if Percentages 


One | Two | Three | One | Two | Three| One | Two | Thre 
plate | plates | plates plates | plates | plate | plates | plates i ae 
50.0 100 92 77. 4 71. 100 
51.1 100 99 y 78.0 | 72.7 | 100 


the joints that had carbon-steel sina in combination with a given pate 

_Inaterial, the > highest r rivet strength was exhibited by the short _(single-plate) 

joints and the lowest by the long (triple- -plate) joints. © However, for the joints ee 
that had manganese-steel the (double-plate) joints: exhibited 
In order to investigate reason for the higher of the 
manganese-steel riv rivets in the double-plate joints, two selected rivets from each 
three joints were subjected to hardness tests. ‘The rivets in the double 

plate joint were found to | be harder than those i in ‘the single- -plate a and triple- 


= plate the 
za ih double- plate joint had a finer grain structure. The difference may have bem t 
Another variable was the driving 


rs temperature, which averaged 100° F 1 for the rivets of intermediate grip 


o. The rivet strength ratio, or the ratio of the average shearing resistance per 


The manganess-steel rivets exhibited higher rivet ratios than the 
carbon-steel eel rivets As! between the two kinds, the length of of splice 


ore rows of rivets per and e somewhat 
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a 
r 
4 
q = | 
2 
q Silicon.........| 54.8] 54.0 
4 
q 
— 
— 
@ 
steel rivets contained two nm 


ing longer than the corresponding joints with manganese-steel | rivets (see Figs. 2, 
Bexe 3, and 4; Series A). . For these joints, all of which failed in the rivets, the kind — 
of plate steel appeared to have no marked or consistent influence on the strength ee. 
= Zz the rivet strength ratio. As a group, the joints having manganese-steel 7 = 

rivets and nickel-steel plates ‘exhibited the rivet ratios: of any 

of the joints in the entire i stigation. 


Effective Rivet Yield—In an under-riveted joint the effective rivet 
- has more ee so far as rivet performance i is concerned, than the vild 


Rivet Stress, oat ivet Rivet Stress, Ratios of Rivet. 

in Kips per Square Sh 
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_‘Tivet steel, the effective rivet yield did not vary ull, and for both kinds of © 
3 rivet steel, the effective rivet yield averaged 62% of the ultimate strength of ys = 
_ rivets in the joints of this series (Series A). The yield strength of the joints — ae 
_ Varied with the type of plate steel as well as the type of rivet steel, so that es. 
ratio of yield strength to ultimate strength was not constant. =” 
_ The ratio of effective rivet yield to the yield strength and ultimate strength wi : 
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33.2 | 37.7 | 52.3 | 0.88 | 0.63 | 0 3/077 
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Plate; 24 Rivets , Be 


(Single-Plate Joints) 
in Kips (Double-Piate Joint) 


Single Plate, 
Rivets 
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ite Joints) 
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‘One-Half Load, in Kips (Double-Plate 


One-Third Lo 


SPECIMEN ANM 


ad, in Kips (Triple-Plate 


. 


Load, in Kips (Single 
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_tivets (Specimens ACC18 and ASC18) slipped considerably less than those mo. 


manganese-steel rivets, even the ‘slip were taken at the same load 


an ” Sli ip- »-—The results of observations to determine slip for the joints of Series ae 


4, 


, those having carbon-steel 
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Fic. 9.—LOAD-SLIP_KELATIONS AT VARIOUS PLACES ON TYPICAL SPECIME 
— 


plates slipped lees than those having silicon-steel plates. of the 

manganese-steel rivets | exhibited similar slip. characteristics. 


Fig. 8(6) shows the relation between load and the ratio of end slip to middle 
slip for one specimen of each of the pairs of single-plate joints. — The end slip. 
Was measured midway between the first an and second TOWS of rivets. Values 
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at lower by the joints w ith twelve 
rivets than by those with eighteen. carbon-steel rivets. the difference 
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Middle Slip, Inches 


largely to the in of rows of rivets and in character- 
The slip characteristics exhibited by the double-plate and tripl-plate 
joints were similar to those exhibited by the single-plate joints. >, As repre- a 
: a sentative of the behavior of the series, the relation between load and the slip Be 5 
measured at various points along sents of the ANM group is shown in Fig. rs 
The plates were all of nickel steel, § in. by 181 in.; and all rivets were of 1 of man- 
ganese ‘steel, 1 in. in diameter. “The: relative of plates at the 
_ gage locations is indicated by half-arrows in the inset diagrams. In the — 
double-plate joint, the portion « enclosed by the dotted line marked “A” (see 
inset, Fig. 9(b)) may be considered the equivalent of a single-plate lap. joint, ae 
since at the ond of the double-plate joint h half of the load is carried: by. 
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in 1g. ¢ are tor one specimen each pair A CODSUEz atio OI end 
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ike aah plate; and, at the middle of length of the joint, the load on the i inner Plate 


js zero while the outer plate still carries half the load. Similar | characteristics _ a 
ae hold for the triple-plate joint. Comparison of the end slips at Gage Locations A 
_ 1 of the: single-plate joint with those at it Gages: 1 and 3 of the double-plate joint, 


he ‘“ at Gages 1, 3, and 9 of the: triple-plate joint, shows that the slips at both ne 
ends of equivalent single laps in the multiple-plate joints did not differ greatly 
from the end slips for the single-plate joint at corresponding loads. Further- 
more, in the multiple-plate joints, the ‘“‘middle’’ slips (measured at all Gage “ss 
i Locations 2 2 and, for the triple-plate joint, at Gage | 10 also) were similar to the 2 
cs middle slip of the single- plate joint. Slips at other ‘points show the relative 
movements of the plates throughout the length of the joints oa enw 0mm 
ac ‘comparison. of the relative magnitude of end and middle slip So a asingle, — 
- double, and a triple-plate joint is afforded by the curves in Fig. 10. Forthe © 
ih same unit stress in the plates, the 1 middle ‘slips and likewise the end eek were 
about the e same as as between the three sizes of joint. . Asin in Fig.  8(b), the values 
The values of end slip at the rivet working load are summarized in Table 9, 
ee (16). With a few individual exceptions, the slips for single, at 
ot triple plates sin any group having the same plate and rivet material were 
i the'same. 2. As noted in connection with the single-plate joints, the joints — 


having carbon-steel rivets exhibited less slip than corresponding = 
q 


having two-thirds as. ‘many manganese-steel rivets. “baw Of 
_ Four stages of action in riveted joints are indicated by the load-slip relations 


- (we Fig. 1 and accompanying text). For the single-plate joints of Series m8 


TABLE 13. —AVERAGE Srress rn Rivets at Varrous a 


EIGHTEEN Cannon Rivers LV 


Kips per Square Inch ips per Square Inc bh 
At be- Column (4) At be- Ateffee- Column (9) 
ginning] rivet | Column (2) | work- of i Column (7) 


| @ | ® | an 
| 19 46 


_ Table 13 shows the approximate loads at the end of Stage I (no slip at middle 
of joint), at the beginning of Stage III (full bearing of all rivets, linear load-slip a 
- telation), and at the effective rivet yield which occurs when Stage IV is well 
is “started. _ For most of the joints, the rivet working load fell in Stage II; only — 
for the specimens with manganese-steel and steel was ithe 4 
load definitely i in Stage III. 
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OF RIVETED JOINTS 


= Elongation. —The unit of each joint relative to that of the m main 
= plate (gross section) varied from 1 to 2 at the plate working load (Table > 
Column (18)). The larger the joint, the less was the elongation ratio. It. 
ee appear that the r ratio was affected principally by the factors that influenced — 
slip. For a single, a double, and a triple-plate specimen having nickel-steel 
plates and manganese- -steel r rivets, the variation in total elongation with i increase 


in lead is shown in Fig. 9. bus ol 
_ Distribution of Strain —The variation in longitudinal strain along a single, 
4 


q a double, and a triple- plate joint is illustrated in Fig. i, for a stress at net os 2 
ec =. section of 20 kips per sq inch. _ These curves (all edge strains) show that i in the 

4 i multiple-plate joints the stress in the outer plates was maintained at neni x 

| 

d 


3 mately the full value up to the beginning of the lap at the far end of the joint a 
o. (marked ““X”’); between this point and the end of the plate the decrease in stress Bi 


; aa was similar to that in a single-plate lap joint. Irregularities in the strain ee: io 
diagrams may be due i in part to stresses near the rivets and d inequalities 

ag Typical variations in across & steel plate in. by a 
26 in.) are shown i in Fig. The diagrams for ‘Specimen ACC18- 2 (eighteen, 


_ determined by means of the curvometer, and the corrected strains, for a ey 


Py plate stress (at net section) of 20 kips per sq in. The diagrams for ‘Specimen re 
= ACM12-2 (tw elve, 1-in. manganese-steel rivets) show the corrected strains at r 
tt plate stresses of 10 and 20 kips per sq in. The average strain across any o 

ue section, employed in the load- -partition studies discussed subsequently, was a + 
obtained by ‘measuring, by planimeter, the areas under the corrected strain- bs 2 a 


ya: distribution « curves for each load. 


l-in. carbon-steel riv vets) the observed strains, the corrections in strain 


Partition of Load Among Rivets —The partition of load among rivetsin the 
various transverse rows, determined from strain measurements along gage lines 
located between the rivet rows, is shown in Fig.13. Data are shown forselected 
g  single- plate , joints of each of the five types; for all of these specimens the bending ae - 
: ia frame (Fig. 5) was used to reduce t the curvature of the plates, and curvemeter - = 3 
-- observations were made to provide a correction for change i in curvature during | 


loading. curves show the percentage of the total load taken by a rivet in 
se row. _ Although there may be considerable error in the individual results, 
is believed that the values are sufficiently accurate to show 
the action of the joints tested. For this series, the specimen number mre 
oa the physical characteristics of each specimen; thes: ACM12-2 denotes SeriesA; 
az Carbonated plates; Menganses-oteet rivets; 12 rivets per joint; and the second 4 
__ The load partition is pr lp at each of four loads, which differ as between p: 4 
4 the several types of joint. These loads varied from about one-half to about. = $ 
twice the rivet working loads. | All the loads at which observations were taken Yee. 
} a 7 lay above Stage I of joint action. Most of the observations were taken | at 
5 loads within Stage II, which ended at rivet stresses of about 13 to 27 kips per 
sqin. For the mem with manganese-steel rivets, the third and fourth loads — 
lay in Stage III; and for the joints in this group which had nickel-steel a ; 
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a eome'e cases there was a markedly greater proportion of load transferred ; 
_ at the end rows of rivets than at the interior tows, and to this extent the 
tendency of the joints to behave in accordance with elastic theory® was borne 
out. For example, in Joint ACC18-2, which had six rows of carbon-eteel 
é rivets, the load taken by a rivet in the end rows was about twice > the average — 
load per rivet. In Joint AN M12- 1, which had four rows of ae "1 


of Near and str Face 10 Kips per Sq In. at Net Section 


Strains in Millionths 20 Kips In. at Net Section 
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SPECIMEN ACC Eo 

Fic. 12.—VARIATION in STRAIN across PLaTe or Typrcat JomnTs; SERIES A 


the bya rivet in the end was about 20% higher than the 
average load per rivet. _ As a whole, however, the observed partitions of load a 
‘among rivets cannot be said to > conform: to those that would be computed -.': 
Bee elastic theory. The effect of imperfect fabrication, as indicated by ir- 
-Tegularities: in is very apparent and be as large as the 
in a joint that is to behave elastically, 
joints that exhibited relatively stresses on n end: rivets and for which 
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a form partition of load . Upon this observation is based the preceding — My 
statement that load partition is more nearly uniform in Stage II than in Stage I - 
which the joint be elastically (see text applying to Fig. 1). 
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Fie. 13.— —Partition oF Loap RIVETS IN THE = Vansous Rows; SERIES 


by the en end rivets increased for the last two loads which were definitely in . i 
: Stage Ill. ¥ This would indicate that after Stage II is passed, the load partition hee 


is again built up so as to approach, but not necessarily: to conform to, that . 
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among rivets & JOIN’ Decause: (1) 1€ 10n of {0a nds 
/ é i joi ion, ideal joints are not produce —— 
the successive stages of joint action, (2) 


commercially, slip occurs within the working range 80 
for short joints high-strength plate and rivet materials— 


— complete 1 rupture. of the joint is , shown in Table 9, Column (29). In nearly all , Tae 
ce cases of premature rivet failure, the rivets were in the end row of a lap; in the ae j 
— = remaining cases, the rivets were in the second row of a lap and failed only “ 

after rivets in the first row had failed. For three of the triple-plate joints 

premature failures occurred in the end row of rivets of an interior Se 3) 

single- plate joints of Series A, only one pair (ACC-18) exhibited 

"premature 1 rivet failure (Table 9, (29)). the multiple-plate joints, 

the number of premature rivet failures was: (a) Greater for triple-plate joints om 
; ‘than for double-plate joints; (b) greater for joints with carbon-steel rivets than s 

for joints with tw o-thirds as many manganese-steel rivets; (c) greater for joints aah 
Ee carbon-steel plates than for joints with silicon-steel or nickel-steel plates; aes 
and (d) zero for the joints having nickel-steel plates in combination with 


= 
ite steel rivets. — It may be concluded that the strain imposed on the ‘i 


Rivet of individual rivets failing before 


The occurrence of premature rivet aera. at the ends of a joint is not 


In the of: B 2), the rivets were arranged i in full 

ae: i of 4 each, at a gage distance of 7.5 in., which is wider than would ordinarily be 
a used with full-row riveting. The approximate values of load at various stages — x 

of joint action are shown in Table 14. Compared with similar joints in| 


ry TABLE 14.—AVERAGE STRESS IN RIVETS AT VaRIous 


Working Load | Bnd StageT | Begin Stage 


C206 


ive 


_A, the joints of Series B exhibited relatively low slip. example, as shown 


by the values in Table 9, Column (16), the slip « of the joints of Series B at the ee 
Tiv et working load was less than half that of Joints ACC18. pais tas 


>. 
4 
pr 
_ greater than the averag +43 ivets tends toward uniformity «, 
ikely that the load partition between siv 
| a = 
4 
} 0! 
— 
— 


in for all specimens of Series B were small, 


i reo the joints with a pitch of 4.5 in. (0.6 of gage distance) we’ were e somewhat Ms 


esults are summarized in “Table Specimens: ACC18 of or Sere A 


TABLE 15.- oF ON STRENGTH; SERIES 


end row Kips per Percentages (All in end rows) 


Fig. 2) were not greatly different from vain wien of Series B B except ¥ wh 
ae regard to rivet pattern; in specimens ACC18 the net section was supposedly 2 
4 protected by having only two rivets in the first row and three rivets in the 
‘second Tow. Table ‘15 shows that these joints were not quite as € efficient 


| ests OF Burr AND SHINGLE Jomts; Series F 


For heavy tension members, the use of a “shingle” splice in con- 
Me siderable econo my of material and a shorter rivet grip than does the con- 
cae ventional butt splice. _ The specimens of Series F, shown in Fig. 4, were > designed — 
for comparison between butt and shingle splices. The plates were of silicon . 

steel, 20 in. wide, and all main plates were } in. thick. The rivets ¥ | were of is. : 


 earbon | steel ‘and were } % in. in diameter. The distinguishing characteristics 


‘TABLE 16. —TypEs oF OF ‘SPECIMEN; SERIES 


Half-shingle 3 (116 shearing surfaces) 


A 
of the six pairs of specimens were as shown in Table 16. With the intention 


of insuring plate failure, the ratio of tensile stress in the plates to shearing stress Bes an a 
in the rivets 8 ratio) was: 0.54 000 : 15.000) instead of 
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been smaller (say, four or five rivet diameters) the optimum rati p 
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— 
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(120.57 (93 000 : 53 000) ‘established for rivet failure as a result of the an. 


tests. In spite of ‘this provision, in all specimens, except the  single-plate butt 


results of the tests are shown in Table 17 and Figs. 14 to 18 inclusive. _ inden 


— FSCA, one or more rivets failed before plate failure occurred. sy The 


sy In order to pean a more | general p picture of the behavior of the parts of 


ny - these joints than that afforded by the slip measurements s alone, a series of 
--2.5-in. strain- -gage lines was located on the edges of the plates, for one specimen 
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a TEES of average unit elongation of joint ‘unit elongation of plates (gross section). 
Ratio of —_ in gross section of plate to corresponding strength of mill coupons. 


at any give section from the edge strains, ecess: 
load transferred across a section was to the observed strain. It 
is believed that the error involved i in this assumption was reasonably small in -oh 
the case of the multiple-plate joints since these joints had full- row riveting * 
over alarge proportion of thelength, 
_ The behavior under load and the manner of failure, which are of peated: me nea 
interest in | the case of the multiple-plate joints, are shown in 
inclusive. | In the figures, Diagrams A and B are the edge and face views of 8 
joint and show rivet locations, gage-line locations, and the lines along which 
the parts of the ‘separated at failure. Ing nes location of final 
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tt is — for one of the two specimens at the left end of f the , diagrams and 
for the other specimen at the right end. In Diagrams B, a cross or a heavy a ; 
dot drawn at a rivet location indicates that the rivet failed before complete 
Tupture of the joint. Diagrams C show the percentage of load taken by each 
plate; the values were obtained from strain data by taking the summation of 

strains in all plates at any transverse section as as 100 per cent. The points in ban 
Diagrams C correspond to the centers of the gage lines in Diagrams A. The © 7 
‘ - stepped lines show the load that would be taken by each plate, calculated on 
the assumption of equal partition of load amongrivets. $= 


AND SHINGLE JoINTS; SERIES F 


Stress i in Plate, | f Stress in Plate, Shear i in Rivets, 
| in Kips per Effi- | 2 in Kips per Efi- in Kips per : a) 
Square Inch | ciency,| .. Loca- Square Inch Square Inch | 


41.2 
41.9 
75.2 | 416 
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.80 
.83 
81 
.86 
.79 
.83 
81 
.90 
.93 
.92 


4 Excluding rivets which failed before maximum load was attained. m4 


In all the specimens of this group of tests to 17) the main 
were i¢-in. by 20-in. silicon-steel plates, held by }-in. carbon-steel rivets (see 


late; and R = rivet. 


Rig. 4). Slip gages were attached to both edges. In the single- plate -and 


pet per sq in., was the average of 7.5, 15, 22.5 and 30 kips persqin. In the r. 
ag 


i ‘double-plate joints (Figs. 14 and 16(a)) the stress at the net section, 18.75  - ae 
triple-plate joints (Figs. 15, 16(b), and 17) the stress at the net section, 22.5 


per sq in., was the ave erage of 15 and 30 kips per sq in. 
a Single-Plate Butt Joints FSCA.—The strains in the main and splice plates aan 
were measured along chains of 2.5-in. gage lines, as shown i in ‘Fig. 14(a), Diagram 


A load partition from the strain is shown in Diagram C. 
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*y 

“ME end rows sania more than the average share of the load, although the annie eS aa I 
See strains were undoubtedly affected by their location with respect to the various 
= rivet rows which contained different numbers of rivets. The specimens failed ‘ae ‘de 8 
ti entirely in the plates »s through an. an end row of rivets, as shown in Diagrams 4 i 3 
2 and B, Fig. 14(a). First, the plate was torn from one end rivet to the edge, = 5 i te ’ 
A then the entire plate ruptured suddenly. The fracture was square and of a e i249 
coarse, granular texture. Scaling of brittle paint from rivet heads occurred “a 
Butt Joints FSCB.—Strains were measured along chains of 
ri 2.5-in. .. gage lines 01 on the edges of the plates, as shown in Fig. 14(d), Diagram A, ae Jag . 
a* Studies indicated that over the given range of loading the load ‘per rivet was "= et ( 
— &2 40} 1 

a ( _ highest i in the end TOW andi in th the two interior TOWS (9 and 10) next to the butt. ae ; 
4 In general, ‘the | progress ‘of rivet scaling confirmed the load distribution de- By, 1 
from the strain measurements; marked scaling occurred in Rows 
‘a i 7 10, 9, 8, and 7 in that order, whereas there was little scaling in Rows 2 and 3 _ 
and none in Rows 4, 5, and 6. the end of the outer (short) splice plates, 
a 
a the inner (long) suliee plates carried about 41% of the total load, as shown in a." 
‘Diagram ‘Fig. -14(6). At the | butt, the i inner splice plates comprising 54% 


of the splice material carried about 58% of the total load, and the outer splice 
a plates comprising 46% of the splice material carried about 42% of the load. Ce 


a ad Before final rupture of the joint as a whole, all end-row rivets in both speci- es 
plates fi at the second row of rivets, except’ that one. 


wm 
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square, and of coarse, , granular the was of fine granular to 
e is texture, in part of the cup-cone and in part of the angular-shear type. _ 
relative displacements (slip) of the the plates, observed after failure 
bea measurements between lines scribed across the edges of the plates, disc losed ; 
ae that at sections where the rivets had failed, before complete failure of the joint, _ 
 Double-Plate Shingle . Joints FSCD.—Strains were measured along chains 
- 2.5-in. gage lines on the edges of the plates, as shown in Fig. 16(a), Diagram A. <0 
a Over t the stated range of loads, the are per oe was found to be greatest in 


Main (3,3! 4,4") 
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Rivet Fai Failed Before Final rupture ofthe int { of ¥ 
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* Slip DialGage 


_ the two end rows and between the main plates at a butt. The load per rivet ae 
transferred directly from main plate to main plate at the middle of the joint d 
was about the same as the average load per rivet. In general, the strain 
observations were confirmed by the progress of rivet scaling. Marked scaling 
ie” occurred j in Rows 1, 10, and 2 (in that order); little scaling « occurred in Rows ‘s 
e: Before the. joint failed as a whole, all but one of the end-row | rivets failed. 
op: The plate fractures followed irregular lines which passed through rivet holes in Pe 
. one or more of the three ows next to an end (Diagram B, Fig. 16(a)). The. ae 
fractures were i 
frac ures were in part square, with coarse, granular texture, and in part of the 
cup-cone and euch type, Tanging from fine granular to o silky i in textu 


of Specimen fractured Nall across the second TOW and ha 
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‘Examination of the joints after fracture. disclosed that 
— the relative the plates was in excess of 30 i in. 


“Ea behavior of this joint was similar to that of the eden butt 3 
joint FSCB, in that the load per rivet was high at the ends and near the but ES 
and low just outside the e ends of the outer (short) s splice plates. In this pair i: ; 

of triple-plate specimens the outer splice plate was shorter than intended in a 
_ the design. The progress of rivet scaling v was in ‘agreement | with the ‘computed - 


ae _ Along either half of the length of the joint, the twenty-seven rivets (47% 
of the total number) tl that passed through b both | splice plates | transferred about 
61% of the load from main plates to ) splice y plates whereas the thirty r rivets that 
passed only through the inner (long) splice ae transferred only about 39% 
of the load (Diagram C, Fig. 15). 
ma ‘The relatively high stress in the rivets that passed through both splice 
> ia was reflected in the failure of Specimen FSCC-1, which failed partly in 
the plates and partly in the rivets, as shown in Diagrams A: and J B. The rivets ; 
in the end rows failed before the ultimate load was reached, , and a rivet near 
the butt sheared at the ultimate load (Diagram B, Fig. 15). About 65% of 
_ the plate fi fracture was square, with coarse, granular te texture, and the remainder : 


was of the angular- shear ty pe . with silky texture. wee 


os Specimen FSCC-2 failed in the ri rivets along lines shown in Diagram A, | a ah 


although | at Rivet Row 3’ (Diagram B, Fig. 15) a tear 4 in. long extended 
through a rivet to the edge in one outer main plate and a tear 0.5 in. long : 
_ extended from the same rivet in the other outer main plate. c Premature rivet 
fe in five rows at each end and in two rows spend to the butt fe 

; ae Be. For Specimen FSCC-1, it was found by measuring the displacement of th 
scribe lines which had boon ruled across the edges of the joint that where brs 
thes rivets near the end shad failed the final slip w was in excess of 0. 33 ii in. and t 


Specimen FSCC-2, the corresponding values were 0.37 and 0.24 in. 
. Triple-Plate Shingle Joints FSCE. —Strains were measured at 


a 


ey locations along the edges of the plates, as shown i in » Fig. 17, Diagram A, 


_ share of the load, over the load range at which the measurements were made, a 
The progress of rivet scaling was in agreement with the computed distribution — 7 
of load between rivet TOWS. — Between Rows 1 and 9 the scaling on the face of ee. 
Plate 1 was much more severe than on the face of Plate 5, and between Rows 
a and 9’ the scaling was much more severe on the face of Plate 5 than on the 


The specimens s failed partly i in the plates and partly in the rivets, as shown — 
ie Diagrams A and B, Fig. 17. The rivets in the two end rows failed before 
the ultimate load was reached ; and some rivets in the third and fourth 1 row 


before final failure (Diagram B). The 
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followed an irregular course through the third iit fourth rows of rivets. ¥ 


a 75% of the f racture was square, with coarse, granular texture, and the remainder 
was cup-cone or - angular-shear | with s silky or fine granular texture. Near the BG Ly 

ends of both had failed prematurely, the slip was 

H alf-Shingle « J FSCF. were measured ata clined 

- 4 number of locations along the edges of certain of the plates as shown in Fig. Bs he 


— 16(b), Diagram: A. | In order that the loads carried by the several plates may 


* a 2 _ be more easily visualized, the curves of Diagrams C have been made the same ae 
Br for the near face as for the far face, under the assumption that corresponding 
ey plates deformed equally. The assumption ‘was somewhat i in error inasmu ch be 
as the strain measurements revealed some straightening of initially warped ci 
strains indicated that at the given 
on a large share of the total ‘bad was taken by the rivets in the several rows hee 
Be P| ends of the joints, , almost to the beginning of the outer (short) splice 
2 plate. At the right end the outer main plates (Plates 3’ and 5’) carried their 
a a of the load practically undiminished from Row 21 to Row 14, whereas at ia 
left end the load i in the outer main plates (Plates 3 and 5) gradually di- 1a 
progress of rivet scaling was in general agreement with the 
computed distribution of load among rivet rows. ‘Scaling occurred earlier and i 
was much more extensive at the right end in Rows 21 to 19 and i in Rows 16 


and in other parts of the joints. 3 
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A of all evidence available (strain-gage data, scaling, 


- before and after failure, and pr premature rivet failures) would indicate that near 

- the butts and near the ends of splices (abrupt changes i in ape section) 

the rivets carried relatively high loads. | 
Ei a The joints failed partly in the plates and partly in the rivets, at the ead : 
= to the butt of the middle main plate (Fig. 16(b), Diagrams A and B). 
the in n the end re rows failed more load Was | throws on the 


~ in both h specimens. The greater part of the plate fracture was square, ‘with i. 
= ‘coarse, gr granular texture, but in Specimen FSCF-1 about 5% of the fracture ~ on 
was cup-cone with silky texture. _ Wherever rivets failed in the left end, the z a 
slip was more than 0.31 in, for ‘Specimen FSCF-1, and more than 0. 4 in. for 


Efficiency. —The the joints. at ultimate load abo ut 


«1% to 75%, as shown i in Table 17, Column (21). The larger joints exhibited Box: 
lower efficiencies. There v was little in efficiency as be 


fame as that of the main plate outside of the joint (Table 17, Column Amt 5 The ‘ 
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shown in Column (15), are 10% to 12% 
_show the same general trend as between joint 
Bees. 
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unit elongation of the double= plate and triple- joints on — 
13% less than that of the plate steel. 4 In calculating the elongation of ph + at 
} containing large joints of the types considered herein, for practical purposes i 
oy a the modulus of elasticity of the joint may be considered to be the same as that ae 
_ Slip.—The end slip at the rivet ; working load is shown in Table 1%, Cokmp 
(11). _ It was observed that, on the average, the end slip for the butt joints was — My 
about three-fourths of that for the most nearly comparable lap joints 3 (specimens — 


i of Series A having silicon-steel plates and carbon-steel rivets). Table 18 shows a 


el Specimen] Specimen| Specimen — Specimen| § 
FSCA* | FSCB* | FSCDt | FSCC* | FSCET 


J 


Weight of per main plate, 
in pounds per linear foot of joint 60 «43 4 


that, in goasral, the gre greater - the amount of splice n material per main plate, t 


greater will be the end slip between main and splice plates. These results wer re 
ae to be expected since, e, for comparable conditions, in joints having the greater 
"percentages of splice material the splice plates were relatively more rigid. me 
+ The load-slip 1 relations for one of each of the double- plate joints are shown | 
in Fig. 18. _ Inasmuch a as the joints of Series F were practically free from the | 
eccentricity that exists in lap joints, and inasmuch as the joints in this series Ge 
were over-riveted in order to insure plate failures, it was expected that friction — i 
between plates would be more of a factor than for comparable lap joints. = The Pate | 
= _ difference in friction is evident from the forms of the slip curves for the joints AN | 
Series F (Fig. 18) as compared with those for Series A (Figs. 8 to 10 inclusive). 
ae On the whole, short sudden slips, accompanied by snaps, seemed to be more = AG 
; "characteristic of the joints in Series F than of those in other series. sie 
_ behavior i is attributed tof frictional conditions due to the tendency for plates 
ina a butt joint to remain more closely held together under load than is the case 
ag a lap joint where the plates tend to separate because of bending. In ae 
real. number of instances in the heavier joints and at the > higher loads, sudden slip | 
throughout the length of : joint. Near the ends of the largest joints 
the slips were relatively large, although they had little effect on the elongation — 
a _ Si of the joint as a whole. In terms of an “effective” modulus of elasticity ofthe a 
a: joint, these movements corresponded at the most to a change from, say, 32 to oe 
by... | Component Shear in in End Rivets. —In t this series of joints the 


We 


edd of 16 in. Owing to lateral contraction of the highly ‘stressed main 
_ Plates relative to the splice plates (which, at the ends, were subjected to low ae = 

, considerable transverse e shearing deformations were induced in these ae 
ts failed at ma low a stresses based 
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vaTED 

on ab shear the strength was reasonably close to normal when the 

resultant of the longitudinal and transverse shear is considered. 

Shear in Rivets at Ultimate Load.—In Table 17, Columns (22) and (23), is 
bie shown the average shearing stress in the rivets at ultimate load, based both on 
the total number of rivets and on the number which did not fail ‘prematurely. i 


ed if Although most of the joints failed primarily in the plates rather than in the ‘ “ 
rivets, it is believed that the rivets were near failure at the ultimate load; SS Be 
fact, one specimen (FSCC-2) failed entirely in the rivets. The values, incom- 
parison with those of Series A (Table 9, Column (27)) indicate that the resistance ee 
per rivet shearing surface was materially less in double shear than in single ial 
shear. However, the comparison is not direct, particularly since in Series F at, Be: 


the plates were stressed nearly or quite to their ultimate load and, therefore, 
52 | ge had elongated greatly and had subjected the rivets near the ends to relatively wre 7 ae 

< large detrusions as ‘compared with Series A. Because failure of the rivets was. = a 


ee partly due to detrusion, and not entirely to the direct effect of loading, the rivet — A ' 
La shearing values in | Table 17 should not be used as a general basis for establishing z | 
the specimens of this designed to conform reason- 

am ably well to standards of practice, the various problems and variables are, of = 
ae necessity, interwoven. For example, in Series A and F the variations in <9 Ole a 


nominal length of joint involve differences in actual length, thickness (number 
of plates), grip of rivets, and number of rivets; they are essentially variations in 
q 


= 


_ size rather than length. yt In no case is the width of joint a variable. The © be ‘ee 
conclusions i in this section apply only to the conditions and range of these tests. ne “a 
is _ Herein the term ‘ ‘rivet strength” denotes the average shearing resistance of _ a 


me _ the rivets in a given group or joint. The strength is computed by dividing the 
is ultimate load by the total cross-sectional area of the rivets in shear, based on hel 

i a2 Effect of Length of Joint.—In general, at the ultimate load the greater the 
length of the joints the lower was the rivet strength, regardless of the method | 


which the length was difference in pitch, rivet 


saree 


Table “For example, for joints with rivets and plates, the rivet _ 
one was only about 5 kips per sq in., or about 10%, less in joints 7ft long __ 
—(Gighteen rows of rivets) than in joints 2% ft long (six rows of rivets); we 


joints with carbon-steel rivets and silicon-steel plates the difference was even 


Tes Furthermore, it appears that small variations in length are not important 
comparison with variations arising from fabrication inequalities. ? 


between the butt joints of different length (FSCA, FSCB, and FSCC), 


‘ ‘ the longer joints not only were lower in efficiency but also they failed essentially Dy a = 


omer: rivet rows was the only” variable, it appears that over the Tange 


? 
Effect of Rivet Pitch. —From the tests of Series B, in which the pitch “a 
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OF RIVETED JOINTS 
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STRENGTH OF ‘Rivers 
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Rivets, in Kips an «yt 
per Square Inch; 


Rivets, in Kin 
per Square inch 
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Grip, in inches 
At effective 
‘rivet yie 

At ultimate 

load 

Rivet rows 
Grip, in inches 
At effective 

‘rivet yield 
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7 _ * One-plate specimens, with exceptions noted. - Tt Pilot tests at the University of Illinois. { Two-plate 


«Effect of Kind of R Rivet Steel.—As compared with strength of rivets in small 


‘ joints (pilot tests) or in a direct shear test of undriven rivets, in the large Cy 


length, it seems fair to credit the manganese-steel this 


_ advantage si since fewer rivets are needed. For the joints of Series A, all of which oe 


failed i in the rivets, the. average ratio 0 of observed strength to the assigned rivet 
_ working stress (that is, the “factor of safety”) was found to be 3.73 for the 
‘Manganese- -steel rivets as compared with 3.52 for the carbon-steel rivets. 


of Kind of Plate Steel.—In the joints that failed in the rivets, 


hee effect of kind of plate steel was not large or consistent, although the decrease — 
in shearing strength of rivets with length was somewhat more morked in 


Single Shear vs. Double Shear.— the comparison is not direct 


being based on the tests of of Series A and F [see heading: of 


— 
wo 
as. 
8 47.5 | 63.3 | 78.0 
12 45.6/57.3|727 
SES 
tm 
= 
] 
ai 
— ~<a 


a: indications agree with the findings in the hare non- “driven rivets 
were tested in both : single and double shear. | b bun 


Section.—An outstanding finding of these tests is that the s' strength of 


* he plates in | a riveted joint is not directly proportional to the area of the > 
* net section, as commonly assumed in practice. The use of fewer rivets in the 
2 end rows than in interior rows is ineffective, as shown by the tests in Series = 
ors and D. Wide spacing of the end-row rivets (near the edges of the plate) is _ ny 


especially undesirable; in the tests of Series F it was found that differential 

pis has lateral contraction of the opposing plates at each end of the joint subjected — 

ve) such rivets to lateral strain which, combined with the longitudinal strain . 


a | ack ie tests of joints having the full number of rivets in the end row (Series Cc Ww 
aes a wl D), the efficiency was about 10% higher when the gage was about four 
unt a rivet diameters than when a gage of about three rivet diameters was used. __ 1 

"ig _ The experimental results bore no consistent relation to the specification = 
‘Tequirements for determining net section. In these tests, there was little 
= a ‘difference in strength as between joints having an end pitch of four to six rivet 

ee _ diameters and joints having an end pitch of two to three rivet diameters, cae 
oie although the ‘specifications would d assign a smaller computed net section to the ng 


Bt 7 latter group. Regardless of the number of rivets in the end row, the net 
aie * section found by deducting the projected sectional areas of rivet holes in the 


first two rows correlated better with the observed strengths t than did the net Pi 
section computed by standard specifications. is apparent that there is 
= nothing to be gained by using an elaborate formula to evaluate the effect of _ . 
piteh on net section for joints of this type. ba 


Butt vs. Shingle Splices.—There was little in efficiency as 
Be: the butt and shingle splices of Series F. The triple-plate shingle eal Pes 
| require less material for fabrication than the butt splice, as shown i in Table 
‘TABLE 20.—Marerran REQUIRED For Various Types oF SpLice; SERIES F 
Les 
| 


mrs a this advantage, however, may be offset by the somewhat greater difficulty of 
a 7 field erection for shingle splices. The partition of load between the splice 
plates agrees fairly well with the usual assumptions in ‘designing these splices. 
ha pel eo ‘Slip. —The relative movement, or ‘slip, of adjacent plates is of interest in a 
* =o the behavior of riveted joints. In fact, the rivets cannot 


resistance to shear until after slip occurs. Slip is believed to be of 
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ese four | stages: (I) 


- jo does not occur; (II) slip begins and the rivets are coming progressively 


into. ain) the ‘Tivets ai are in full and the relation is 
ii 


stages of joint action are not all the 
the loading of joints of various types. In joints having four to six rows of 
the end of Stage I may occur at a rivet stress of 10 kips per sq in. or less. | 
For thes single-plate lap joints of Series A, the ratios of the loads at the beginning ca 
of Stage III (as nearly as could be determined) to the rivet working loads are ag 
shown i in Table 13, Columns (6) and(11),, Lewitab 
a The ratio of slip measured near the ends of the joints to » slip nncntadl at the = 
middle of length of a lap became a constant when the rivets came into full 
_ bearing (Stage III). The ratio was a function of the length of the joints. ai 
| In the tests of Series A, the joints containing carbon-steel rivets exhibited Se 
markedly less slip than thee containing two-thirds as many manganese-steel a 
rivets. As between the various series, the slip was less for joints with full- o 
riveting than for joints with any other rivet pattern. 
Partition of Load Among Rivet Rows.—Under the assumption of 
elastic behavior of an ideal joint, in joints containing more than two rows of 


rivets, the 1 rivets in the end rows are subjected to more than the a average ge load 


rivet.? In these tests, the results of strain measurements made over the 
working range showed that in actual joints the same tendency exists but that i: 


arising from fabrication conditions cause ‘irregular and erratic 


_ load partition, and that the irregularities may be large as compared with the 
differences i in load partition called for by the elastic theory. id ag Sd ot goidion 
‘The following general conclusions - are drawn from various phases of the 


(1) At low (Stage the load partition among rivets may rbe e controlled 


‘initial tension of riv ivets, and character of the faying s surfaces; 


_ (2) After slip becomes general throughout a joint (Stage 11), ‘there is a 


; . in the various rows, a although uniform partition of load is ‘not probable; 
ea" (8) From limited data available, it appears that in Stage III the rivets in the 


_ end rows tend to take more than the average load per rivet; — Raettietren” © 
anon (4) Although no direct evidence is av ailable, it seems likely that in the ea 
part of the yield range (Stage IV), t the load partition among the rivets tends to — 
i 
(5) In the latter part of the yield range, the amount of plastic flow in the 
plates is so great that the resulting elongation is sufficient to cause detrusion of Bc 


end rivets, For {-in. Tivets, this rivet failure occurs” when the end slip is 
about 0.3 of the rivet diameter, and occurs ‘more in the | 
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TESTS oF RIVETED ‘JOINTS 
“ya general, wn mien it is probable that the partition of stress among rive 
js not uniform at any stage of loading, the test results indicate that an assump- 


' tion of | uniform partition is as reasonable as any that has been made. = 


The results of these tests, together with those of other investigators, ap- 7 
a. pear to warrant the following statements relative. to practice in the design of _ 


eritical area greater than about 75% of the gross area; 


‘a 
(2) There is no justification for elaborate formulas to De cain: 


stagger on net section; 


; ss (3) Joints should be as compact as s practicable (optimum results will ere ae 
ably by full- row I riveting with a of about 4. 5 rivet diameters 


ie ee tension members be based on, and expressed i in terms s of, stress in the 


_ gross section; and, that the net section be not less than 75% of the Bross” 


(5) The practice of assuming equal shear per rivet, , Tegardless of length of iz 
Fs (6) Except in comparatively heavy structures where reduction in size or a 

_ of splice is important, there is little reason for using manganese-steel 
es rivets rather than carbon-steel rivets. Owing to the greater slip that occurs in ~ 


joints with manganese-steel 1 rivets, carbon-steel rivets are preferable in members 


(7) Working stresses recommended for use in the design of riveted joints 


in for steels commonly specified, are in 

‘TABLE 21 —RzcomMENDED Working STRESSES F FOR Rivers Brice JOINTS 


‘Steel per Square Inca | working stress, 


i uare inch 


in gross section . 60.0 4 
Single shear in rivets Carbon 


a Double shear in rivets Carbon 
= 
Tecommended stresses were eloped from a consideration of: (a) The strength 


_ of the steels as indicated by standard mill acceptance tests; and (0) the rela- 
tions between the strengths of mill coupons and the ‘strengths of joints 

structural proportions. The relationships between the ‘strengths, in tension, 


of mill specimens and the properties of structural joints, based on a study | 
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{ Ratio. iy 777 of plate 
Useful limit point for a joint 


Useful limit point a joint 0.42 


nid 
Effective rivet yield for a joint site 


Bifective r rivet yield for a joint 


oe The foregoing ratios are applied to the strengths of Tr coupons to obtain _ 3 7 


a4 the effective strengths of the materials acting in structural joints, as given in 


= Table 22. The selection of strength values for mill coupons is based on an — 


examination o} of mill reports ¢ on tests « of steels of the given grades. It is believed © 
that the foregoing r: ratios are conservative. Inasmuch as—to avoid rejections— 

} “a the mills endeavor to supply material somewhat above the minimum secied, <i 
_ it should be safe to take values s midway between the minimum and the ner $l 


;- <i Vv alues taken in this manner are shown in Table 22 as “expected strengths.” 


TABLE E 22.—EFFECcTIVE STRENGTHS OF MATERIALS ACT AcTING 


=. STRENGTH IN ErrectivE River (For Unrmate 

ons Tension | | eg 

yield, kips kips per 


Tension in gross section of plate 


| ws 


: 


49.8 814 414 48.07 


To obtain the recommended working stresses for carbon plate and rivet 


- oe (Table 21), the strengths in Table 22 have been reduced by using a factor ait 


of about 1} in the case of » useful limit ar and about 3i in the case of th biz 


‘strengths. 
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oe 
we ordinary -earbon steel, some desirable property must we encroached upon to 


ie 


in proportion to strength. Likewise, the values of working stresses for man- i. 
_ganese-steel rivets as compared with those for carbon-steel rivets shot uld be © 

_ lower than their relative strengths because of the greater slip that occurs in 

» _ joints containing manganese-steel rivets. The rivet values in double shear per 

shearing surface have been taken as 0. 90 times those for single shear. — outta; 
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F. Gooprica, 13 BM. Am. Am. Soc. C. E. (t (by letter) is the writer's 
opinion that the two groups of tests on structural riveted joints, made in con- oe 

— _ nection with the design and construction of the San Francisco-Oakland Bay > 
_ Bridge, are unequaled in their contribution to the knowledge of the behavior of 


= joints. Most of those who studied Professor Wilson’s paper on “Fatigue — 
Tests of Riveted J oints’’® were considerably disturbed by the rather low fatigue 8 

: --Values obtained, especially for the higher strength steels; but they were more __ 

especially: disturbed by t the low unit ‘stresses ai at which slip occurred in the 

iG "strength, or the so-called manganese, rivets. It seems to the writer that, in so cae 

‘= as static loads are concerned, the results of the present tests confirm, rather eis 

than disturb, one’s confidence in riveted joints. ju te oy path 

As the factor of fatigue is absent from the tests described in this p paper, its e “ 

- quite properly have based their conelusions on the static tests of large, nae 
full-size specimens. _ This discusser would emphasize that there i is considerable 
 Ahigiie't in projecting laboratory results on small specimens into the design of 

structures without a sufficient study of other mitigating factors, ‘such as fre “y 


= of maximum loads, } yielding of Laendheay — me mbers and Tecovery 


considering four stages of action: Stage I, in which static friction 
vents slip, the end of this stage being at the point at which slip at the middle 
a of the joint takes place; Stage II, in which slip occurs until the rivets come into of 
bearing; Stage III, in which rivets and plates deform elastically; and Stage IV, Fa 
= which yielding of the plates, rivets, or both, occurs until either plate fractare 
or complete shearing of the rivets results. toby ) 


Comparing joints of carbon rivets with those of | manganese rivets, i in which 


ar the number of rivets is in proportion to their shearing values, the authors, 
confirming: Professor Wilson, find the average rivet stress at the end of Stage I a 
-. much lower for manganese rivets than for carbon rivets (roughly, one-half) but, Fy 
; Aa as the stages progress, the manganese rivets come into bearing and “catch up.” 
ia At the beginning of Btage III they are roughly equal, and in Stage IV be Bee ae 
: is manganese rivets have “come into their own” and their value, as ‘compared to 
the value of carbon rivets, is about proportional to the strengths of the materials. oe 
Regarding this matter of slip, it seems evident that engineers can no longer 
= consider that the friction between the plates of a joint, due to tension developed — 
by the rivets, is a measure of the joint value, even with carbon rivets in carbon Soog 
plates—especially as working stresses are being continually increased as struc- 


ion With respect to high-strength steels and high-strength rivets, these tests . 


* 


~ have proved that friction between the plates disappears at — at or below — 


ue 
| 
actual structures is sadly lacking. The profession needs such interpretation. 
a 
[ 
il | 
= 
<q 
4 
connections of a member probably either before, or as soon as it receives its 


gooprice ‘on oF RIVETED JOINTS 
full-load As the rivets come into bearing at these 
a - would seem advisable to have the rivets fill the holes as nearly as possible. — 
Eh. ie The writer believes that the optimum in this respect, with due regard to fabrica- es. 
of tion costs, has about been reached. Clearance between rivet and rivet hole Ps 
2 cannot be reduced without causing expensive difficulty and delays in entering. jas ae ; 
oe _ Furthermore, the limit has about been reached in human strength to handle 
heavier, higher-pressure, rivet guns. The writer believes that the driving 
technique now being used on large structures by reputable contractors, under 
competent inspection, secures results that are reasonably satisf actory. Special ae 
endeavor to upset the rivets to fill the holes more completely was made in the a 
of the San Francisco-Oakland Bay Bridge, including investigation of sample 
 drivings, but it is doubtful if it resulted in much better filling of holes in th 
actual structure than is accomplished in the usual best practice. 

‘There is a balance in economy that must not be ignored. If structural 
engineers continue to increase unit stresses and then begin to worry about rivets 
not entirely filling the holes and several other points of workmanship, they may a ha 

_ question whether economy has really been effected. The rivets in the 
cr dl joints of the tension tests on large riveted joints, presented in this paper, were 


_ driven under usual shop practice. Some of the rivets were gas long and it ie = 


showed consistently excellent results. In fact, they were 80 
good as to inspire the writer with fresh confidence in driving eee and oda 


4 strength and behavior of which have been so sadly lacking until now. © oa 
tests confirm, in large joints (as have all similar previous tests on oi: 
Recomm the peculiar capacity of structural steel to transmit stress efficiently a a: fo 
and safely from one part to another by means of rivets in shear and bearing. ae 
__‘The tests are a distinct warning that the connections of members subject — an 
to reversal of stress must be over-riveted, especially when using high-sitength = 
rivets. ‘There are not many members subject to reversal, however, in which 


stresses are large enough to demand high-strength rivets. Continuous = 


_ tures are likely to have several members subject to reversal, either at the design _ 

| 3 loads, or at a future over-load. Such members should be connected with an 

ample number of rivets to slip—perhaps more than have 

authors have arrived some rather startling conclusions, one of which 

é has been suspected by some engineers—namely, that designers have been wast- a Ss 

a, ing effort trying to m maintain an optimum net section at the ends of connections 2 a 44: 
ba or splices by the use of considerably fewer rivets in the end rows.  Thetests — By 


i demonstrate that this is a source of weakness, i in that ‘ ‘wide spacing of the — i: a 


= 4 


"requirements for determining net section,” and that “‘It is apparent that there : 


is nothing to be gained by using an. elaborate formula to evaluate the effect of 


AB 
“3 
= 
a 
= 
la 
it 
Bt } differential lateral contraction of the opposing plates at each end of th 
in 6 = subjected such rivets to lateral strain which, combined with the longit Bs 
strain, caused premature failures of these rivets.” Furthermore, the a 
an 


vor 
ON TESTS) ‘OF RIVETED 


Based on their considerations of the tests, the authors have offered several — 
applicable to design, in addition to the one already men- 
_ tioned regarding net versus gross section. It seems to the writer that these tests _ 
and recommendations should be given serious consideration by all structural _ 
engineers. There is room in this discussion for only a few points. 
ala, The authors have tabulated their recommended working stresses het use in 
. The working stresses for catbon, silicon, and nickel steels are given 
_ respectively as 16.0, 20.0, and 22.5 kips per sq in. on the gross section. © — 
ing that the net section is the minimum recommended by the authors (namely 
me, 15% of the gross), these working s stresses | give unit stresses on the net section — 
We of 21.3, 26.7, and 30.0 kips per sq in., respectively. These unit stresses are a 
high use in bridge design and are scarcely to be 


The writer questions whether the authors have not based thelr recoininendis ms 


of gross § section unit ‘Stresses for tension and 15% ratio on 


considered the effect of this recommendation on members built of rolled sections + 
a combination of rolled sections and plates? Consider, for the 


simple | case of a single | angle. a Any angle that has one hole for a }-in. rivet will aa 


have left a net section considerably greater than 75% of the gross. Therefore, 
a: unit stress that is based on balancing the 75% ratio is likely to waste material — i 
rolled shapes and even in plates. The gross-section- unit-stress method 

would be very easy to use, of course, but it would either call for too tight . 

ee gross to net, or it would: make it all too. easy to waste material and do 
away with all ingenuity on the part of designers and detailers directed go 

_ maintaining as large a percentage, net to gross, as possible. It scarcely seems 

possible to find a unit stress based lon gross. section that wih various ¢ condi- 

a authors recommend a somewhat smaller ratio of increase in wo a 

rng in the high-strength steels, as compared with those for carbon steels, 
than the ratios of minimum yields or tensile strengths of the mill coupons. — 
Ratios of working stress of 1.25 and 1.40 are assigned for silicon and nickel 
steels, ‘Tespectively, a and 1.33 for manganese rivets, as compared with 1. 00 for sae 

carbon steel. The authors’ conservatism does not seem to be borne out by the ‘ 


-Tesults of the tests but is based rather on theoretical considerations as, when a 


ts have gone sofarin | st 
a gone so far in st 
= |. this matter as to offer the proposal that “the allowable loads on riveted tension a - cr 
F - _____ members be based on, and expressed in terms of, stress in the gross Se a fr 
il 
st 
: ( 
a 
a a and they are, perhaps, applicable only to bridges in which the dead load consti- § | di 
te 
| 
Bis 
— 
— 
— 
— a 
2 
flow, and opportunity for stress distribution, must be sacrificed. The 
J oe seem to confirm, rather than upset, the established custom of basing the unite ae 
—— 
— 
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ON TESTS: OF RIVET ETED JOINTS 
greased ratio, a reason be kept separate deductions 
There i is a factor (which may be called a safety factor) that engineers are 
Bh: a prone to lose ‘sight of—namely, that the steels, as produced, have actually 
a ee better physical properties than the specified minima, because the mills, in order _ 

rey fl es toavoid rejections, “play safe” and aim to stay well above the required minima. 
_ The average minima run, as the authors state, from 5% to 10% above the 3 
“quired. This tendency to “play safe” is greater in the production of high- 7 
> strength steels than the ordinary carbon ¢ steels because of thé greater aaa 


be I It seems to the writer that both Professor Wilson’ s tests* and those described = ee 


shear as in single shear, ‘and that specifications should be written to’ 
agree with what seems to be authors have | 


practice of assuming equal shear per rivet, regardless of length of joint, is Me 


The tests appear to. justify (5), which states that 


satisfactory. ‘This is a very conclusion and inspires { further confi- 
dence in large riveted joints. lds ar Jenny baa 4} bak 
The writer cannot agree with Recommendation (6), which states that, 
except i in comparatively | heavy structures where re reduction in | size or weight of a 
splice i is is little reason for using manganese- -steel rivets rather 


members to gussets, economy is possible due to saving of 
material and number of Trivets. Furthermore, the use of manganese rivets 


bee makes for shorter connections which are recommended by the authors. _ There 
a: are genuine difficulties involved in detailing connections for high-strength steels a ; 


without a corresponding high-strength rivet. The writer believes that there 

iss is a need for high-strength rivets, although perhaps not exactly of the same 
pay! + chemical constituents as were used for the rivets for the San Francisco-Oakland _ 
Bay Bridge and i in the tests presented in this paper. A somewhat more usable, _ 
a 4 perhaps softer, rivet will probably be developed for main members, such as will 
ae - match silicon steel rather than nickel, as it seems likely that nickel-steel will be _ 

LR _ ‘Tarely used as compared with silicon, which bids fair to continue in wide a ue 
he A rivet that « can be used with a item of 45 to 50 “— per sq esthetepen seem to 


ph 


important series of tests, and on their careful and scientific analysis of them, 

resulting in material addition to the knowledge of the behavior of 

4 riveted joints, and in data which should (and undoubtedly will) be used widely 


__ FREDERICK . SHEARWOOD," M. Am. Soc. C. E. (by letter)—The dis- 


by structural engineers in the preparation of specifications. 
tribution of the loads in the rivets and the stresses in the material of large 


E ngr., Dominion Bridge Co., Ltd., Que., Canada. 
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x riveted joints is oe of the problems that, on account of its complexity and the a : 
indeterminate factors which enter into its resistance, have been avoided 
by mathematical theorists; and these joints have been designed by simpleem- _ fe Fs a 
rules and the designer’s common sense or judgment. The adequacy of 
riveted joints proportioned on the assumption that all the rivets in a joint 


equally stressed is a confirmation of the | ‘limit design theory” as presented by 


- 


J. A. Van den Broek,"* M. Am. Soc. C. E. There can be little doubt, and this 
ce paper confirms it, that it is the ductility of the material which enables the oan 
resistance to be safely distributed before the end rivets lose their resisting value. 
Although careful designers have had to adopt the practice of disregarding 


¥ the uneven distortion of material in a riveted joint, they have realized that “4 


them, 1 are most - timely and useful contributions to structural onineiiag. Py 
_ Many of the findings should be applied to modify standard specifications and _ 
P practice and so utilize more efficiently the resistance of these joints. ea ad 
tity To compute, accurately, the stresses in each rivet of a joint it would be 
- necessary tb know the exact clearance in the holes, the exact frictional resistance — 


The action of riveted joints as i in the of paper ‘eh 
= not appear to be possible if there is clearance in the holes and, unless the fries 
i a tional resistance is elastic. Considering that there is clearance and that the ao ; 
a friction is not elastic, all the stress must be resisted by the first row until it i ar: 


slips, because the strains in the connected plates must be alike if no movement _ ne i 
occurs between them. For instance, in Fig. 19(a), if no movement occurs the es 

strain in the two plates between Rivets A and F must be equal, and therefore 
Rivets B C D and F are redundant until the plates slip at A and F when B and 

| & will resist the surplus stress; and the strain in the Plates between B and E - 
be equal until they slip and C-and D come into action. ‘The condition 
the load is just below the total frictional resistance of all the rivets will be - 
- shown in Fig. 19(a) where Rivets A and F have slipped an amount equal to a 
the difference in the strains in the upper and lower plates from A to F; whereas ba ; 
“a the slip at Rivets B and £ is equal to the difference in strains from Bto E. If ae 
“ the load is now increased so as to overcome the friction of all the rivets, the et EM 
naps plates w will slip until the end rivets come to a bearing and shear in them resists — ra 
further movement. This condition is shown in Fig. 19(b), which shows that va 
- the interior rivets still have considerable clearance and so are only resisting by 7 
friction. If the load is doubled (see Fig. 19(c)), there will still remain a small ae 
clearance at Rivets C and D, and most of the extra load is taken by the it 
‘Tows, Aand F,and onlyasmallamount by BandE. = 
oath Figs. 19(d) and 19(e) show the relative, position of the plates when the erivets a 

are stressed according to Fig. 1. In Fig. 19(d) the general slip is made so that Late 
_ Rivets A and F are strained to the correct amount to resist 25 000 Ib in shear, 4 


“‘Theory of Limit Design,” by J. A. Van den Broek, Proceedings, Am. Soe. c. February, 


| 4 


= 
— 
7 all Lhe surlaces 1n Contact, the relative derormations due to shear 
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SHEARWOOD on TESTS OF RIVETED JOINTS. 


Friction 
Rivet —_ 


(a) TOTAL STRESS RESISTED BY FRICTION (6 RIVETS @ 5000 LB EACH) 


5000 20000 |_25 000 |] | 


‘STRESS EXCEEDS FRICTION OF ALL (6R RIVETS = 8330 LB, AVERAGE) 


P+ 0.00192"—»e—P + 0.00165" 5 
31000 in, Net = 25000 
0009. Lb per Sqin, 


P + 0.00135"-»e—P + 0.0015" 
(c) 100000-LB STRESS. 6 RIVETS =(16666 LB PER RIVET, AVG) UNIT STRESS IN 
OM PLATES 20000 LB PER SQ IN. GROSS, 25000 LB PER SQ IN. NET ai 
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SHEARWOOD | ON TESTS ¢ or RIVETED JOINTS 
=] and it is seen that the other rivets still have clearance and, therefore, should — 
resist except. by friction. In Fig. 19(e) the general slip is made 80 80 that 
‘ peers C and D are strained to resist the 2 500 Ib lb in shear, when it be ecomes — 


evident that the other | rivets s are strained far above the amounts { given by yal ete 


ease, as there is no o clearance, there should not be any early sudden slip as shown ie 
_ by the tests. Fig. 19(f) is an illustration of the rigid plate theory (general roar x 
a practice) which shows that the distortions at the h holes are acre at variance oy 


q the tends on each rivet will agree closely with this els elastic theory; but in is 


_ these diagrams are only approximations; but the diagrams may help to visualize 3 
: what takes place in these joints, and may assist in interpreting the tests. “a 
8 The tests show that considerable deformation can occur in the rivets sand * 
ee: holes at the ends of these joints, and that it is enough t to bring the interior rows _ ‘ 
7 — o considerable effective resistance before the strength of the outer rivets is 43 
destroyed. _ The total slip at the end rivets, according to these tests, ‘my 
amount to as much as in. . before failure e occurs. ‘This is far more than the 
I ~ elearanee i in the holes can possibly be, and must be » accounted for by ‘consider- pt, 
able distortion from bearing straifis in the rivets and plates, shearing and bend- 
ing in the rivets, and bending in n the plates around the end rivets. Itseems 
.. likely that the fracturing of the plates through the end rivet holes may be “a . 
primarily to initial failure around these holes rather than to the uniformly high “ay 
stress in the net area | of the entire plate. This may indicate why it is better to MES = 
* increase the number of rivets in the end row, thereby reducing the strains saround Si, 
_ these holes, than to decrease the average | unit stress in plates | by decreasing the 7 
—— tests were all made with continuous loading and the effect of inter. 
mittent loading and stress reversals have not been considered. It seems logical — 
and gn tone that much of the slip. allowed an the clearance in the holes and and apes 


be a slipped and the addition of the reverse load exceeds the frictional resistance of — 

a the rivets. Therefore, when reversals must be resisted, the least of the e alter- 

F ? native stresses in a joint (with clearance in the holes) should not greatly exceed = 
the value of the first row of of if of is 


Clearance in in the holes has often = considered as a means sof selloving nna 


st action in 1 them. appear to. ) show the reverse, and unless a a great proportion of the 

_ rivet resistance is due to friction, a better distribution is obtained without 
pa clearance. _ Cold- -driven rivets may be the best n means of obtaining this result e 
a. as very little cooling occurs after the driving pressure is removed. Experience ae 


rs with cold riveting in tank work would seem to prove that such rivets be fill Oe 


The ‘authors’ emphasize, indirectly, the importance of 


workmbnship because such faults as poor matching of holes must increase the 
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amount tof slip, and oversteain the material, — 
ia ete, must decrease the contacting surfaces and so decrease the friction between | oo 
oS plates. This feature suggests that drilling should give some advantage 
over punching, as the latter must deform the oie to some extent and so > 
decrease the area of contact between surfaces. 
_ Recommendations (1) and (2) of the paper are of great importance. — For * 
nto time, there has been a fairly general feeling among designers that the 
_ spreading of rivets to save section area was more of a competitive effort to save y 


- metal and meet specifications than to gain genuine strength. These ive 


_ appear to show quite definitely that nothing is gained by doing it. Recommen- 
‘ dation (5) seems rather too broad as these tests and theoretical considerations 
_ indicate that — strain in the end rivets must be increased as the length of oa 


The inne of the distortions 4 in as foun: 
py: _ by these tests, again emphasize that much of the designing cannot be based | 
entirely on the elastic theories, and they also indicate how useful the ductility 
_ of steel can be in offsetting the errors in the assumptions used in designing and — 
jn safeguarding the mistakes and abuses of workmanship. The ductile and the 
i; excess elastic properties of f steel m must often function, but seldom are ac- 


JonaTHAN M. Am. Soc. E. letter) .—The engineers of the 


4 San Francisco-Oakland Bay Bridge performed a notable service when they 


appropriated the sum required for a testing program on this large seale. uy ery 

seldom can a fraction of such a sum be found for structural research. One of 
: the probable results of this report, however, is that it will justify reliance in ce 

future (as other phases of the riveted joint are investigated) upon smaller 

; specimens and less expensive programs. - That is, i in future it may be adequate pea or 

to reason from small to large, now that data have been presented ona project 


In accordance with the desires of those who formulated this program, con- 


“useful limit point” and ‘ “effective rivet yield,”’ have been defined and recorded. a : 
‘This ‘Tepresents an inquiry as to whether ‘such rather phan. the 


4 tu The answer appears to be in the negative; the record suggests that the inter- ee 
at mediate points in question are not so sharply defined, and not so important to. i 


Structural behavior, but that the ultimate capacity of a joint, ‘much more 
“readily and certainly ascertainable, will suffice for designing. 
Be a Examining the lap joints (Table 5) which failed in the plates, one finds that og j 


“the yield ratio (Column (14) divided by Column (18)) is 0.61 and 0.54 for j-in. ae 
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om: TESTS OF RIVETED JOINTS 
oad §-in. pwr carbon plates, : and 0. .75 to 0.62 for plates in joints, as esa a 
0.64 and 0.56 for the mill coupons corresponding respectively thereto. — Te 
patio is expected to be 0.55 to 0.60 in structural steel. Therefore, if the en- ee 
_ gineer designs for a certain n factor of s of safety against failure of plates in a joint, mS 
he will automatically have an adequate factor against joint yield point. — roa ae 
% _ Examining the lap joints (Table 9) which failed in the rivets, one finds that _ ae 
the rivet-yield ratio (Column (19) divided by Column (26)) is 0. 57 to 0.71 for 
ie carbon rivets (lin 5 being less than 0.60) and 0. 56 to 0.67 for 1 manganese rivets : 


with: ‘respect to breaking loads he will be in a usual relationship with ‘the 


waoa 


_ the yield load and the -ahimate load for the more complex joints of Table 17, 
in which silicon plates were connected by carbon rivets. if 
ia, On the basis of this comment, designers ma may base riveted joint design u upon 


¢ is an important exception—the effect of pulsating o or r alternating loads \ upon 
a) 3 joints which may slip readily; but this is a subject for direct testing i in a taeiges 


ee “2 It is gratifying that these tests should have led to the authors’ ath conse St 
sion that “the practice of assuming equal shear per rivet, regardless of length of ee 
joint, is satisfactory. ” Their record shows that this may be said of all of the — 

: _ rivets in any one joint. —idIti is not so certain that it should be taken to mean that _ 


ee the same unit shear may be assumed for all of the rivets in a very long joint as ies = e 


Re 


for all of those in a very | short one. Rivet strength in 7- ft joints was 10% 4 
i re than i in 2-ft joints (heading “Conclusions from the Tests: Effect of Length a 


| 


not based on the results of the long joints. - Rather than do that, the writer y rete 
| eo’ 


would urge that they be based on short joints and slightly reduced for larger nt | ; 
ones, since there are possibly thousands of 2-ft joints designed and fabricated — 


Biss: Before any value can be assigned to a rivet, there must be Lie wNRi of the eae 

relation between the ultimate shearing strength of a driven rifet, and the 
a tensile strength of the bar from which it was: manufactured. Neither this 


a -Teport 1 nor the pilot test -report® deals satisfactorily with this important r ratio, 


“tension testing of the bar to shear testing of a joint, instead of using averages; 


and it would require starting with an annealed bar for the tensile test because 
the cooling conditions make ‘‘as-rolled” bars from the same heat so variable fi: 
os This has been done and rey reported elsewhere; 7 and the writer, in consequence 
thereof, approves the authors’ proposed 15 kips per sq in. shear for carbon ae 
rivets (if tied to 52 kips per sq in. - specified minimum tensile strength) is 
20 kips per sq i in. shear for low- -alloy rivets (if tied to 68 kips- per sq 


_ ® Report on Silico-Manganese Rivet A195-36T to Subcommittee II of Committee A-1, American Soci 
Testing Materials, byt the Section on High-Tensile Rivet Steel, 1938. 
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“for. static loads, as in buildings, and for bridge design if t tied in to live loading ay 
er de ‘Similar shearing tests (not published) have been made on dliven different — 
ae ‘compositions of low-alloy rivet steel, ranging from 64 to 83 kips per sq in. in 
ae ‘annealed tensile strength. It was found that the ratio ‘ ‘shearing strength o of = 
% driven rivet to annealed tensile strength of bar” was as low as 0.90 and as 
high as 1.065. The tests indicate that this ratio should be determined for each S =) 
ae particular rivet steel proposed for use; with that information at hand, and 
ee wit with the data of the authors’ experiments, the breaking strength of any struc- — 
a - tural joint in which the rivets are the weaker element will be predicted easily. — 
a The same is not true of the behavior of the plate material in ce that are 
adequately riveted or over-riveted. anit as | 
Most, if not all, of the tension members in riveted bridge 
( oe standing, have been detailed on a certain assumption which these experiments 
: tend decidedly to disprove. That assumption is that the safe strength at any 
Ber right section is proportional to the net area existing on that section. no 


“a ingly, economy of main material has been realized by so detailing as to start 


‘through the body of the member (tack rivets, attachments o! of ‘diaphragms, ete. a 
and, on entering a splice. or connection, to omit more and more holes as stress is _ 
Ee passed through rivets into the splice or connection plate, until in the heart of .y 
k the splice or connection as many holes are omitted from a section as the -— 
scribed minimum spacing of rivets will allow. itt 


ith a typical chord of a bridge built i in 1939, for instance, the computed net 


a: connection it is found to be 73%, the difference being accounted for by stress 
_ unloaded into the connection plates. The evidence of the authors’ tests is 
Aa that the section of 85% n net area is actually no ) stronger than that of 73% n - i 


OP area, the reason being found in stress paths and strain effects. TRS rigs: 


— Itis natural to inquire at once as to wast extent existing bridges are deficient — 


To that end the writer has had computed the factors of safety — 
3 of all of the splices tested in those experiments, dividing their “adjusted” yield Fe 
a loads and “adjusted” breaking loads by the working loads which would be | 
“permitted upon them under the present bridge design sertetion of dl 
American Railway Engineering Association (A. R..E. A.). adjusted” 


A load is meant the actual | experimental lo load, reduced i int the ratio at ‘the minimum Wi 
4 yield point, or ‘ultimate strength, of steel permitted under A. R. E. A. spopifice- a. 


tions, to the corresponding coupon value on the material used i in these ) experi- on of 


ments. The resulting factors of safety, therefore, are presumed to represent _ 


04 the least that could occur in practice, and are less than any average values that — 
x might be assumed from any average strength of material as ‘supplied. = Pore 
ie These “adjusted” factors of safety are shown i in Tabies 23, 24, and 25, Big 
ec corresponding respectively to Tables 5, 9, and 17. _ Each line in these tables ity ; 
represents the average of two identical test specimens. . The values in Column i 
(6), Table 23, are obtained from Table 1by multiplying Column (4), Table 1, — 
a by Column (14), 7 
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b=, dal rods for manganese rivets. The adjusted yield load (Column (9), Table 24) 


equals to teduce to the value of the 


‘material. The adjusted ultimate load (Column (9), Table 23) equals 


ST 9 WO reduce to the value of the weakest ermissible 


TABLE 23.— ‘ON Lap JOINTS FAILED IN PLATES; 


| Coupon| Sreciwen A.RLE.A. Savery Factor 
point, | Ini strength, Loap, tn Kies 


inches quare | By q re y wae. Column (6) Column (9) 
ont a test ‘| justed Column .(3) | Column 


a CCC2-2 | 6. 4 


= 


— 


* Column (2), net area by Specifications of American Railway Engineering Association, 1938, Par. 7 
409; (3), the same, ied by 18 000 Ib per sq in. 


Véiues for load in (6), “Table | 24, ‘are equal to Column 
> X 18. 5 for carbon rivets and Column (5) x 18 for Manganese rivets. — 
values in Columns (7) and (10), Table 24, copied from Table 4, are not very — 
_ satisfactory because they are averages of more than one heat. These values wes 
: were obtained from 95 ‘as-rolled” rods for carbon rivets and from annealed — 
(8), - for carbon rivets; ond for 


rivets: 28 in the specified minimum yield point under specifications 


of American Society for Testing Materials (A. 8. T. M.) A141-36 and 38 kips . ee 
per sq in. (annealed) i is the specified minimum yield point under A. S. T. M. BS 
_ Specification A195-39T. The adjusted ultimate load (Column (12), Table 24) a 


equals for tivetnadd for manga- 


Column (11) X 5 Column (11) X 68 


ese rivets; 52 kips per: sq in. is the ‘specified minimum ultimate strength under = 
a T. M. Specification A141-36 and 68 kips per sq in. (annealed) i is the: speci- 


sic Table 25, the adjusted ultimate toad for the = i 
- Column ( (6) —, and fo for als Column (7)? 


kips and 52 kips being ‘the thabidiiadeada ultimate strengths for plates a and rivet 


= 


ak. 


te 


Ls 
q 
Specie 
| 
68.3 | 485 | 426 (1.58 8.05t 
60.6 | 204 | 339 205 
— 389 | 343 83 | 2: 
3oz2 | 229 |.700 | 419 | 350 ise 288 
 €OC2-5 | 6. 69.9 | 418 | 359 80 | 2 
g 35 | 366 7.7 | 697 | 617] 1. 
7 rf 2 | 713 L 
11.76 | 212.0] 39 441 | 374 68.2 on it) 
i130 | 200-0 | 38 422 | 363 | 67:2 | 677 | 1.74 
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JONES ON TESTS ‘OF RIVETED: JOINTS a 
5 as bars specified by A. R. E. A. materials specification. ai) The faetor of safety at 
am the yield point was not ‘computed because the joint yield point was difficult to — 

relate to the plate and the rivets, respective y. pon 
on Lap Jornts THAT FAILED IN THE Rivers; al 
carbon; § = = silicon; Ni = nickel; and M = Manganese) 


SPECIMEN 
1ELD Loap, 


n 
h 


 Sarery 


"Allowable load, in kips 
Coupon yield point, i 


> 


per square inc 


Column (12) 
Column (6) 


ds 
pon ultimate 


in pounds per square 


Column (9) 
Column (6) | 
Ultimate 


~ poun 
Cou 


~ 


ACM12— 

ACM24 

ACM36 
ASM12 
 ASM24! 
 ASM36! 


nang 


a: 
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45 
43 
82° 
90 
59 
‘ 
93° 
85 
84 
80 


DN 


3. 
3. 
3. 
3 
3. 
08 | 3. 
53 | 3. 
43 | 3. 
41 | 3. 
56 | 3. 
72 | 3. 
43 | 3. 
75 | 3. 
92 | 3. 
82 | 3 
08 | 3. 
08 | 3. 
96 | 3 
33 | 3. 
3. 


TABLE 25.—TEsTs oN Butt AND SHINGLE Stupy BasED ON 


Couro 


4 | (inch | By | justed 
Table 4) | plate 


— 
Rivets 


— 
— 
— 
4 | | — 
| 28.28) 382 1030) 730] 57.2 | 1446) 1 318 = 
1 1 1 640} 1160} 57. 
4 q 401) 57.2 | 775) a 
1414) 191 417 7.2 |1525| 1388 — 
1 680 37.2 | 2 168 | 1970 
557| 430| 74.7 | 715| 650 
| 24 |18.85| 340 1070} 828) 74.7 | 1 460/ 1 326 
24 |1885| 340 1195} 924| 74.7 | 1470] 1 340 
| 28.28] 510 1 610 | 1 74.7 | 2054) 1 870 
ONi 12 | 9.43] 170 606| 468| 74.7 
22 | 17.28) 233 650) 460 = 
BEC-200 | 198] 57.2 | 358] 326 
Seer 14 | 11.00] 149 204) 57.2 | 623) 566 
| 
ty | eo | | © | — 
FSCA |. 12.42 | 22.8 | 208 | 308.5 | 91.5 | 58 | 949] 830 
F8CB} 2484 | 456 | 596 | 617 | 91.9 | 58 | 1850 | 1610 26 
7 90.4 58 1799 | 1595 | 1610 | 268 | 2.6 
| 24.83 | 45.6 | 596 | 617 | 904 | 58 | 2320|2300/ 261 | 259 
| | 2688 | 2325 | 2410 265 | 2.61. 


JONES ON TESTS OF RIVETED JOINTS = 


For lap specimens failing i in plates (Tables 5 and 23), t factor 
au adjusted yield load varies from 1.69 to 2.17 and that for adjusted to oe ae 
= varies from 2.85 to 3.51. For lap specimens failing i in the rivets (Tables 9 and ag 


4 


xs -— this safety factor for adjusted yield load varies from 1.92 to 2.92 and that os 


for adjusted ultimate varies from 3.36 to 3. 95. For butt and shingle joint 


Rater (Tables 17 a: nd 25), this safety factor for adjusted ultimate varies ae 


a from 2.61 to 2.79. As against these may be set the minimum factors of safety Pa 


Yo intended | by the writers, ig = is 


a One interesting circumstance is that, as regards ‘“‘adjusted yield load,” the 

ee, = specimens CCCO and DCCO, both of them plain material without an any 
holes or rivets, are more deficient in factor. of safety than any of the riveted 
This is not true as regards ultimate strength. Deficiency in joint 


q yield point, , therefore, is is not taken too seriously as a criticism of 


in carbon steel design, are apparently never below ‘the: intention by more 


8%, and seldom below at all; but 333 5% an and 335 3.33 78. 3%; D 

therefore against ultimate, in ‘carbon steel design, are. occa- th 

4 as much as 15% below the intention, and in ‘silicon steel they 

habitually lower yet. Viewing this latter from another angle, it is 

carbon members had been designed for 21 kips 

sq in. and silicon steel for 7337 = 30. 6 kips | per sq in., neither of 

= — which values would meet with general approval in a specification foranew of gq 

authors wish to place tension-member design on a basis more in accord b 

with their test results, and at the same time they apparently desire not to add 

too greatly to the current costs of bridgework. Accordingly they recommend: in 

(1) That tension members be designed for gross section; (2) that 25% be taken 
out of the critical sections and no more be permitted to be taken out at other 

sections; and (3) that the allowable unit stress on gross section of carbon n steel 

4 The writer believes that the first ‘recommendation involves too many diffi- 

culties to be acceptable. For instance, many tension members are being built 
to-day with top and bottom cover plates, pierced with oblong holes, say, 12 in. fat 

wide, to access. These cover plates are reduced i in net width by: nearly 
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have to ion such cases on the basis of the picture that existe, and the writer ate = 
feels that a net- section basis, however modified, will necessarily be retained. 2 


‘Since additions on the ‘order of 10% to 15% to the gross section of riveted 
a , os tension members are not acceptable economically, designers will begin a search a 
eS = _ for expedients whereby | no such additions need be made if the fading: of these es ei 
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tests are authors realize this, and they 
a = expedient, namely (see Recommendation (3)), that a gross unit stress of 16 000 


lb per sq in., which is equivalent to 21 333 lb per sq in. on a 75% net section, 
we be substituted for the 18000 lb per sq in. of net section found in current 
_ As one argument for such increase, the authors cite the excess of coupon é ve 
woth they have found over the specified minimum, amounting | to 10% at 
ns yield point and 5% at ultimate. To the writer this excess seems not available at 
for design purposes. . It is true that he has seen few yield- -point reports that 
did not exceed the specified minimum, but he has seen many reports of ultimate 
} - tensile stress that were a few hundred pounds under or a few hundred — 
. To depend, definitely, on all steel being, by some percentage, — 
than the specification requires is illusory. _ Designers should continue to assume a 
that steel of the minimum permitted « strength may be built into any za . 


eh; the authors in the fact that the ratio, ———,—_—__—_____ 
than 100% (103.6 and 105.7) for Specimens CCC5 and DCC5 (all holes out), 


a it varies from only 83.3 to 96. 7 for the nine Specimens CCC2 and es 


Sy ate failure through the net section of full-row chain riveting may a 
—, be expected to show a strength i in excess (possibly 10 percent) of the 
theoretical value. The omission of alternate rivets in the outer row | nM 
causes a loss of strength in the net section failure as compared with full-row a 


a Sia riveting, and may even show less than theoretical strength.” 


ay 


urther confirmation i is found i in wide-plate tests by Wilson, Mather, aa 


1 rivet spacing the sam 


by 6.5% for two rows and d by 7. 57% for four rows. Other joints with certain | 
rivets omitted from the outer rows, while their total capacity 1 was thereby 
increased, showed less unit strength on net section than the coupons. pe Ong 


+ However, it will be r noted that these reported increases of 3. 6% to 10% i 7 


- proposed i increase from 18 000 to 21 333, or 18. 5% in working stress. pom 


‘The increase « over coupon unit strength was obtained by the authors te 
Specimens CCCs and by Gayhart, and also o by Wilson, Mather, and 


exist in built-up members, where angles, for instance, ‘prevent this per-— 


By: fectly uniform spacing of gage lines. _ Before the results of Specimens CCC5 _ 


= specimens, except that the s spacing of: the eaee lines should have variations up 


uj _ “Tests of Joints in Wide Plates,” by Wilbur M. Wilson, M. Am. Soc. C. E., James 7 and i j 
0. Experiment Station, Bulletin No. 239, Univ. of Illinois, 1931, Table 9, p. 
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the even spacing of gage tines i is not the in 
— of Specimens CCC5 and DCC5 in these tests. Comparing their designs (see e aA 
Fig. 3), the distance from center of splice, where both plates are carrying the oe 
Bike same unit stress, to the extreme rivet row where the stress in one plate ue 
& ae doubled and in the other reduced to zero, is seen to be 2 in. for Specimen COO5 eo 
and 6 in. for Specimen CCC2-2. It is 6 in. for Specimen DCC5 and 9 in. for i 
Specimen DCC2-3. b Is it possible that the effect of differential plate stretch, ee 
elsewhere cited by the authors as a reason for failure in the end row, was here a 
— little favorable to Specimens CCC5 and DCC5? It would seem that ae 
Ee tests are indicated, gradually increasing the pitch between the two rows hak 
Specimen CCC5 and thus increasing this differential stretch. 
Furthermore, some tests should be run in double shear. A factor which — oe 
- San thus be eliminated is the influence of bending on lap sp specimens. What- 
ever this factor may be, it may have been different on the short joint, CCC5 Es e 
_ and the longer joints of the CCC2 _ 


Therefore, the entire question of specification revision should await a more 


complete range of tests, simulating a number of practical arrangements of parts — 
(plate with two flange angles, etc.) in which it is impossible to achieve an ideal 


stress path. would seem that lighter and smaller specimens would serve 


2 Until further information i is thus obtained, it would be to adopt 


i 
. 


_— 


as to unit is that the factors of safety tthe author thereto 

_ have been shown (as outlined i in the first part of this discussion) to be all that 

4 exist in at least some parts of some existing bridges (and can at any time exist, 

ma under current specifications); and these bridges appear to be satisfactory. It 
seems doubtful that this will be a gerteral attitude. It is possible that, in = 

course of time, designers might adopt, and detailers the prin- 

 Itse seems 8 less 


foreed with a pair of pin plates attached by: fillet and plug welding. In front of 
the pin, the | pin plates tapered toward the center of the bar. wll 
The welds at the forward end of the pin plates, where the differential elonga- a 
tion appeared i in the authors’ tests to be SO severe on rivets, showed no distress. ee 
- These fillets were equal to, but not in excess of, the requirements of the Ameri- a 
can Welding Society Specifications for Welding of Bridges. After failure a u 


‘(through bolt holes in \ the ve hady of the bar), the whitewash had not scaled away 


sto at least an inch; and by still other specimens in which most of the 25% ares ot era 
fu 
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WINTER ON ‘TESTS OF RIVETED JOINTS 
There i is an here toward an in expedient for joint to 
- the situation revealed by the authors’ _tests—namely, before entering a 


‘full gross section used in the design, and fullewst riveting can be used 
throughout the joint. This expedient must be regarded with caution because 

my - (a) its effect: t upen strength in fatigue remains to be proved by test, and (>) * 

fabricators are not prepared to do gs on main members in riveted con- _ 


"important to structural designers and demand new thinking with respect: 
tension- member design. They point, how ever, toward many tests 
to be made before general changes in specifications are undertaken. _ 


Rivets—The rivet is the fundamental of joint. 
“two main variables of rivets are the grip and diameter. It is suggested that 
a there i is, or r should be, , some relation between small pin nand rivet design. 7 Fig. 20 : 


to be a very important factor. . The tests ; reported i in the paper indicate that 

Phe a decrease in strength can be expected as the grip increases, but the tests 
have & very limited variation of grip. Fatigue tests at ‘the University of 
£ Illinois support this conclusion - German fatigue tests have developed breaks — 

me writer suggests that the specifications on long rivets be be made more 

, conservative; for example, “ ‘Rivets (long | rivets) subjected to calculated stress — 
and having a grip in excess of two diameters shall be increased in number at 

. least 16% per inch of grip.” ey Tests to isolate this pro oblem should be relatively — 


= 


case. If the bending i is only half as sivoch as | assumed i in Fig. 20, it still a a 


In Fig. 20 it appears that, for thin plates, bearing is important. _ These ; 


wae were made on relatively thick plates so that bearing for thin plates wa was 

3 not revealed. | There appears considerable evidence that the allowable bearing , 
stress can be quite high. It is probable that the rivet heads confine and assist att 
joint by distributing the load over alarger area, 
_ End Distance-—The tests reported in the paper did not indicate much need _ 

ot for greater rend distances, but these tests were for relatively thick plates. One 

proposed specification calls for the end distance, or edge « distance, to be such ie 
as to give an area equal to the shearing area of the rivet. It appears reaso 
_ able to demand that this area be maintained between rivets to prevent tearing. 
Proposed: “The pitch should not be less than the end distance plus one-half 


> 


| 

— 

he 
j o the writer more valid than 
for fairly steady stresses, this expedient appears to the’ 
ward revision in tensile unit stress. | 
— 
| 
= im 

— 
— 
Git 10 ROTA ae 
Ses. Engr., Bridge Dept., State Div. of Highways, Sacramento, 
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‘Piteh— —In the series, was used, there is an 
indication that the maximum efficiency can be obtained when the pitch is 

two- thirds of the gage. This point can possibly be explained by the distribu- 

7 tion of the Lueders lines. if the lines are at _ then with the pitch tie 


 etede and the effect of pitch and gage on the stress in the plates. 7 
parrda 3 


‘tele 


vests. 


, Searing = 47 = 30000 tbper sain, 
‘Shear =f,=15000LbperSqin. | 
Flexure = = 30.000 Lb per Sq in. 
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from Tests: Net Section” the following is 
made: “The experimental results bore no consistent relation to the specifica- — 

_ ‘The writer concurs that the tests do not tt agree with common practice and — 
methods as shown in textbooks. However, net section, as used in the analysis e 

of these tests and common practice, appears to be contrary to a strict inter-— 


ne pretation of of ‘Present specifications, which ‘state that : “The net section shall 
be the least area which ¢ can 1 be obtained by y deducting from the ‘gross ; 


; 


4 

4 
— 

| 
— 

Ws 
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ake advantage of ‘this property and u use ‘the ‘nominal ‘diameter ‘of the ee 


when | the holes are subpunched and reamed? 


TABLE 26. —CoMPARISON Prorecrep Net AREA AND LEAST Net AREA 
Area, in Square IncuEs  Unrmare Srreneru, PounDs PER 


Specimen 


i 
Protected net area 


56. 


in ite 


CCC2-2-1 
CCC2-2-2 


of 


69. 
68. 
68. 
69. 
69. 
70. 

. = 
67 
ez. 
67, 
67. 
68. 
68. 
68. 
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INNS 


wo 


1246 1768 


4 37.07 32.18 
36.90 | 32.02 


24.76 21.51 
bait 89 21.60 
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* Protected net area is the first row ast arenasusedinthetests. 
_ t The least net area is based on the nominal diameter of the rivet, deducting one hole for each gage line. ‘i 


; rear 26 gives the ultimate ate strengths based o on the nominal diameter of the ae 


vei 31.40 


> 


‘section obtainable. . Iti is found that the least net shétiod is in fair perro 


the u ultimate strengths based on mill i coupons. of the date ta'from 


” Tf the foregoing specification permits the protection of the net 

omitting rivets in the first row, then the specifications need revision. 4 
«67 
— 
— 
— 
= 
— 
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important conclusions from the tests given by the authors are: 


i tests, and will be the subject of the present discussion. _ — 


results based on ‘the least net section. = j 
aa _ On e very d desirable quality of any specification is a basis upon which the 


= ultimate strength can be predicted. _ The present tests do not have large 


riveted joints with full-row riveting and it seems desirable to perform these 
: tests before the specifications limit the riveted joints to 75% efficiency. o set os 
of comparable butt-welded joints might also be worthy of consideration, | 
Proposed: “Tn calculating the required n¢ net section of riveted te tension ‘mem- | 
bers, net sections shall be used in all cases; and in deducting r vet holes, the © 
holes shall be taken as: (a) 7g in. larger than the nominal diameter of the rivet a 7 
_ for punched holes; (b) the nominal diameter of the rivet for reamed or drilled 3 
= holes. In determining the net width, one hole shall be deducted for each uy 


rivets, the tests indicate many coarse square fractures with very little redustion ce 
‘ta of area. If there i is s transverse § shear 0 on the rivets, there must be es sad 


probably contributed to the curling and bockling of the plates. ‘The 

stress appears to have we caused the square breaks. question might bi be put: 
r.% “What i is the effect on on yield, ultimate strengths and reduction of area if the 2a 


The tests seem 


Soc. C E. (by letter). —To writer, the tw 


@) The ultimate strength of a large group of driven rivets equals, 
ie: the sum of the strengths of the individual rivets; and, | ee 
 ©& Omitting alternate rivets from the outside row of a group of rivets, or 
.  iamamae the transverse distance between the 1 rivets, does not add greatly to 
~ the effective net section of a riveted tension member. Conclusion (1) is 


_ reassuring and highly gratifying. ~ Conclusion (2) has been indicated by other 


as ‘The specifications most used in the design of American steel bridges contain ge: 


+a 


for determining the effective net section of riveted tension members. 
| These rules s assign | considerable importance to the relation between pitch and 

gage if some rivets are omitted from the outside row and do not recognize the 
effect of the transverse spacing of the rivets upon the unit strength of ~~ 


- section through | the rivet holes. . (The outside row of rivets of a joint ec corre 


7 
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It appears that a co-ordinated program of vite ke 
a 
| 
Sag 
Tow & gusset plate in the case of a riveted vension 


“eating that the ratio of pitch to gage for staggered rivets is a minor feutes and 
that the transverse spacing of the rivets is a major factor affecting the = 
of riveted tension members. The tests reported in this paper are of value in 
that they ; add to the > accumulating ¢ evidence that present specifications are in 
The writer has searched Amevizan literature to obtain experimental data to 
- be used in a a study of the effective net section of riveted tension members such as 3 
are used for truss members of steel bridges. With a few exceptions, the s tests — - ig 
BS included in this study comply with the following requirements: (1) The width : 


of the: specimens varied from 13. 5 in. to 22.5 in., inclusive; (2) the strength 


of the plate “material as given by tests of standard control specimens waS 
reported; (3) the specimens failed in. the plate; (4) the specimens had either 
oe fin. or 1-in. rivets; and, (5) the joints were generally i in accord with whatis 
accepted as s good lg practice. a Howeve er, r, there were ie followi ing g exceptions ee 


A, 


} Arsenal ;* twenty-one tests made for the four tests by Mr. 
> Harris; ;33 ‘and, sixteen tests made at the University of California and 
reported in the paper being discussed). In to the foregoing, a number 


study of the effect of the 1 ratio 0 of pitch to gage gage upon the effective net section. 


Tests; Holes 


Ultimate Strength,= 


Utimate Strength, in 


to the of ar a rule for determining the effective 
ection of riveted tension members, the writer made one study to determine 
he effect of the ratio of pitch to gage on the strength of joints from which some a 


mine the effect of the transverse dishenes between rivets upon the unit 
Thesestudiesare presentedherein. j= 


The tests 1 used i in the : study to determine the effect of the ra ratio . of pitch to = 
i upon the strength of a joint from which rivets were omitted from the outer _ 


... ®“Effective Net Section of a Riveted Joint,” by C. O. Harris, thesis presented to the University of 
—— Dhinois i in 1930 in partial fulfillment of the requirements for the degree of Master of Science. — 


— 
| 
5 2s the rivets but at a plate stress that made the tests of value. Forty-nine test . ee 
__ | reported by four investigators complied with these requirements, except as a 
| 
| 
— 
a” - 
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— 
— 
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WILSON ON TESTS OF RIVETED JOINTS 

a row neha those made by Mr. Harris, some made for the U. S. Navy, and 
-# some made at. the University of California. The tests made by Mr. Harris, 


a and the | details of the joint, are shown in Fig. 21. Two series of tests of riveted 


joints are reported: For one the holes in the plates v were punched (Curve @), sh 


- and for the other the holes were drilled (Curve (2)). A third series of tests was 

a a made by Mr. Harris for which the specimens were plates without joints, but “aa 
a? with open holes of the same > pattern ; as the rivets of the specimens with riveted 
results of these latter tests are shown by Curve (1) in Fig. 21. 


: diagrams represent the ultimate load and the abscissas represent the ratio of de 

_ pitch to the gage. The strength of the plate material was determined by tests 
i of standard control specimens for all of Mr. Harris’ ’ tests, and the ultimate — = 
strength for all specimens has been adjusted to a common plate strength of 
— 57 000 lb persq in. It is to be noted that the plates with open holes tested by a 
é Mr. Harris were stronger than the plates connected with rivets. The re relation — 

. between the strength and the stagger, as computed by the American Rang 


5 Engineering Association specifications, is given in Curve (1), Fig. 21. boating. § 
of Tests made for the U. S. Navy by E. L. Gayhart,* and used in this study, 
six each with the rivet patterns shown in Table 27. Each group 


TABLE or RELATION or TO Gace Upon 


NET Suction or Riverep TENSION MEMBER; Tests FOR Navy 


2 


Maximum load, in pounds 


Stress on gross section, in pounds per square inch i; 65 960} 52 690 

Strength of control specimen, in pounds per square inch... 60 | 80740) 64975) 
Effective net area, by test, in square inches oat 13.4 49 13.13 

Net Section by American Railway Engineering Association 4 4390 
specifications, in square inches 12.381) 12. 38} 13.58) 
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plates. For the specimens with carbon-steel plates, the ides of the rei c= 
ra the average of three tests in each instance, was 0.84 for Type B and 0.81 for = 
| plates the corresponding 
efficiencies were 0.82 and 0.80. That 
changing the pitch from 0 to 
=< the gage decreased the efficiency | — 
of the joint only about 3 per cent. = > 
(The term efficiency as used herein i. 
is the ratio of the ultimate strength — 
as determined by test to the product — 
of gross area of the section 
the unit strength the control 
_ Two series of tests made at the — 
California, and re 
ported by the authors” 
“Table 5), had the rivet pattern shown = 
for Specimen CCC2 and § in. for The piteh, ‘2, 
- values of 2 ‘in, 3 in., 4 in., 5 in., and 6 in. for CCC2, and 3 in. , din., , and 6 in. ee. 
for DCC2. 4 The values of the efficiency of the joints for the various values — ~ 
were as shown i in Table 28. 


or consistent: change i in the efficiency of the joints. 
$2.) 


TABLE 28. —INFLUENCE OF RELATION oF Pirce TO Gace Uron Errecrivs 


Net Section OF RIvetep TENSION MEMBERS. 


 _Deseri tion 
Wi u od: 
bade 


Ultimate load, in thousands 
of pounds per square inch. 400.0 | 428.0 
Stress on gross section, in| 
pounds per square inch... 51.5 53.3 
Strength of control specimen, i 
in pounds per square inch. 66.7 67.55 | 68.5 65.8 65.6 
in square inches . . 6.00 . | 10.50 10.46 
square inches 6. 6.52] 693 | 7.17 | 7.13 | 10.97 | 11.62 11570 
Efficiency i 0.772} 0.790] 0.768) 0.804) 0.803} 0.793 $4 
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SPECIMEN 


= 


1996 end doliose Jou 
The of the three independent investigations,*-* agree in one 
tant respect: The strength of riveted joints, with some rivets omitted the 4 a 
outer row, is not t greatly stented by the ratio of ‘the piteh to the gage. a 
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<a on the unit strength of the net section of the plates, only two o types of joints} wele ts ae ao... 
included: (1) Joints with no rivets omitted from the outer r¢ row; and (2), joints < 40) 

he with some rivets omitted from the outer row but only those whieh had a pitch | : 

or greater than, the gage. They i included tests from all four investi 


The relation between the rat tio, Strength of net section 


the transverse distance between rivets is shown by the small circles of ‘Rg. 23. a 


3 
a. 


D> 


“are 


at 

% 


Strength of Control Specimen 


a8 


numeral adjacent to circle indicates the oft tests of identical 
specimens averaged. The study includes twenty-eight tests anda variationin ‘ 
= gage from 2] in. to 8 in. The points marked A and B are for specimens that ae = 

; Bans in the rivets. It is apparent from Fig. 23 that the unit strength of the a8 

section of a riveted tension affected by the transverse 

In view of the discussion in previous paragraphs, it ‘appears j 

: that any rule for determining the effective net section of a riveted tension i a ry 

member should take into consideration the net section through the outer row Ds 4 


ee § of rivets and also the transverse distance between rivets. _ Furthermore, ee aa 

would appear unnecessary to consider the effect of minor variations in the 

ni = of the pitch to the gage for joints with rivets omitted from the outer row. ae 

~ With these ideas in mind the following emp: empirical rule for determining the 


effective net section has been developed. 


net (Ws) of a riveted tension member is by the ce 
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ON TESTS OF RIVETED JOINTS 
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1270, 


in.; v= ‘number of rivet holes | to be and, G = = transverse 


rivets, or two times the « edge ‘distance, is the 


rivets are omitted the N and G shall be determined by T 
i the rivets in the outer row provided the pitch equals or exceeds 0.80 of the 48 P hi 
gage; otherwise the intervening rivets in the second row and all of the rivets 

in the outer row will be considered in determining NandG. 

Bi Equation (4) is composed of two parts: One is the actual net width, and the» a % 
- other is a factor to compensate for the effect of the transverse distance between 4 pe be 

a ___Unit strength of net section Values 0 of this ater } 

factor | for various values of of are shown in Fig. 24. 4 
‘The proposed rule for determining the section of riveted 
ter tension members has been applied to the forty-nine tests of the four i investi- ne 4 oe i 
gations cited at the beginning of this discussion and the results are 
> presented in Table 29. In this table, Column (5) ¢ contains values of G ie A = 
termined in the manner described in the preceding paragraphs. - Column | © ae 


gives the efficiency of the joint, the efficiency being the ultimate load, as 4 
a determined by test, divided by the product of the gross area and the unit pa 

strength of the control s specimen 1. Column (7) gives the effective net section 
as given by test, this being the ultimate strength, as given by the test, divided ty 
by the unit t strength of the control specimen. Columns (8) and (9) give the 
‘computed values of the net section, the former being by the A. R. E. A. specifi- 
— eeiens for railway bridges and the latter by the proposed specifications. 


ee. , Columns (10) and (11) give e the ratios of the computed to the test values of the 9 


a section, the former being for the A. R. E. A. specifications and the latter for 9 pif 
the proposed specifications. value greater than unity indicates that the 
computed value exceeds the value determined by test. A perusal of the 
ve. z., in Columns (10) and (11) reveals the agreement between the computed values a oa. 
-__-_It is of interest to note that the largest value of R given in Column (10) is a 3 
1.149, in Line 21, and the smallest value is 0.820, in Line 15, indicating that the ie . 
A. R. E. A. specifications gave a value for the net section 15% too great for one : 
specimen and ‘18% too small for another specimen. The largest value of Ry Ly ‘ 


- given in Column (11) is 1. 061, in Line 21, and the e smallest value is 0.928, in ee 


eer Line 15, indicating that the maximum difference between the two values, one — 
* given by the proposed specifications and the other by the tests, is only 7 per cent. 1 4 
____- It is to be noted further that, in general, the proposed specifications give avalue 
a more ; nearly equal to the value given by tests than do the A. R. E. A. specifi- e 
cations. Moreover, the proposed specifications "penalize » the bad practice of 
using an extremely large transverse spacing of the rivets and large edge distances ae 
in the outside row of rivets, expedients which, according to A. R. E. A. a : 
gations, result in a high efficiency ‘resulted in 
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A the proposed rule, Gis s defined as the spacing, or the 
* i edge distance, whichever is the greater. 5 If the transverse spacing varies, the 


widest space, we two times the edge distance, i 


CaRRON-STEEL Rivers AND CARBON-STEEL PLATES 
7 


G,in | ciency | Railway 
Diam- | inches | of joint Gs a 


4 WaTERTOWN ARSENAL Tests 


0.875 6.75 
0.875 
0.875 
0.875 


PO MM 


|. 


a 


koe 


© Tzsts sy C. O. Harris 


10.00 | 121.32 


300 | osi2 | 12.20 
0.813 | 9.64 | 10.00 | 9.55 


0.875 | 8.00 1.037 


0.708 
ged | 


. : ot the tr transverse spacing, the net section can be expressed as a fraction of i 
i area and the value of the fraction depends only upon the ratio of G to 
‘The relation between the ratio EHective net section nd the ratio = is given i in ‘ 
Fig. 24(b), Iti is apparent from that the efficiency of a joint does - 
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not increase appreciably with an increase in the transverse 


authors have drawn the conclusion that the efficiency of riveted 


tension n member | does not greatly exceed 75%, irrespective of the transverse 
spacing of the rivets. a a different rivet pattern had been used for the joints — 
_ with a large transverse spacing, it is believed that a different conclusion would — sf 
_ have resulted. All. of the specimens with a large transverse > Spacing that were | a 
tested by the authors had no rivets at the ends of the outside row, and the edge 


‘distance was abnormally large for the section of the main 


the spacing is only 8 nag the report in another part of 
; the paper that, beyond the yield point, the unit longitudinal strain in a wide 
plate i is greater over the middle than it is at the edges. This being true, the 
= effect of placing the e rivets on the weak section near the mid- “width — 4 
| the harmful effects of a wide edge distance. This statement is 4 
— by the tests reported i in — 29, which 1 are discussed i in the following 
‘The only specimens for which the value of the effective net. de- 
: i termined by the proposed specification ¢ exceeds the value given by the tests is sis 
The details of the. specimen weed in the ‘test ‘reported Line 5 are shown 
Table 30 (Specimen 8510). The edge distance is 33 in. The proposed 
specifications give a the effective net 0. greater than the 
, a The details of the specimen used in the test reported in Line 6 are also K 
given in Table 30 (Specimen 9375). The edge distance i is 5i in. The proposed 
specifications | give a value for the won net section 1. 2% greater than the 
; ‘The specimens used i in the tests reported i in Line 17, Table 29, had a com 
ss Spacing and a small edge distance; but the fact that the computed value of 
_ the effective net section exceeded by 1.0% the value given by the tests is 
accounted for by the fact that the failure of the specimens was due to the — 
shearing of the rivets and not by a failure of the plate. All other specimens 


for which the computed value of the effective net section exceeded the test 


- few instances in which the computed value of the effective net section Sm He 


had the same rivet ‘pattern as the specimens of Fig. 22. That i is, 


large for the outer row of rivets. 


The specimens shown in Table 31. have practically the same transverse 
spacing of rivets, but Specimens DCC2 have two rivets near the middle of he 
( os row, whereas: Specimens of Type F have one rivet at the center and one 
a at each end of the outer row.* | The computed and test values of the efficiency 
are equal to each other and equal to 0.80 for Specimens DCC2, whereas, for ae ie 
Specimens of Type F, the computed efficiency i is 0. 80 and the value determined — 4 


from the test is 0.85, the values being the av erages wa three tests in bees 


| 


| 

d 

a >, 
= 

r 

¢ BE _ the outside row of rivets is 6.5 in. Geometrically, this is equivalent to a ae 

ay 

I 

igs 

4 

4 
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= 
That is, although the computed value of the effective net wition 
for Specimens DCC2i is reduced because of the large edge distance, the computed © 
— value is still greater, relative to the test value for these specimens, than it is a 
for the specimens of Type F, which have a small edge distance. Hort adits? 
‘The fact should be noted, however, that the specimens used for the tests = 
reported i in Lines 1, 2, 3, and 4, Table 31, had edge distances equal to one-half — Be 


the transverse spacing and yet they developed an effective net width somewhat 
pester than the computed value. 


4 


TABLE 30. —SrrENcTH oF RIVETED ‘Tension ron WHICH THE 


DisraNce or THe Rivets 1 IN THE Ovurstpe Row Is 


SPECIMEN one SPECIMEN 9375 
yr 
Joint Failed in Plate, Holes Orited Holes Drilled 


Maximum |! load, in pounds 

Stress on gross section, in pounds per square inch 
Strength of control specimen, in pounds per square inch 
Effective net section, by test, in square inches 


Net section by American Railway Engineering ‘specifi- | 


Asa a eth of the analy: sis of the data a contained i in Table 29, the following pa hie 
‘ - rules for the design of riveted tension members are submitted for the considera- _ 


q 


Effective net width -ND)(1+5 G 0. 85. 


“The edge distance ‘shall not exceed 2. 5 D for the one row of 


> ne the foregoing caepaien (Rule 1): W, = <h of the member; 
= number to be deducted; D= 


+ 


— 
— 
— 
— 
| SP lee 9-9) | | — 
ita 
a 
— 
Rule? 
vay a — 
edge distance, whichever is the aut) of coliqeoxs 
— 


ON TESTS OF RIVETED 


31. —Inriunnce « oF Distance OF Rivers 1 IN Row 
Upon StrRENGTH or RIvETeD TENSION MEMBERS. 


| 
21" — 1" Carbon. 


SPECIMEN 


Sub-Punched and Reamed 


.| 691.0 | 686.0 | 669.0 | 902.0 11130 
52.9 | 52.7 | 51.6 | 55.9 
65.8 | 65.6 | 65.1 | 65.7 
10.50| 10.46) 10.28| 13.72 


11.57 | 13.54 


In it has assumed that the 1 weakest s section of 
_ariveted tension member is through the outside row of rivets of the gusset plate Be 
at the ends of the member. - oe he writer knows of no published reports of Sie 
tests of riveted tension members with stitch rivets, but the tests of plates swith — Fae 
holes by Mr. Harris, reported in Fig. 21, , indicate that an open hole does not eS 
weaken a plate as much as a rivet transmitting stress. It is not 
‘ to su suppose that a stitch rivet weakens a plate more than an open hole. It 
_ would seem reasonable, therefore, that the foregoing rules of design, ib 
oh are applicable where the rivets transmit stress, give conservative results where ae a 
@ the rivets do not transmit stress but only serve as stitch rivets. The only x 


ts probable exception to this statement i is we stitch rivets are used to connect — a 


5 


- For joints with rivets omitted from the outer row, only rivets in the outer ia Be | 
4 | coae are to be considered in determining N and G, provided the pitch equalsor | | 
ig 
: | 
— 
—— |i 
1 steel j 
2 ress On gross ion, in Kips per square inch......... 
of control in kips per inch ... 
— r ective net section, by test, in square inches ......... 4 
Net section by American Railway Engineering Association! 
ifications, in square inches......................| 10.97] 11.62 41, | 
j 
4 
: 
—— 


parallel ; pieces of steel shaving widely differing stress-strain “diagrams. 
ler this latter condition one piece, because of its lower ductility, might er 4 

break before the other had been stressed to its ultimate strength. This con- a . 
is not likely to occur in a member fabricated of a carbon steel of struce 
tural grade because the part of the stress-strain diagram near the maximum + 
stress is nearly horizontal for a considerable length. However, the he behavior, “a 7s 
‘under similar conditions, of a member fabricated from parallel pieces ‘madeof 
-asteel which is not uniform in its physical properties is somewhat uncertain. _ 
J.M. GARRELTS,* Assoc. M. Am. Soc. C. E. letter). —The € engineering 
profession is indebted to the engineers of the San Franciseo-Oakland Bay 
Bridge who provided for this important series of tests, and to those who were ; 
a felons for making the tests and analyzing the results. As has been advo- = 
. cated by some consulting engineers, a series of well-planned tests, made in é 
with the important structures which are built, would soon’ 


in. 


valuable information concerning the behavior of structures. 


ew. The fact that under different stresses “the plates in a riveted joint tend to : 


elongate by unequal increments” is important and should be used in the analysis | he’ 
of many structural Seas as well as in that of the riveted joint. — AS a 


that affect the action of a structure mint have some knowledge of 


- 7so ln order to determine the effective net section and the effect of | end pitch ; 
additional data are needed concerning the behavior of plates with ¢ open holes 
under stress. The lines of fracture for the specimens shown in and 


of ‘plastic: yielding i is reached, a Hedletribution of stress place, 
‘but initial fracture may occur in the region where yielding first occurs. If stress 
‘concentration at the edges of a hole has any bearing on the initial fracture, — 
‘it is : quite probable. that the present ideas concerning net section need to be 
revised. The writer is of the opinion that, by additional study and tests, a 
rational analysis may result. Te In the meantime, the authors’ recommendations — 


appear to a reasonable procedure. al bed 


additional refinement is likely to result from further tests. Bito2, ee wis 

E. Ricwarp 2% M. AM. So . C. BE. (by letter) —The tests 

described in this paper are perhaps. the most elaborate tension tests s conducted — 

to date on large-size structural riveted joints: A variety of specimens was 
_ tested, in which several characteristics were changed systematically. — The 


a - questions that were to be answered by these tests are clearly stated under the 


= items at the end of the “Introduction”, and the answers are given in = ‘ 


ay 


Associate Prof., Civ. Eng., Columbia Univ., New York, N. Y. 
Prot, Inst. of Brooklyn, Brooklyn, N. 
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al 
= 
what has been accomplished by these 1 eupensive tests. In 
q doing, he is not going to discuss the eight items previously mentioned, but 
rather deal with those factors that have an influence on the ‘strength of of riveted st 
4 joints, in so far as they have been treated by the authors. vd 
q (1) Strength of a Riveted Joint—The meaning of the term “strength of 
riveted joint” should be revised so as to be in accordance with actual facts. In 

— past, too oo much ‘emphasis bas been placed on the ultimate | strength ‘of 
| ‘ riveted joint. With the modern means of investigation, there is no reason 
why the method introduced more than one hundred years ago by Sir William 
a Fairbairn”’ should still be adhered to to-day. In service, no actual joint i ee bi =: - 


ever stressed anywhere near the breaking point. Therefore, it matters little = 

/ whether the joint, if stressed to the breaking point, fails in the rivets or in the ss 
_ plates; in both cases the joint becomes useless. In fact, if the rivets would fail I 
before the plates become distorted to any great extent, it would be possible to 
re-rivet the joint, thereby making it again serviceable. i This: is impossible, 


a7 
— 


t 

when the joint fails in the plates. vd tal 
Consequently, it is of far greater importance to determine what happens in 
riveted joint up to the maximum working load than to pull the joint apart— 
2 that is, subject it to conditions to which, ordinarily, it would never be sub- gd ‘ 
jected i in practice. The only reason for the ultimate strength test is to provide is Bs ile 
for a convenient, although wholly inadequate, method of calculation 
-which, by the introduction of a suitable factor of safety, assures sufficient safety re 4 , 
» the maximum working load that the joint is called upon to sustain. Sub- a 
_ stituting for this “factor of ignorance” a thorough knowledge of the phenomena ee | ig 


The yield strength would then form the true strength limit for the joint, which 
can ordinarily be utilized. How ever, since the authors have followed a long- ~ 
established precedent?” in subjecting riveted joints to breaking loads, 
— =n of the various factors that control the strength of a joint, up to the — 
point of fracture, will be necessary. leupo an tol 
(2) Tests of Solid Plates.- .—The authors have subjected plates each 
+73 of Series C and D to tension tests. They were of carbon steel, and had a width 
of 21 in. and a gage length of 24 in., two being j in. thick and the other oe 
Yi in. thick. Marked yielding occurred in the j-in. plates a at 37.9 kips per sq in., ‘&S 
and i in the §-in. plates at 34.8 kips persqin. The j-in. and -in. plates failed, ere 
at strengths of 92% and 94% of that of the test coupons. 
ratios of lateral set to longitudinal set, at failure, were 0.38 for the -in. plates — 2 Be 


“*Riveted Joints: A Critical Review of the Coverin; Their Development, — 
7 phy and Abstract from the Most —_—_ Articles,” A. E. Richard ng Jonge, Research Publ: 
8.M.E., 1940; see also Transactions, Am. Soc. C. E., vel 99 (1934), p. 474 i: 
a 27 **Experimental Inquir, into the Strength of Iron with Respect to Its Application as as a Substitute for 
Wood i in ye * by William Fairbairn, British oe for the Advancement of pare. Ten 
pasting. be Lon tland, Reports 1840, Vol. 1840, pp. 201-202; see also 
md on, 


Vol. 140, 1850, pp. ». 677-725. 


_ that occur in the joint, from the moment a load is applied to it until thisload 
reached the maximum value allowable under ordinary working ‘conditions, 
—_ would lead to a rational method of calculation which, at present, is sadly lack- Rey re 
The maximum working load should remain sufficiently far below 
yield strength of the 1 riveted joint rather than below the ultimate strength. 
t 
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and 0.40 for the Ata: plates. Poisson’ s ratio. was found to be 0. 28 for both 
e plate thicknesses. The plates failed at mid-length. In three specimens, a 
- short transverse crack started in the middle of the plate, whereas in the fourth - 
the first crack developed at one edge. The authors measured the longitudinal 


strains at 30 kips per sq in. and found them to be uniform—that i is, the strains 7, 
were the same at the center as at the edges. In one }-in. plate, the strains 

were measured at 35 kips per sq in. (that is, very close to the yield point) and = id: aa 
4 were found to be 11% greater in the middle than at the edges. Molie ofl ; 


; _ The authors attribute the tendency for the failure of the plates to start i in , 
3 the middle to the unequal distribution of longitudinal strains. a ‘To the writer, > 
by 
As long as the cross-contenction is approximately the same over the 
* - length, the strains are the same everywhere in the plate. A network of small : 

_— squares scratched into the surface of the plate at the beginning would simply be | 

changed into a network of rectangles. - However, shortly before yielding be- 

“ comes general, a slight necking occurs at the edges of the plate, usually at mid- 

length. Thisi is an indication for a redistribution of the material, The thicker 

is re , the more marked 

— will the necking become. In the region of necking, ‘the small squares are dis- _ 

fe torted into a kind of trapezoid with curved sides; but the orthogonal system of | z 

~ tension and compression lines that ‘coineides with the sides of the original 
= squares must remain orthogonal. _ The greatest lengthening of the tension : 

_ sides of these squares, therefore, takes place at the center of the plate i inthe 

a> region where necking at the edges occurs. This appears to be the reason why 

the first crack must start in the middle of the plate instead of at the edges. As i, 

: A the redistribution of the material takes place easier in thick than in thin plates, __ 
| itis to be expected that the final set must be greater in thick than in thin plates. __ 
_ This is precisely what was observed. Why failure started at the edge, in one 
ease, cannot be determined without further knowledge of the fracture. It 

iS seine likely that, due to a slight notch effect at the edge, the crack started 5 


UU 


~ 


‘han i in thick plates and a round bar, and because the elongation of the j-in. 

v. "plates i is less than that of the §-in. plates, as observed by the authors, _ 
ae, ultimate strength exhibited by the j-in. plates did not reach that of the §-in. Se 
ce - plates and was lower than that of the test t coupons (92%), whereas the ulti- © 

- mate strength shown by the §-in. plates was somewhat higher, but still below fe 

that of the test coupons (94%). Thus, the foregoing explanation describes 

all the observ ed facts accurately. . Furthermore, if a j-in. plate is bentintothe 
shape of a cylinder (that is, if it is formed into a tube of 3-in. wall poeta 

_ with a lateral surface equal to the width of the original 3-in. plate), and if it is 


“now contract together with the latter (necking) at right angles to the surface. — 
:; the plate should become a bar, the thickness of which is equal to its width, — 
and if it were | possible to tear it apart, it would probably be found that its 7 
strength would that of the test coupon very closely. To 
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DE JONGE ON TESTS OF RIVETED JOINTS = : 


these a to be the reasons underlying the st strange behavior of wide 


2 
As the tests by the authors have revealed these facts, it can be ) said sid that at these 
experiments have served a useful purpose. bars} 4 
(3) Effective Net Section and Grooving Effect. effective net section, 
a et grooving effect, rivet pattern, omission of rivets in the outer rows, pitch, and — Pe 
gage-line distances—all of which factors are intimately interconnected—let the Men 
aa, _ The authors claim that “an outstanding finding of these tests is that the © By 
oo strength of the plates in a riveted joint is not directly proportional to the a area a 


7 


— of the net section as commonly assumed in practice’. Theoretical and ex- 
_ perimental studies on the net section have previously been conducted by C. R. — ~ 
-Young"’, M. Am. Soc. C. E., and by Professor Young and W. C. Dunbar, in ie 
" ‘s which it was found that the net section, assumed to be stressed uniformly, Ban 
: i. is not thus stressed, and is not a simple function of the rivet-hole arrangement. — oe 

—_. R. Loudon® also found, by using photo-elastic analysis, that there are high mk 

is, stress concentrations near the rivet holes, and that the stress i is, by no means, i. 


& . distributed uniformly over the section remaining between the rivet holes. % 
— 


herefore, the authors can n scarcely claim priority for their finding. 
i. Probably the entire « question of net section would long since have assumed — a 
8 a different aspect if the stress distribution, as found by Prof. E. G. Coker and al 


— Professor Loudon®, had been considered more carefully ; fora phenomenon, — mY 


be termed the “grooving effect,” occurs in which the material in the vicinity of 
a =. the rivet absorbs a greater part of the stresses than the material farther away a 


3 so that the material between two closely spaced rivet holes exhibits an ap- 3 ie) 
parently greater strength. This phenomenon was first stated definitely by 


Daniel Adamson, in 1878, although, previously i in 1872, Walter R. Browne® 
had shown that the stress distribution in the remaining cross-section is not 
a ey uniform, the stress being | greater near the hole. According to William Hov- oe 


@ 2 gaard™, the material of mild steel plates, j in. to } in. thick, absorbs, between a 

. two rivets spaced at a gage of three times the diameter (3 D), a 10% higher vas 
stress than does the solid plate ahead of the rivets. This amount dropsto5% 
if the gage distance between rivets is four times the diameter (4D). The % 
ae grooving effect is of the utmost importance with regard to the rivet arrange — a 


&) Rivet Pattern, Omission of Rivets in the First Row, Pitch, and Gage-Line 


;  shwete in the first row, for the purpose of increasing the strength of riveted joints, ee 


8 (a) Bulletin No. 2, School of Eng. Research, Univ. of Toronto, 1921, pp. 233-244; BD Canadian ie 
_ Engineer, Vol. 39, 1920, p. 427; (c) ibid., pp. 512-513; and (d) Engineering and Contracting, I. 54, ‘ud 3 
Bulletin No. 6, School of Eng. Research, Univ. of Toronto, 1926, pp. 51-65. a 
Faculty for Applied Science and Eng., Univ. of Toronto, School of Eng. Research, Bulletin No. Vo. 
Pransactions, Inst. of Naval Architects, Vol. 53 Pt. PR: 265-206, including discussion; 
also * ‘A Treatise on Photo-Elasticity,” by E. G. Coker and YN ilon, Cambridge, 1931. tone wea 
the Mechanical and Other Properties of Iron and Mild Steel,’ by Daniel Journal, 
Iron and Steel Inst., Vol. 1878, pp. 383-403. d Dlisa 2 
‘‘Drilling Versus Punching,” by Walter R. Vol. 1872, Pp. 362. 
*“ “Structural Design of Warships,” by William Hovgaard, E. and F. N. Spon, Ltd., Spon and Chamber- fit 
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JONGE ON TESTS OF RIVETED) 


ae ception that the stress between the rivets of the first row is uniformly distrib- an 
is uted (assumption by J. W. Schwedler®*), Even as far back as 1860, Sir William — 
Fairbairn” recommended, where greatest strength combined lightest 


re - weight i is desired in bridge girders, the use of chain riveting or placing therivets 
the various lines, one behind the other, instead zigzag” as was cus- 


was made Commander Gayhart, in "1926, on the 
basis of his very elaborate tests’. Gayhart showed conclusively that chain 


Hiveting it the Tivets in line o one after the other and like 


. - time th these tests were planned, the writer would have expected that the joints — 
. - for these tests would have been laid out with due regard for this fact. The only 
specimens that approach fairly closely the | chain riveting recommended 
| Fairbairn and Gayhart are those of Series B. However, due to the omission 


two rivets in one of the inner rows” of each ‘specimen of this series, 
- specimens cannot be regarded as good examples of joints designed for ‘greatest 
strength. _ Nevertheless, the tests proved that these joints had a Mees effi- 

= = by than other jointe—for instance, t those of Series A. 


4 strength are: (1) The grooving effect (the capacity of the material will 
; _ ‘narrowly: spaced 1 rivets to absorb greater ‘stresses than | the material be between 
oe widely spaced rivets); and (2) the fact that the stress distribution in the case 
a of narrow, even rivet spacing is far more uniform than that in the case of ay 


analysis®, Thus, by spacing the rivets in the outer rows evenly and 


closely, dangerous stress concentrations are avoided at these rivets. 
Next, rivet pitch, particularly between the first two rows in the case where 
a ther rivets in these are spaced i in zigzag, has been investigated by the authors, 
in Series C and D. In all cases, the fracture passed through the two 
a __tivets and showed almost always a tendency to follow shear lines inclined - 
Be about 45 degrees. This tendency was greater in the §-in. plates than in 1 the 
fin. plates. Where the second row of rivets was near enough (Specimens — = 
CCC2-2 and ‘DCC2-3), , the fracture passed i in zigzag through first and 
row rivets**. An interesting feature is that, at yield load, Specimens CCC2-2 
and CCC2-4 showed about the same efficiencies, whereas the specimens with od 


the intermediate pitch of 3 in. (CCC2-3) exhibited considerably lower effi- Pa 


in ausgeschnittenen Platten,” by K. G. Meldahl, Schiffbautechnische Gesell 
sehaft, Berlin, Jahrbuch, Vol. 5, 1904, pp. 481-523. 


a | “Uber Nietverbindungen,” by J. W. Schwedler, Wochenschrift des Architekten Vereins su Beri 


* ip " “Chain Riveting,” by William Fairbairn, Mechanics’ Magasine, Vol. 3, 1860, pp. 375-376; see eo 


Spaced Tivets, as has been shown, for example, by Coker who used photo- 3 


Franklin Inst., Vol. 70, 1860, pp. 
See also ‘‘Weerstand van de doorsn: 
de breukhypothese van Mohr,” 
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JONGE ON or RIVETED JOINTS 
ciencies. At ultimate loads, however, the efficiencies vary as in Table? 7. 
In that case, the maximum efficiency for both 3-in. and §-in. plates is reached 5G 
is 


= = for an end- “TOW pitch of 4in. For smaller, as well as for greater, pitches, the a 


= : ae rivet pitch throughout the joint was the only variable that was changed - 
; of in the specimens of Series B. The gage distance was rather large (7.5 in.), ae 
and thus, in the light of what has been said about the stress distribution, the 
_ joints cannot be regarded as being representative of best or even ordinary _ 
"protic & Nevertheless, the results are of interest in so far as they show that 
joints with 4.5-in. pitch throughout were stronger than either those with 3-in., 
or those with 6-in., pitch (see Table 15). It is to be regretted that no attempt — oa: 
Was made to vary the gage-line distances : as this would have revealed the | op- oe 
a timum condition of pitch relative to gage distance. It i is obvious that, when & 
the gage-line distance i is too great, stress concentrations at the outer row of © 
S Tivets will appear so that the stress distribution will become uneven, resulting» 
effect the in gage distance, | or of the number of holes in 


_ As may be expec € 


tances of 4 i in. a. (70. 9 kips in.). “The grooving ‘effect of the narrow-gage 
ha distances proved sufficient to prevent failure in the plates in spite of the iil 5 

stress in the net section, the joints, in this case, failing in the rivets. ae 

(6) Bending i in J oints. —In its essentials, the discussion, under 


in without it must be in ‘mind that 
ss ays present in actual lap joints. ~The bending stresses that occur should oo 
placed on the debit ‘side in such joints. _ ‘The values given by the authors, 
ne have only a theoretical interest and should be used with caution $f 


‘the bending frame tended ta increase the friction between the plates. ala au 
©) Efficiency of Lap Joints—In Table 5, the authors have given the effi- 

_ ciencies for lap joints that failed in the plates, as well as for those that failed ay 
in the rivets. The efficiencies of joints of Series C and D which failed in the » ra 
oe. plates vary from 72.8% to 78.8%, the mean being approximately 75 per cent. a pho 
rn Considering the different types of rivet patterns, the different lengths of the Bos! 

_ laps, the different pitches and gage-line distances, and the different kinds ous ; 
steel, it ‘seems remarkable that the differences i in the efficiencies were not ey é 
ized again, that, for a joint used — ; 


in actual , the ultimate efficiencies little; it rather: 


— 
{ 
| 
a 
laf 
4 
g 
DCC7. It should be kept in mind, however, that the former consisted of #-in. 
whereas the latter were composed of §-in. plates. 
4 from what has been said about the grooving effect, Specimens with 
q arrow-gage distances of 3 in. sustained a greater load (more than 76.2 kips 
a uae 
stresses that usually occur in lap joints, particularly in short ones, vec 
eliminated by the authors to a certain extent by the use of a “bending frame”. 
= 
wherever bending stresses are present at the ends of the la articularly since 
= 
=) 
— Dy 


up to, | or at, the the j 


—The of a riveted joint 
large extent, on the clamping effect of the rivets, and this, in turn, on the | 
- temperatures at which the rivets wer@ driven. Two temperatures are of im- — 
= portance—the « one at which driving starts and the one at which it ends. — ‘The 
oe data given by the authors are extremely scanty. No definite temperatures are” : 
given. to the temperature at which driving started, the authors give the 
range and average in a general way: For carbon-steel rivets from 1 400° FO 


to 1800° F, with” an average of 1 570° and for rivets 


from 1400°F to 1900° F, with ‘an average of 1680° F. The far more 
# _ important end temperatures at which the ram of the hydraulic riveter com- 
- pletes the forming of the snaphead, and that at which it leaves the rivet, — aes 
are not stated; and yet, these have a deciding influence on the strength of the > 
joint. Furthermore, no mention has been 1 made as to how these temperatures 


- were measured. It is hoped that the authors will ; give further information as a 
these important factors i in ‘their discussion. 


% recommended the use of the lowest possible temperatures, with riveting done as m 
.s quickly a as possible. Although he used a wide range of temperatures at the he 
i - start of driving the rivets, his general average, in hydraulic riveting, is 817° Cc “ 
" (about 1503° F). Although this average value i is lower than that used by the om 
tn, it is well within the range used by them. For the lower end tempera- 
ture, Taji gives, as the best. value, 650° C (about 1 200° F), and this isin re- 


markably good agreement with the optimum end temperatures given in 2 | a 


by A. Considére®, in France, who recommended an end temperature of from 
2 to 700° C (about 1 100° to 1 300° F). If one considers that the average — 


temperature used by Taji was almost 70° F lower than that used by the authors, = 
questionable w whether the end temperatures in the authors’ case were close 
the best end temperature recommended by Taiji. rm 


oa That better strength values may be obtained by using low er temperatures is 
borne out by some of the authors’ specimens of ‘Series A (mangane 


“start of driving, the authors state that it was about 100° F less than in the other 
cases of this series; yet, the strength of these 2 joints was found to be well above | 
ow of the a joints, and the rivets had a greater hardness and finer grain 


lal Some Recent Studies on Rivets, Riveting. and Riveted Joints,” by Yasuchi Taji, Soc. of Naval 
rebitects and Marine Engrs., Zosen Kyokwai, ol. 13, September, 1914, pp. 127-181. ts 


“Mémoire sur l’Emploi du Fer et de I’Acier dans les Constructions,” by A. Considére, 
des Ponts et Chaussées, 6me série, Vol. 2, ler semestre, 1886, pp.5-149. ©. 


_ “Rivets in Combined Tension, Shear, s and Flexure,”" by C. R. ‘Young and W. C. Dunbar, Canadian ia 
Engineer, Vol. 56, 1929, pp. 201-206. 
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type, | but. with rivets driven at different initial 


(b) Rivet —As stated under Item (7), the strength of a rivet 
= thus, also of the joint depends on the temperatures at the beginning and end 4 


a 1 driven sivetd is as s compared with that of the undsives rivet ‘and the stock from ae 
a which the rivet was made. The authors have given yield strength and ultimate | -~ 
_ tensile strength for the rivet-rod stock, and the shear strength for undriven 

“A rivets, but no actual shear strengths of driven rivets except the mean — Be 
= - strengths as computed from the tests of the joints. In Tables 9, 10, 12, 13, ie 

ee 4 «15, 17, and 19, average sl shear " stresses | are given which are computed for effective a 
rivet yield, ‘yield load, and ultimate load. For the latter, the authors have 
stated that it was found “by dividing the total pod the tated area 


=| 


over all I the rivets of the joint. _ Therefore, it is not clear how the e shear values 
in these cases were obtained. At ultimate loads, h howeve er, it seems likely that 


Furthermore, i ‘it should be kept i in mind that the rivet-rod stock a and the 


£ rivet yield” and yield load, , the shear is certainly not distributed ie ine g 


r 


rivet produced from it by a a heating process, if s to shear, are stressed 


explains the differences i in the shear values for rivet-rod stock, undriven 
‘For the foregoing r¢ reasons, the values tabulated byt the authors cannot b be ; 


cn some kind of a comparison possible. N Caution i is urged, therefore, i in 


Single Shear vs. Double Shear. —Under this heading, the authors 
tion in their ‘ ‘Conclusions from the Tests” that a value as low as 0.80 is indi- 
 & for the. ratio of double shear per shearing surface to that of single shear, et, . 5 
The authors state that this value agrees with findings from their pilot tests. ne a 
It is not quite clear how this value was derived, because if one compares, for ee: 
example, the ultimate shear values per shearing surface for Specimens FSCA Eee 


i ASC18 (namely 41, 6 and 54.8 kips per sq in., respectively) their ratio & ] 


9g 


0. 76, which i is, a still lower value and much lower than that found by ‘other 
investigators. E. Fitzsimmons, for example, obtained, for carbon-steel 
oo in | double shear (per two shearing surfaces), 84 kips per sq i in., , and for like ; 4 
et in single shear, 49 kips per sq in., from which the value of the ratio of ; 
_ double shear per single surface to single thine follows as 0.857. Other investi- ae 
gators have found t this Tatio to be approximately 0. 0.9. . As the ey ee 
gpecimens vary considerably in rivet pattern, rivet diameter, and width and 
+ ieee of plates, this comparison is, probably, not a fair one. It would 
x sa been of great value if the authors had conducted tests with otherwise Sate 


simiJar_ specimens, in ‘single and in double shear, with one and more rivets. 


«@“The Shearing Strength of of Riveta, EL 8. Tron Age, “Vol. 18, 1905, p. 2058. 
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JONGE TESTS: OF RIVETED 
that. case, r 
- but this, certainly, cannot be said about the value of 0. 80. given “aig. par oa 
It should be mentioned, however, that, in their recommendations, the authors — ; 
have used the value of 0.9, which they, too, probably consider as the most a 
(8) Influence of Plate and Rivet Material —Two types of rivet steels were 
= in these tests—a carbon steel and a manganese : steel. . The tensile strength 


The great loss in tensile strength of the annealed 
steel, to 74.7 kips per sq in., should be noted. _ It is to be regretted that the 
an data on these steels are very fragmentary. In the first place, the shearing 
i in single and double shear of the rivet-rod stock, as stated, are not 


tween elongation and stress. For “non-driven rivets”, the shearing ah. 
Dyke in double shear (probably per single shearing surface) is given for l-in. carbon- oe 
et a. steel and 1-in. manganese-steel rivets, but the shearing strength in single pean! 
= is not stated. _ If the maximum shearing strength (in single shear) is assumed — 
“.. ‘to be 0.8 of the ultimate tensile strength of the rivet-rod stock (a factor which, 4 
usually, is not far from the actual), the shearing strength i in single shear, for ‘the — 
carbon-steel and manganese-steel 1-in. rivets, would be obtained as about 45. 


and 64.8 kips per in., ratios of double shear per 


shearin to single shear would then follow. as pg 0.92 a 
: = 0.84, respectively—values which are more in accord with those of other 
investigators as stated previously herein. In double shear, the undriven 
ag manganese-steel rivets were a little more than 29% stronger than the carbon- 
ar steel rivets. If the ultimate shearing strength of Specimens ACC-18 and 
— ACM-12 i is compared, it is found that the mean in the case of the former ' ‘was 
m «55.7 and i in that of the latter 75.9 kips per sq in. Hence, in these joints, the | 
_ manganese-steel rivets proved to be about 36% stronger than the carbon-steel e 
rivets. However, one must not lose sight of the fact that the joint with carbon- 
i, 1 steel rivets was longer than that with manganese-etacl rivets, the plates, in both = 
y As regards the three kinds of steel used in the various joints, the authors ria 
have failed to state the exact ultimate strength of the plates used in each joint. od 
_ Likewise, the — of elasticity and shear | are not given and neither are the “a 


stress-strain 


joints is Unless the authors. supply these values in their 

* closing remarks, this entire set of data is useless from the point of view of 

. developing a rational method of calculating riveted joints. % The statement that 4 : 

5 - the effect of the plate steel in joints which failed in the rivets was neither large 
2 consistent, although the decrease i in shearing strength of the rivets with a 


a less ¢ ductile steels, should be questioned. de - One would have expected that 3 
the harder silicon steel would exert a stronger cutting action, a fact which _ 
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JONGE ON TESTS OF RIVETED JOINTS. 


the former, the average o ulthnete shearing value was 54.8 kips per sq it in., , Whereas — 

in the latter, it was 55.7 kips per sq in., thus showing that the shearing. strength 
a. the rivets in the case of eitioois-steel plates is slightly less than that in the a 
case of carbon-steel plates. This holds even for plates with manganese-steel a 
r 


& ivets, for, in comparing the respective shearing values for Specimens ASM-12 Be 
and ACM-12 (namely, 72.4 and 75.9 kips per sq in.), the shearing strength of ; 
= rivets in these joints with silicon-steel plates is found to be somewhat lower’ 
{ than that of the joints with carbon plates. mn In general, the combination of =| 
_ nickel-steel plates and manganese-steel rivets seems to be better than that of 


silicon-steel plates and manganese-steel rivets. in order to arrive at 


—— est joints that can be designe’; keeping in | mind the facts dealt with in this’ 
ay Effect of Length of Joints and Premature Rivet Failure. —In ‘general, 
the authors have described, correctly, the effect of length of a joint. . Asis well a - 
- known from former tests and theoretical considerations, the strength ¢ of ariveted — 2 
joint decreases with its length®. stands to reason that the longer the joint, 
the greater will be the end slip and the more likely will the rivets in the oe A 
rows shear off prematurely—that is, before ultimate failure of the joint. The 


ia more ductile the steel of the plates, the gr: greater will be the elongation : and slip, 
M. and the more readily will the end: evens be sheared off. Theref ore, this tendency » 


- For the latter, in combination with manganese-steel rivets, the authors did not “ 
i as A fact not discussed by the euthote' is that, when the end rivets failed, the: é 
ta al joint with the remaining rivets still proved strong z enough | to withstand the full 
load. As the outer rivets failed almost consistently, it is obvious that they 
5 carried a greater load than the others. ral On the other hand, the next row, or the 
over-next row when the rivets in the two or three outer rows failed, made the 
plates (on account of the closer rivet spacing in the subsequent rows) relatively — 
a stronger due to the grooving effect, and the stressing of the remaining et 
* became more uniform due to the more uniform stressing of the plates. Thus, 
a one cannot escape the conclusion that the rivets in the outer row (or rows) were — hia 
unnecessary for developing the maximum strength exhibited by 
This is a further proof for the fact that, even at ultimate loads, joints with 
: i closer rivet spacing in the outer rows are stronger both in the plates and in the 
rivets. That the transverse contraction of the plates increases the relative 
= 3 displacement « of the rivet holes in adjoining plates is obvious. if However, the my 
authors’ statement that “excessive detrusion, rather than stress, caused such ae ta 
a failures,” cannot be accepted by the writer as the actual stress always in- 


creases until failure occurs. _ Unfortunately, engineers accept the usual stress- 
strain curves, in which the curve, after reaching a maximum, drops again, without 


Ba being conscious of the fact that these curves are, for convenience, referred to the site: 
= original cross-section of the test. bar instead of (as they shot uld be) to the *- 


smallest cross-section in the region of necking. If the curves were thus 


_ @“Tnanspruchnahme der Anschlussnieten elastischer Stabe,” by Ivan 
Architektur und 14, pp. 89-106. 
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ON TESTS OF RIVETED JOINTS 
plotted, it would be found that they would rise saiatemesti up to the point 
where fracture finally occurs. Therefore, the statement that these outer 
rivets failed by overstressing is fully justified, the so-called theory of f limit 
design to the contrary notwithstanding“. a iw se] ina 
=< (10) Butt and Shingle Joints—The efficiencies of the joints of Series pe 
_ showed that the short butt joints had the highest efficiencies—75.2 per cent. 3 
Comparing the double-plate butt joints with the double-plate shingle joints 
: = (the respective efficiencies of which are 73.0% and 72.1%), it will be seen that 


the efficiency of the butt joints is slightly higher, as it should be according ee 
theory’. Asi is to be the joints showed the lower efficiencies. 


ers 


“difficulty in “field erection should be noted. The fit 
joint (Fig. 16(b)).does not seem to have been designed correctly, for it frac- 
7 tured, as one would expect, near the unsymmetrically arranged butt of the Ape “se 
enter plate. The authors state that the outer splice plates in the triple-plate 4 ‘aa 


butt joint (Fig. 15) were shorter than had been intended, and the twenty-seven _ 
4 tivets that passed through i inner and outer splice plates transferred 61% of the f 
Pe load from the main plate to the splice plates, whereas the thirty rivets that [3 a 

_ passed through only the inner splice plates transferred but 39% of the load. * 
a ‘The question should, here, be raised as to what this load was—whether it was | a 
a the ultimate load or some other load—as the load distribution varies with the 4 
- load. The authors have failed to state this clearly. In explanation of the e. 
4 - somewhat unexpected load distribution in these joints, it may be said that. the 


rivets were under a tension than the shorter ones, 


3 
The sar same holds also for ae double-plate butt joints, although tos a 


The authors have undertaken strain measurements on specimens 


a of this Series F. It is to be regretted very much that the results of these ; fa 
ia _ Measurements were not presented in tabulated form to enable the investigator in 
to check the results by calculation. _ Apparently, what the authors have done oP 
q 4 (although they have not stated this clearly) is to compute the stresses in the 
section of the various plates for different loads (7.5, 15, 22.5, and 30 kips 
per sq in., or 15 and 30 kips per sq in.) and then to average them and give them — . “29 : 
as . percentages in the diagrams above the joints. If this understanding is yer 
correct, it must be stated that the curves given are of little value since <a - 
= load distribution and, consequently, the strains and stresses vary with the load. = 
hh fact, it would have been better if the authors had given the curves for one 
e definite load only, as they would then be available for checking eventual 4 4 
q calculations that may be derived. At any rate, the authors’ statement that et 7 


& end rivets and those near the butt have taken a greater load than the re- a2 


a re “Theory of Limit Design,” by J. A. Van den Broek, M. Am. Soc. C. E., Proceedings, Am. Soc. C. : 


“Zur genieteten Stiben,” by Ivan Oecsterreichische sll 
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__ Tiveted joints under load—will be discussed. All these factors are intimately a ¢ 


| - of both plates do not move relative to one another. — At places, the authors Bs 


are (11) Behavior Riveted Joints. but no means 
slip, distribution of strains, and partition of load—in short, the behavior of “eo 


interconnected, but are dealt with separately herein. pit os 
Elongation.—Unfortunately, the authors have not given a definition of 
eet they wish to be understood by elongation . In lap joints, it iseitherthe 


change i in length of the distance between the outer ends of the plates, or the 
x change i in length between the points on the main plates, coinciding at the begin- 


‘i an ® ning with the outer ends of the adjoining plates. - Similarly, in butt joint 


elongation i is either the change i in mite of | the splice | plates, or the change i i 


stated if, by elongation, they n mean the elastic and sPoorriy change i in n length of 
- the plates between their ends, without the end slip, or if the pt is il 


ve helped oat 
“ Furthermore, ithe authors use a ratio of unit elongation of the joint to ‘ook 
. - elongation of the gross-section of the main plates, which, for lap joints, is shown 
(see Table 9) to vary from 1.03 to 3.32—that is, within wide limits. Theactual — 
_ law of elongation has not been discussed. However, as an “effective modulus of 
elasticity” for the joints of Series F, the authors give a value of about 29 000 000 
ib per sq in. as against 32 000 000 Ib per sq in. for the main plates. For this 
- series, the elongation ratio varied from 0.79 to 1.13 which is about 43% onthe __ 
‘@ basis of the lower, and about 30% on the basis of the higher value (see Table wv, i: : 
a Column (12)). The w writer is unable to understand how t this effective modulus 
(b) Slip.—The authors also have failed to > define clearly what they mean by 
slip”, or, rather, they have been using the term in two very different senses: 
4 (1) For the movement of an entire plate relative to another plate; and (2) for 
{ the movement of parts of one plate relative to parts of another while other parts _ 


a 


have called the former r “middle | slip yi ” and 1 the latter “end slip”. The 1 way yin 


the splices. “Iti is unfortunate that this was not done as it becomes, ae 
almost to compare, the measured results with those derived 
he middle slip is used the authors 


a mean little since this ratio combines two different effects i in ‘it as has been eve ae 
“a . previously herein. Unfortunately, the authors have given only typical load- a 
slip curves and have not entered their test points i in these rg rye from which i 


or et DMD ~ 
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somewhat. In almost all cases, the measurements were taken in the 
g a4 eq Sq somewhere between the first and second rows of rivets. Only in the short ¥ 
specimens, AN M-~12, were they measured in the first row of rivets. However, 
: aa Pe slip occurs even ahead of the first row of rivets, and the proper position for BS ; 
wa 
| 
< 


the 


investigator i is not able to form his own judgment as to whether i 
* the curves shown are actually the best that can be passed through the test 


i points, 0! or if local anomalies exist, and, if so, at what loads. Apparently, th 


eh The load-slip relationship of the joints (representing their gels 
diagram, which is akin to the stress-strain curves) has been divided by the 
z authors into four stages. With the exception of the first, these stages have ps 
described more or less accurately, Regarding the exception, they state: 


i is incorrect if it refers 


naps which occurred in bey The writer believes that it would be much © a 
appreciated if one could see some of the actual load-slip curves (including all Fe 
test points) which exhibit these 
The ‘authors are partly correct in stating that the slip has little influence 
ap the elongation. This statement holds true for the later stages; but it does, or ae ; 
-] does not, hold true for the last part of the first stage, according to the definition he 


elongation chosen. That the more ductile ‘steels exhibit less middle slip 


than do the harder steels i is well known, particularly from shipbuilding. “The 
a unknown fact, however, is how much the slip actually is; and this depends on the & Wie: 
_ friction factor, the state | of the faying surfaces (which is. not stated by the au- bast a : 

thors), the exerted by the rivets, the extent to which, and intensity 


in with which, this pressure is distributed over the faying surfaces, the clearances ‘ 
b 


evolving a ‘rational: method of computation, the friction 
: distribution of the rivet pressure over ‘the faying surfaces are absolutely es- 


in single-sided friction (single shear) as well as in double-sided friction Coe 


2 Before the present tests were ‘started, the writer had requested that, at least, 
some tests of single rivet lap and butt joints be included. It is unfortunate tha 
= this was not done. i The distribution of the rivet pressure over the faying 


surfaces is of importance as the friction factor depends on it. ote Se ; 
tion varies ; considerably with the thickness of the plates. eins 


Series A, the working load of the rivets, for most joints, fell j in Stage II, but Re 
that, for nickel-steel joints with ‘manganese-steel rivets, it fell in Stage 
te Hence, it seems as if such nickel-steel joints might be calculated. ‘according to a 
the elastic theory only (Ivan Arnovlevié, Cyril Batho, and Alexander Hrenni- a 2 
_ keff, Assoc. M. Am. Soc. C. E. Ahother interesting fact may be mentioned— 
amely, that i in butt joints the end _ > proved to be about three-fourths « of that < 


— 
— 
as 
| t end slip, but is correct if it refers to middle b be 
of the term “‘slip’’ as used in the pape 
— 
— 
— 
— 
4 
a4 
— 
ta 
4a 
a — 


1 JONGE on TESTS OF RIVETED 
Distribution of Strain. e authors are to be 
= - attempted t the arduous task of establishing the strains and, thereby, also the om 
stresses 0 over the full width of the main plates in the joint for, at least, a few oe 
ae joints. The picture revealed thereby is illuminating. It shows that, with the ee 
exception of the area near the rivet holes, the longitudinal strains are distrib- ; am 
ted fairly ‘uniformly : across the joint. There is only one drawback to the re- : 
sults they were derived by the use of a rather 


from: point to point near the rivet holes, the authors could not possibly have 
detected the actual strain distribution in the vicinity of the holes with the & 
strain gages they were using. - How the distribution of the strains and stresses 
a, a rivet hole, filled by a rivet and transmitting forces from the rivet. 4 
to the plate, or vice versa, actually looks may be seen from the data published _ ue 
by A. Hennig®. It would have been very interesting, in the light of what has “es @ 

coon been written previously herein about the grooving effect, if the authors had also 0 i 
aa ; ‘determined the variation of the strains from point to point in a line along a rivet Pp a 

row—that is, transversely between rivets. However, extensometers of 


es tremely short gage length would have had to be used i in that case to obtain day a 


the diagrams of Fig. , however, it appears as if the strains ‘have not 
plotted correctly; or, rather, that tl the curves drawn through the plotted 
points do not represent the strains ‘correctly y: Fore example, i in the diagram at 
 & extreme upper left-hand corner of Fig. 11, , the face strain labeled 1, starting — Hy Gg 
= from the left end, should remain constant in F Plate 1 until, at least, the edge of eye 


Plate 2’. From then on, it should decrease to the first gage point | between the a 
ae left-hand row of rivets and the second row, and, thereupon, follow ai 


strains in Plate 2’ i in reverse order. ‘Tis appears that the authors 

not used a sufficient number of gage points to obtain the true distribution. fe 
es ‘This also holds for the other two sets of curves in Fig. 11, but, for ‘Specimen see, 


the strain, however, should actually have varied in the manner shown 
3 by the : authors’ curves, it would have been an indication of the fact that bend- ee y 
Bee a _ ing strains were present and, in that case, the strain on the opposite face of BS a 
. = 1, or of Plate 2’, respectively, should have been determined i in order to Ne 
mia "eliminate | the bending strains. Perhaps ‘the authors can explain the course of 5 
the curves by giving further data. 
ae _In addition, the authors have measured the edge strains at the center of the hs 
4 plate” edges. Their plots show that these strains do not differ too greatly 
- from the average of the face strains, although, at places, the deviation is con- ay aS i 
ae least i in the specimens of Series A to which Fig. 11 applies. ‘Here, Sie 
ty again, ‘the long gage length u used is an objectionable feature. As regards the 


course of the curves, remarks similar to the foregoing apply. The 


4 **Polarisationsoptische Spannungsuntersuchungen am Zugstab am Nietloch,” by 
Hennig, Forschung auf dem Gebiete des ngenieurwesens, Vol. 4, 1933, pp. 63. 
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various rows (Fig. 13). These do not seem to follow the elastic theory 


1 in conjunction with a suitable factor of safety, as the criterion for its strength 


eet #3 a produced, as the only result, an enormous accumulation of incoherent data 


¥ 


J 
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tole likewise, determined the strains, although at the edges only. More data 
certainly be for careful checks, and would be weleomed warmly. 


e load o over r the 7 


g 3 ‘closely. On the other hand, if the strains plotted by the authors in Fig. 11(a) hi 4 
iG are used for determining the distribution of the load, as was done by the writer,  — a 
one arrives at a curve (for 20 kips per sq in. in the net section of the plate) 4 1@ a 
.. Re which differs from the curves of load partition plotted by the : authors in the — = . 
med lower left-hand corner of Fig. 13, and which represents more closely the load bie aa 

ee distribution | curves: derived from the elastic theory . This i is particularly true - 

for the curve derived from the face strains. nfortunately, this is the only 
_ check that can be made with the material given by the authors. It would be x 
very. desirable if further material could be published by them so as to make the ys e 3 


useful to the profession. | tins OF In aie 5 


7 


For Series F, the authors have determined the load carried by each plate at 


- the various points. gts These curves were derived from the edge strains. As has Z 
lady been stated, the gage length was, apparently, too great to give 
urate results. As regards the load for which the curves were plotted, this has a 
_ already been discussed under Item (10) herein. i Fig. 14(b) shows, i in Diagram r? 2 a 
Sa that the end riv ets, apparently, take a larger share than the other rivets, but a 
ie «that the load in the main plate increases again at about the third outer rivet 
row, after it has dropped about 3% more between the second and third rivet — 
tow This. seems, indeed, very unlikely, because it means that the load 
carried by the splice plates would, again, be transferred to the main plates, a 
fact which could only occur in the case where the splice plates are considerably 
more rigid than the main plates. i An explanation by the authors of this be- an 3 
havior, which does not appear in any of the other joints (at least not at the a 
ae first few outer rivet rows) would be welcomed. In the shingle joints, however, 
itis true that load from one main plate is first transferred to the splice plates _ a 


i 


and i is then again transferred from the splice plates to the main plates. With- __ 
— out having more accurate data than the curves which are shown at a rather > a 5 
= scale, it is not possible to check the behavior of these types of joints. — Mt < a 
(12) General Remarks and Summary.—In summing up the foregoing, the 
writer makes the following general observations: = 


‘The present procedure of designing riveted joints is antiquated. It dates” 
bane back more than 100 years when Fairbairn, in 1838, on the basis of his first 
- practical tests, ‘suggested the use of the ultimate strength of a riveted joint, 


at - working loads. From this procedure, no progress has been made within 
‘a the last century, and the enormous sums spent for testing specific joints have _ 


x that have never been properly correlated. The fault of this procedure has been 
hag recognized by some far-sighted minds, but they have not been able to replace i 
_ it by a better one. This i is due to the problem never having been attacked Gg 
a fact that was revealed to the writer the of the world’ 8 — 
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with this problem has to generalize (extrapolate) from individual 
experiments instead of to follow. the opposite “path” of investigating, first, 
the underlying general and basic laws, and ‘of particularizing (interpolating), — 
then, by applying them to the specific problem or joint under consideration. — 
The numerous and costly tests conducted to date might then have served as oe 
valuable checks and would have quickly revealed either the correctness or 
incorrectness of the theory, or or its weaknesses. __ heey 
_ Although the authors, obviously, had the best intentions of making these ny 
pers a basis for obtaining useful information and a clear insight into the be- 
havior of riveted joints, very little has been accomplished that was not known ‘2 
previously, as has been shown herein. Therefore, these tests must be regarded cas 
as having, primarily, added further statistical material, obtained at ultimate | 
loads, to the already enormous amount of such statistical information available, 
_ The load-slip relationship has been cleared up somewhat, but the published — 
_ data are insufficient to permit any rational theory of riveted joints, that may be 
, _ devised, to be checked by them. The tests have failed to produce | those basic 
data which are necessary for establishing a rational method of calculating — 
riveted joints. No such method has been published as yet. Unless such a 
method i is established by logical reasoning, which will give results that agree 
with practical measurements, rive be said that the problem of riveted Pate 
has been solved completely, 
_ The present method of calculation should be revised, at least so as to make — 
‘the yield load the deciding factor and to give more weight to the behavior « of 
riveted joints at working loads. In effect, this i isa procedure s similar to that 
‘recommended in the: theory of limit design“, avilqa.adé with 
the of a rational theory of riveted Joints, the 


Friction, which is frequently as of doubtful value, provides the 
supporting force in most structures. | Bearing of the rivets against the plates — 
occurs only under exceptional conditions, _ In ships, for example, which, in ie 
heavy seas, are subjected to constant reversals of forces—that i is, to alternating — oe 
stressing—rivets, when cut out, seldom show any evidence of bearing; and yet, a mel 
the joints of ships creak and squeak in heavy seas, an evidence of slip occurring 
under friction. No deterioration of the plate material on the faying surface 

has been observed, however. Riveted plate girders with splice plates in th 

_ web scarcely ever show evidence of the rivets bearing against the plates. They ; a 
are held together rigidly by | friction, as has been proved by tests. These'are 

ae a few emasapien showing the importance of friction as the supporting force. a 


‘more than has been done in the aie 
a _. No information is available on how the rivet foree used for clamping plates — 5 
; ie. together spreads in these plates, nor how far its influence extends over the ce 
‘4 faying surfaces—that is, where the quilting action, or the lifting off of one = 
ee from the pee starts. It is obvious that this influence depends on the < 
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- ile pressure of the ram of the hydraulic riveter should be ‘oe weed, just sufficient 

to form the head properly, ‘and the ram should be held on the finished rivet 
i deen it has cooled sufficiently i in the shank to prevent plastic deformations in | 
sit during further cooling. Thus, the uncertainty of the rivet clamping force 


would be largely eliminated. The holes and the rivet. shank i in finished 


between rivet and hole. ‘Thus, basic data. would he supplied for making a 


Riveted joint design s be on the stress dintibution 
joint, produced by. the longitudinal forces, and particular emphasis should 
be placed on the stress ‘peaks neartherivetholes;s 
Bie. 2, Riveted joint design should be based, furthermore, on the distribution — 
a of the rivet clamping force ‘(perpendicular to the plates), with ‘particular em-— 


: r phasis on the extent to which, and the intensity with which, the rivet aaa he 


& 1-8 should be adopted | 
a Rivet pitch and gage-li -line distances depend on both the _— diameter 

Friction coefficients for various plate and rivet materials rivet pres- 
6. Riveted joints should be laid out with to the yield strength 
on which working stresses should be based; 

iy 


Riveted d joints | should be as short as possible (butt than shingle 

i 8. In general, carbon-steel rivets are more e satisfactory than rivets of alloy 


steels except where it is necessary to save as much in weight as possible. 


C. Harrmann,? anp ‘Hotr,* Assoc. Members, Am. Soc. 
. E. (by letter).—Referring to the heading, “Recommendations Applicable 
to Design,” the writers were particularly interested in Statements (1) and (2). et 
. to calculate the effect of rivet stagger on net section,” the writers have assumed © fe 
that “elaborate formulas” refer to Equation (3) taken from the specifications — 
of the American Association of Highway Officials" (A. A. S. H. 0.) and identical 
_* ineffect with that in the A. R. E. A. Specifications. Having used this method © 
a of computing net section with satisfactory results, and having frequently tested an 
‘Tiveted joints with efficiencies in excess of 75%, the writers decided to 
; the test results to check the authors’ recommendations. : 
Figs. 25 and 26 show the ty pes. of specimens tested 32, 33, and 
- 34 show the detailed test results. These specimens are from various investi- 
Pa gations and do not represent a single planned series of tests. Some are -— 
mall to be considered structural joints in the ney sense, but these can 
be treated as scale models of structural joints. alt 


‘ Research Engr., Aluminum Co. of America, Aluminum Research Laboratories, New Kensington, Pa 
Research Co. of America, Aluminum Research New 


Regarding Statement (2) that “There is no justification for elaborate formulas . 
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ND ‘HOLT ON OF RIVETED D JOINTS 


att the sizes. of holes to be deducted. Toeiden; all holes to be deducted ~| 
to be 15% the rivet diameter, a is 


‘ 
iby 
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with current practice when to the renga in 
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44 
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the authors’ r references. sl This table shows that each group of riveted joints ‘ ae 
had one or more joints with efficiencies considerably i in excess of the 75% w which - 
the authors as the useful ‘upper limit for r practical design. This 
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AND” HOLT on ‘TESTS OF OF RIVETED JOINT 
jndicates that possibly the authors’ first is conservative. 
‘Table 35 further shows that the commonly used A. R. E. A. -A. A. 8. — 


4 
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TABLE 32. —CHARACTERIS STICS oF TEST SPECIMENS 


Mai 8 Main Pl 


Iv 4 Steel 
| ee ee 


* See Fig. 25. Single “=r Double shear 
> § For chemical composition and typical 

|| Carbon steel. 


expected of other design such as those for column strength, allowable 
Compression in beam flanges, and spacing of web-plate stiffeners. 


The writers have yet find of 


| Ste 


Steel 


a 


of the actual ultimate loads for a wide variety of joints in several different 

— 
— 


= 
HARTMANN AND HOLT on TESTS OF RIVETED ‘JOINTS 


THAT 


Rasa IN THE PLATES (SEE IN TABLE 32) 


e* 


| 


Specimen typ 
strength, in 

t pounds per 
square inch 
Thickness, 

in inches 

Predicted load 
(A. R. E. AL 


method) 


Tensile 
= 


SN 


oo 
x 


| 16.050 | 79.5] -15 100 


74.2 |142 700 
75.9 900 


ix 


~ 


* See Figs. 25 and 26; one specimen of except as noted. t Two specimens tes 
bree specimens tested. 


TABLE 34. —RESULTS OF ‘or TENSION 
PLaTEs witH Open Howes or Rivets* 


inch 
«|. mate |dicted**) load inches 


b per sq in. Fig. {Al 

and open except as noted. 76 ited 

| %-in. rivets, normal driving %-in. 


rivets, excessive driving pressure. Predicted by A. E. A. method. — be 


ie 
gg 

— — 
is 
h |: 
— 
— * 4 
It 35 80) | 
— 60 900 | 26 2 230 — 
— V(a) 61 400 | | 1670 17 
— 63 300 | 16650 18100 
28 600 | 
3 (a)t | 74900 | 0.226] 994 | 134, 82.9| 55400/082 
itm 
= 
Ulti- | Pre actual ™ h 
Typet | | chest mate |dicted*#| load the 
— 2542 | | 56700 1.06 |} XI | 62800; 110 nec 
59 100 | 62 800} 1. 1 | 57 200 
— | 00} 1.13 | | wri 
300 | sasoo| vor Wri 
age? | | 900 | ano 1.16 | 
X | 23. | | 50500} 62800] 1 
| 
_ 


DAVIS, WOODRUFF, AND DAVIS ON TESTS 0 
~ the relatively simple method outlined in the present A. R. E. A. Specifi- bis aq 
gations. _ The only feature of this method which is open to serious criticism + 
is its tendency to encourage inexperienced detailers to go too far in omitting — 
rivets in the outside rows. It would seem that this weakness of the method — 
Maximum EFFICIENCIES AND Ratios OF 


PREDICTED TO “AcruaL Us isi ilad 


2 


ad — ® Ratios, Loap Prepicrzp sr 
4 efficiency LTIMATE LoaD 


Aluminum Research Laboratories | . 18 

Aluminum Research Laboratories 2.9 82 

Aluminum Research Laboratories . bal 19 7 

National Bureau of Standards 5.0 098 

University of Illinois |r 0.90 


ersit; 


Al specimens failed by tension in the ‘Babee, + Plates with open holes ¢ or - idle sivete. t Based d on 
data from ‘‘An Investigation of the and of the Ultimate Strength, of Riveted Joints Load.” 
by E. L. Gayhart, Transactions, Soc. of way Architects and Marine 
_ Joints in Wide Plates,” by Wilbur M. Wilson, M. Am. Soc. C. E., James Mather, and 


No. 289, Eng. Experiment Station, bins of ‘ilinois, Tables 6 and 8. | See Tables 5 and W7 of the Present it 


outside row. For example, a statement — to the following, added 7. 
the iieticle on net section in the A. R. E. . 


‘The transverse distance between in the row shall not 

exceed eight times the aaieal diameter of the rivet, and the edge distance — 
for the end rivet in the outside row shall not exceed four times the nominal 


E. Davis, “0 B. Woonrvrr, MemBers, AM. Soc. C 
a anD Harmer E. Davis," Assoc. M. Am. Soc. C. E. (by letter). —Such vata 


method, simple on the maximum | spacing of rivets the 


as these tests may have in dev veloping a concept « of the action of riveted joints 


ra under steady loads has been enhanced by the interpretation of the results of 


these and other tests by the several discussers. writers express their 

¥ preciation to those who have g given n their time to analyze the results and present oe 


‘pid Considerable discussion has centered about the matter of design provisions 
for the calculation of net area in a riveted tension member. Former experi- 


i - menters have noted that the customary omission of rivets at the edge of a con- 


ad; * Prof., Civ. Eng., Director, Eng. Materials Laboratory, Univ. of California, Berkeley, Calif. di} aa 4 Ea 


Associate Prof., Civ. Eng., ‘Univ. of California i 
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—— on the basis of their gross area. In making this proposal, the — a : 


aware that the data did not prove conclusively that such procedure 
would represent the best possible practice. Additional analyses of the data 
ee a of these and other tests, made by the various discussers, have confirmed the a yi 

7 is writers’ belief that adoption of the proposal would make for an improvement _ 3 
_ It has been pointed: out that the suggested unit _ stress ‘of 16 000 Ib per sqi in. 4 

-e on the gross section for carbon steel is the equivalent of 21 300 lb per sq in. ah 
on the net section, and that such a unit | stress ‘is higher than perm issible. _ 

Table 26 of Mr. Winter’ s discussion shows the close relation betwe een the 


section and taking the usual care to protect net section. Mr. Goodrich asks 
: - that designers be giv en | a chance to use their ingenuity in protecting the net by 
a section. _ The writers believe that these a attempts at ingenuity generally 1 result 

in a design that has less efficiency than one in which the attempt to protect net er 
4 section is disregarded. OS Mr. Goodrich mentions the case of a single hole out of ‘i 
-anangle. Although no o experimental data covering this case are known tothe 

writers, they doubt that the ultimate strength, based on gross section, would — 

materially exceed 75% of the coupon strength. 


9 Professor Wilson’s proposed formula corresponds v very well with the avail- 
aa able mp9 men data. It allows for the grooving effect with close pitches of 


he writers find no reason to doubt that full end riveting of the splice plates 


with a patio of of 4 represents good practice as can n bed dev veloped fr from 


information finds that this arrangement gives an effi- 

ciency of 80 per ¢ cent. To be on the -conserv ative side ‘the authors ‘suggested | a 
ratio of net to. gross section of 75 p per cent ches 

' Mr. . Jones’ suggestion of a weld at the end of ‘splice plates introduces afield 

_ for further experiments, and further knowledge as to the weldability of various 5S 

‘steels may lead to economies in ‘design. ‘Naturally, such a procedure would be 

. limited to steels suitable for welding and might require an alloy other than sili- a 
for tension members. Even with ‘supplementary welding, however, ‘the 


sk after its truth is developed by experi 
, ty that the strength of the splice will not depend upon the least net section, — ee a 
It appears to be the « consensus of opinion that friction between the at y 


of the holes. In the case e of the San Francisco-Oakland Bay "Bridge both the 
of fabrication and the standards of the usual 
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filled as completely as possible. Mr. Goodrich feels that the optimum with 
io q ss respect to filling of holes by rivets has been reached. Possibly specifications for om] 
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DAVIS, ‘woopRurr, “AND DAVIS. ON TESTS OF RIVETED 
commercial standards. The measurement of rivets and holes, by. calipers, ear ae 
developed the fact that the rivets were generally undersized and the holes _ 
generally 0 oversized. Field tests of "driving rivets developed that, with the | 
field connections reamed, there was no trouble in . entering the rivets when the 
- diameter of the cold rivet was 7g in. less than the diameter of the hole. = 
fe Mr. Goodrich disagrees with Recommendation (6) in regard to the use of | a 
manganese- e-steel rivets. The writers have little doubt that, in any 
Si design, Mr. Goodrich would agree with the writers as to joints, including gusset 
7 2 plate connections, in which manganese-steel rivets should be used. The writers 
- feel that, in general, present design prac nm tends toward the extreme in at-— 


« rivets should be used only when the economies gained by wing the renal : 
om The writers believe that Mr. Shearwood’s criticism of the description of he 
action of riveted joints arose from his failure to realize that the action as shown — 

in Fig. 1(b) was based on a simple specimen with only two rows of rivets . The 

action shown by Fig. 1(d) is representative of the cases illustrated by Mr. 
- Shearw ood. In this latter case, end slip occurs at very low average intensities — 
of stress on the rivets; middle slip does not start until after considerable slip has : 
occurred near the end of the adie 
__ Mr. Shearwood’s suggestions as to cold-driven rivets open another field for 
z further development. At present, the equipment for driving them is so heavy + 
that they cannot be considered for field work. {Fire ty 
Mr. Jones suggests that the ultimate capacity of a joint will suffice as a va | - 
for selection of design stresses. - This suggestion should be applied with = 
- to the results of tests on large joints. As an example of canes which might lead 
to false esareger- the behavior of the heavier specimens of the F series may be _ 
pointed out. These specimens were designed to fail in the plates. — The first 
failures took place in the rivets, and occurred because of yield in the plates 
sufficient to shear the end rivets. It i is possible that if the number of rivets in 


Toad, and the conclusion | might have been drawn that the rivets had only half rs 


He hes also added an n interesting : explanation of the failure of wide ; plates with i. . 


out rivet holes. The writers believe that a careful reading of the paper will _ = 
>. 


¥ clear up many of the difficulties expressed by Mr. de Jonge. Space : limitations 
called for extreme brev ity in view of the amount of original data presented, f a: 


Ae 


‘agree with his main thesis in regard to the rare of a “rational theory of .. 
tiveted joints.”” Five conditions of perfect fabrication were given in the paper. 
vn these might be added: Uniform tension in all rivets, , approximating the yield pian 
strength of the rivet material. With the most perfect practicable fabrication, —_— 
these conditions cannot be attained. For example, tension in the rivets of a ) 
_ joint may vary from zero to the yield strength o of the material. — Furthermore, , 
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ae: there can be no doubt: that considerable f plastic ac action takes place & at compara- e 
e proposed “rational theory” of necessity would be based, a 
kaya eatsiaads therefore, must be based on assumptions which cannot be met ne 
The discussion of rivet temperatures introduces the question of greatest 
possible tension in the rivets versus completeness of filling the holes. 
decision should be on basis of type service required of the joint. it For 


: be desirable. In this case it may be that the rivet temperatures 
. ae Mr. de sone and the “smallest possible pressure of the ram,’ ’ should be 


a a To achieve this result it appears necessary to heat the rivets to as — 
high: a temperature as possible without burning them, and to use such driving ao 
pressures as to upset the shank of the rivet completely. In either case, it is oy 
desirable that the bolting up prior to riveting bring the faying surfaces into ay 
contact, and that the action of the riveter be continued longer than is usual. >.) 
mee In view of the foregoing considerations, the writers are unable to agree with 
— SB writers agree with Mr. de Rene as to the importance of unders standing — 

_ the action of riveted joints within the yield range, and it was with this idea in 
ex mind that so many strain measurements were made. However, as pointed cat 
: ia by Mr. Jones, the indications of these tests are that the ratio of rivet yield >.> 
a 9 plate yield does not differ greatly from the corresponding ratio at the ultimate. yea 
4 From these and other considerations, the writers cannot agree with Mr. de 

: 7 od There a appears ‘to be no reason to rule out shingle-type joints, as Mr. de 
Jonge does in his Recommendation 7. This type of joint is often more eco- 
‘a nomical of material than a corresponding straight butt joint, and is often neces: 

f keeping the rivet grip within reasonable limits. _ usal 
ne ‘It is believed that Mr. de Jonge has misapplied the idea of the “‘true stress-_ F 
strain diagram’’ calculated from the test of a steel bar i in tension to the detrusion ae 
failure of rivets. In the failure of structural parts or members, | one is con- S 
= cerned with the actual load (or total load versus total deformation) required to aii 
cause failure, and not with a unit stress calculated by dividing the load ee 

LS “wali On the matter of joint elongation, it was vas the writers’ intention to show that ov 

Pe i a for calculations involving elongation of members such as are necessary in com- - 
. puting deflections, i in computing secondary stresses, or in analysis of statically — 


indeterminate structure, it is unnecessary to take the joints into separate - Fix 
; ys _ sideration. A joint occupies only a short proportion of the length of a member. Be 
4 ‘The extreme ratio of 3.32 was for 8 joint which probably » would not be used 
Messrs. Hartman and Holt have contributed valuable additional data on 
the problem of the effective net section; the information having to do with Legh 


aluminum small rivets, ‘and very thin plates is of interest, 
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d California tests to compute the ultimate loads within | am average error oe 
about 10% (range, 30%). . Although this may be 1 true, the effective net widths — o 

% computed by means of this formula bore no relation to the results of tests. = 

7 Close agreement was found between values of effective net width, and width os a 

determined simply on the basis of full net section, without the use re any : 

a of rows of rivets such as are used in bridge construction, rather than with con- he: ; 

4 —— with few rows of rivets such as are used in ship a and tank construction. 

Jones’ "Suggestion n that further experimentation may well be done on 


small specimens is well taken. As expressed in the “Introduction” to the 
paper, the reason for the large specimens was that those responsible for the i a 
< tests felt that current practice represented too extended an extrapolation of 

_ previously existing experimental data which had been obtained from tests of _ 
small specimens. As mentioned by most of the discussers, the confirmation of a» +" 
major design practices was a valuable result of the investigation. “i ae 

_ It appears that all research programs develop the need of additional ones. 
x the standpoint of contribution to the art of structural design, the oxen ng 
appear to be most: of additional at the p time: ls : 


Further confirmation of the conclusion that ¢ greatest actual 


obtained by full-rowrivetingy 


_ 2. Determination of the ratio ere gage and rivet diameter, pe: most ec 


‘ 
* 


3. Investigation of Mr. Jones’ suggestion with meer to ‘the u use of a weld 


end of splice or gusset plates. mari) 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


COMBINING GEODETIC SURVEY METHODS 


Cart M. BERRY,* Assoc. M. AM. c. C. 


ITH ‘Discussion py Messrs. L. L. Sawyer, Pena Kissam, 
_ The purpose of this y paper is to present the field and office technique dee 
_ veloped on a large reservoir boundary survey, in which the economic con- 
_ sideration of the integral parts of such a survey has resulted in in a more foaajie le 


less | costly treatment of land acquisition survey practise. 


/ The Grand Coulee Dam is situated on the ( Columbia nana in northeastern a 
* W ashington, _ 153 miles down stream from the point where the river enters the 


‘State. Four rivers importance—the San Poil, — 


— > ‘a 


about 500 paratival be created by the lake behind this's ‘the 
] i man-made structure in the history of the world. The deep Columbia Valley at 
: “at characterized throughout ai as consisting of of softly ‘molded rolling hills and valleys, 
and lends itself most favorably to ‘the development of a strong network of Ae 
triangulation for co-ordination and control. 
Summarized, the purpose of the boundary survey was: (a) To determine 
ie the extent and ‘aren of all real property s situated and lying below a a general 
ee, sf taking line, or flow line, the elevation of which was fixed at 1 310 ft above mean 
level, and to fix and defi: define the boundary lines of of the area by executing & 
te traverse of unbroken continuity lying along, or just above, the 1310 a 
____ (6) to control the flow-line traverse properly with a network of triangulation of 


Civ. Engr., U. 8. Bonneville Power Administration, Portland, Ore. 
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-_ a and 114 miles, respectively, up stream from the dam site. _ Numerous re 
streams of minor importance are tributary to the Columbia e 3 
q _hackwater area some entering in narrow _nrecinitonus fa’ a otners 
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a (c) to recover or properly re-establish the original survey corners and tex. a 
cadastral points established | by the General Land Office and ‘reference 
them to the rectangular co-ordinate system; (d) to furnish the Legal Division | 
of the United States Bureau of Reclamation with analyses of chains of title, | 
: in the cases of parcels having obscure or or inaccurate descriptions i in previous _ 
convey ances, and finally to furnish the Legal eerie with properly closed hs 


network ‘of control triangulation permanently and constant this network to the 
adjacent existing first-order triangulation of the U. S. Coast and Geodetic 
‘9 ‘Survey, thus referencing the entire system 0 of co-ordinates to — ederal net- 
work on the 1927 North American Datum. 
a Methods of making control surveys, within themselves, are not new to the 
_ profession; nor are the Many accoutrements of retracement and flow-line sur- 
_veys. The combination of the two into a single, simultaneous operation en 

4 compassing the use of instruments ranging from the simple hand compass to the 


—*‘12-in. . direction theodolite, and of distance determination from the woodsman’ s 


= ah Early in the work, it was decided that all project co-ordination ote) be 
— on the horizontal and vertical dats commonly accepted by the twenty- ; 


a 
pacing to invar taping, introduces a new procedure, and is distinctly a problem | a 


mn the U.S. Bureau of Reclamation i is a member. 4 all s surveys would be 
-Teferenced permanently to the National network and would provide not only 
lasting usefulness of all Bureau surveys to Federal, State, and local agencies, 
: _ but likewise would be of advantage to the Bureau in any future work performed 
a by other agencies in this locality. Consequently, all horizontal control was to 
_ be referenced to the 1927 North American Datum, which has as its basis | the 

- Clarke Spheroid of 1866. Vertical control was to be referenced to the 1929 __ 
devel net adjustment of the North American continent. | baa 
’: that is, = 
that all position computations in the field would be made wa at least two inde-— 
pendent mathematical solutions, and that by a - comparison of the two routes - 


——# computation a ratio check of the actual field error would result. This ratio a 
check was set by to be not more than one part in 5 000 for 


a, to be established by sataceishent and precise se leveling methods, adhering to the om 
e4 specifications and to office and field procedure of the U. S. Coast and Geodetic — : 
1933-34 the Bureau of Reclamation established Triangulation Station 
s Alpha at Latitude 47° 58’ 007844 and Longitude 118° 58’ 297827 as the —— 
- a rectangular co- co-ordinate system for the Columbia Basin Project. The “a 
was determined first-order and second-order 
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Parallel are of the U. 8. Coast and Geodetic Survey. Rectangular co-ordinates, 
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grid co-ordinates of all intersection and resection ‘third-order 
‘ stations within the figures. The scale error, increasing with the departure _ 
_ from the origin, had enlarged to the point at which, if use of the Grand Coulee Pi 
_ Grid Datum was to continue, it would be necessary to compute all third-order a 
points first on true geodetic datum and then convert individually to the rec- ee 
 tangular grid. The reason for this ‘proposed « conversion was to smooth out, — 
proportionately, all grid ‘discrepancies because, with departure 
™ a the grid scale was too long with respect to an east and west direction, 
too short in a north and south direction, and lines perpendicular on the spheroid — 
were several seconds askew from normal on the grid. _ Thus, although the 
: = of the plane co-ordinates was well within one part in 25 000, or first- : 
7 —- the mouth of the Spokane River, the >» discrepancy would approximate 2h 
* one part in 3 500 at the point where the Columbia River enters the State. f 
‘Toward the close of 1935 the Lambert Conformal projection tables—one 
covering the north half, and another the south half of the State—were pub- 
lished for the State of Washington. The wide-spread adoption of smi 
_ systems by other States, particularly those in the East, quickly led to the 
_ decision to place all future Bureau co-ordination over the reservoir site on nthe s 


— 


, _ Early in 1934 two retracement parties s were organized; they began at the 3 

dam site and proceeded up stream in search of the General Land Office corners, z s 

some of which had been a established by « contract ¢ surveyors more than fifty ree 
_ years before. Each party, comprising seven men, was assigned one bank of i 
river, and pursued its search by the stadia-transit traverse method. ‘Where 


| 
party, and the time-honored “timber- cruiser” ‘method was in- 
sugurated « on ‘the ‘Project Two seasoned -woodsmen, well trained and ex- 

; rees and bits of evidence, were employed. 
a The ones starting from a a known corner,’and armed only with photo- 3 i 
ihe static copies of the General Land Office original field notes, a foresters’ staff i a 
‘compass or a hand. compass, paced ‘off the ‘required distance in a cardinal 


get direction, and recovered or marked for re-establishment the corner sought for. a) 


Wis Upon arrival at the scene of a corner the retracement t engineer first made Z 


; search for evidence of the corner monument or the corner — 
a ‘accessories, as described in the original field notes. If found, or restored either 


: from the accessories or upon reliable os (word of mouth) evidence wears 


lt » the datum plane 1 310 ft above sea level, were then computed.?_ This fro 
designated the Grand Coulee Grid Datum (GCGD), and its use was | Re 
= = i to a point approximately 30 miles east, and at nearly the same lati. a a 
Station Alpha. The practise was, after adjustment, to convert the off 
geographic positions of the main-scheme second-order stations to 801 
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4 ‘some near-by identifiable object to the now lost corner. In afew cases Court 
“ad adjudications locating the positions of disputed corners would form the e basis 


§ 


ear Failure to recover a Type A, or original corner, would lead to interviewing 7... 4 


the adjoining landowners for support of established d fence corners. If they were 
~ found to have been established beyond the statutory length of time required for Es 
the enjoyment of peaceful occupation by the abutting owners, these points were — 
designated as Type “B” corners, or legal corners of occupancy. Here on 
all available parol evidence was entered on the Cadastral Retra 

- form, and the attest of the parties interviewed was obtained. | 


4a After all possibilities of typing a corner as “A” o or =? "5 were exhausted, the a 


| to, and the methods prescribed by the General land ‘Office manual 
Accompanying ng each retracement who, in addition 
to to lending assistance in the recovery of the cadastral points, would determine oe 
} which of three general methods was most applicable f for ‘use in co-ordinating | the ae = 
point. The man performing this detail of the work was an important — p. S 
to the organisation; his ability and developed judgment “oR a marked — 


first was subject to a number of variations in It a 


point was visible from three triangulation stations and otherwise possessed the 
condition of location essential to a a strong “fix,” ‘it was “signaled” by placing a 7 


Ts by 4-i in. . signal pole directly over ver the corner-stone itself and the method of ee en 


in designated “Intersection station, central.”” 


fom the point, was weed as s the the « distance: was ‘measured carefully : and 
pes eccentric azimuth was read from a staff compass. This method was desig- 
nated “Intersection station, point nea near.” This latter method, although intro- 
ae one additional step in the computation work, obviated the ne necessity y of 7 
, - plumbing and guying a signal pole over the stone monument, which is objec- — 
- tionable chiefly because | livestock v would often push over such a signal. ; On the bX 
te hand, a 4-ft post, set 18 in. in the ground, was secure from this ;danger. 
Where signal posts were set beyond the 20-ft limit from the corners, the designa- — 
i “Intersection station, transit eccentric” was used, and the distance and 
Seaton were obtained by the signalman with a metric-foot tape and a light- ey 
wat transit. Often the densities of Indian allotment and cemetery corners, 
Se traverse control points, and adjacent section corners, would permit observation 
“Criteri e procedimenti per la formasione della mappe catastali con la aeres,” 
R. Istituto di Ingegneria, Milano, 1935, pp. 16and18 = 3 | 


from some local landd¢ ; ces On was 
Retracement Record form (see Fig. 1) and the corner designated asa Type“A” 
recovery. Often a diligent search of old records in Court houses or abstract 
— 
— 
— 
— 
Points were co-ordinated either as: (a) Full intersection stations, (b) as 
| 
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BUREAU OF RECLAMATION S.B.C.. 
_RETRACEMENT in 64 


From originel G.L.0. field notes of /88/ | Evidence found _ — 1937 


Type "A" Original G.L. found sor restored 


e 
Date established, epyrexinately, "1889 
» Owner in 
» Owner in 
— » Owner in 
F place » Owner in 
“Legal as (s) constructed: east 
Set an 8 x/0"x/2" basalt Stone south ins 
Mkd. %S. on north face west 
12-13 ~ 37 north 
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Type "ce Reestadlished by U.S.B.R. retracement survey, 
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from eight to ten “transit-eccentric ’ from a single on an inter- 

Necessity for the second method, that of the resection, or Pothenot m method, | 

a arose chiefly from three situations: 2 @) That in which have second-order i, 

’ to a signal, either 


conditions s of that in w which, a poorly located 
z for the requirements of a strong intersection, use of a three-point-fix observa-_ : 
tion from some advantageous point near the corner would enable t! the ‘observer 


In deciding over the of this the signalman left the of the 
: “point near” and the objects to be observed upon, to the judgment of the three- 

- point observer. ’ Only a flag or banner was left at the corner to assist the ‘ob-— 
‘The third, or traverse method, was necessitated where dense stands of a 

timber prohibited the use of” triangulation methods. _ Three such traverses a 

were used, two along the Columbia River near the town of Lincoln, W ash. — 

Si (see Fig. 2), and one on the Spokane River near Little Falls, W ash., , where ey 
P 
4 “fixes” at each end of the traverses” made it necessary to tape only in one - 
rection _A fourth invar traverse was taped along an old railway road-bed — 

- inthe Hawk Creek Canyon, and since a “‘fix’’ was impossible at the upper end, 

the traverse was double- taped to meet the requirement of check position. 


= by metric-foot taping, or by making them intermediate angle points in | 
transit a and steel tape loop traverses of third-order or originating and — 


‘ending a at points along the precise t traverses. 


i First-Or Order. —First- order triangulation st surveys a chain of 25-mile 


eke 


site over the rigation balancing reservoir area in the Grand Coulee to Coulee a 
City, Wash., tying in to existing stations of the U. S. Coast and Geodetic Survey — re 
at each end, and to stations of the Geodetic Survey of Canada north of the ' 


Boundary. "The network thus established extended to the high mountain» 
: “peaks adjacent to the reservoir areas and established solitary control stations << 


Le flow Shee. At the same time similar control stations were fixed in - position _ 
pa at the heads of tributary reservoirs in the San Poil, Spokane, and Kettle rivers. 2 
on Besides the two 50-m invar tapes and stretching apparatus fo for measuring» 

My - base lines, the Bureau obtained two instruments for first-order observations 
‘from the Coast and Geodetic Survey, a 12-in. direction theodolite, and a 7-i in. 

 Day-time observations of double zenith distances were re made upon 


ae. helioseope signal lights, using the vertical-circle instrument. Anges were 
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These latter observations 
ae In the Summer of 1934 a ‘camp was established on the Columbia River 60 
miles down stream from the International Border. Eight men were given a 
rigid course 0 of training in the many duties and responsibilities of lightkeepers. — 
Next, their adaptability. for this rigorous s and exacting work of back- packing, - 
camping, and flashing code messages with helioscopes and electric signal lights, Bi 
was tested by sending them out alone for two or three e nights of work on al 
‘mountain peak. - Those men found to be qualified were given regular ass 
ments on reconnaissance work to locate all the wy of the first-order net. 
The ac 
occupied, ‘and the geographic positions of a total of 97 points 
_ Among these were a number of fire-control towers, and their positions and azi- 7 


a the U. S. Indian Field Service, and the State of W ashington Division of sean 
_ try. A number of aviation beacons were likewise ‘“‘cut in,” and their positions — 
supplied to the U. S. Bureau of Air Commerce. _ Mapping operations of <a 
U.S. Geological Survey were in progress near Kettle Falls during the snviorran a a 
_ of 1935-1936, and positions of a number of their topographic control flags were — r 3 
supplied that Bureau. Still later, a part | of the first-order net was used in a 
controlling flights of aerial photographs taken by the Soil Conservation Service. 
First-order control for the project extended over an area of 3 038 sq miles. ae 
a Second-Order. ._—Between the control stations established by first-order work a. 
along the reservoir site, a secondary network, made up of quadrilateral figures 
averaging 1.75 miles in axial length, was monumented and observed. Lengths 7 
ae were expanded into the figures at the ends of each net from base lines measured 
ith second-order accuracy, and, after making least-squares adjustment ll 
3 tween the control stations, the latitudes and longitudes of the triangulation 
is, stations were converted to rectangular grid co-ordinates to _ simplify their use 
in conveying tracts. Spacing of first-order control stations along the flow lines a 
breaking up the second- ~order work into seven nets al along the Colum-— 
bia River. Three additional nets extended into the valleys of the San Poil, 
and Kettle rivers. Division of the nets in this manner offered 
advantage of of having available, for the Right-of- -way Division of of 


and flow-line control points, and double-zenith-distance measurements ~ 
trigonometric leveling, were all observed simultaneously from the second- order 

&, ‘stations; 7-in. theodolites reading to 10”, with single, opposite ee, 
a used. Although this theodolite was of the “repeating” type, all pointings were es 
made by the “direction” method, the high quality of the circle graduations = 
permitting this variation. . On the main network, 12 positions of the circle were 
-tead, with a residual of 5 sec from the mean specified as a maximum, whereas | 
three positions were used in pointing the cadastral signals, and the same 
Tesidual specified. of the 


ig = 
| 
| 
| few weeks after the second-order and third-order work in that net had been §$|§§ $$ 
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be ere in much less time than it could have been by the method of 

Fepetition, of poor or some of the signals during 


The pai parties occupied 342 second-order stations and determined the geo- 

Pine _ graphic positions of 2020 points. An example of the notes for seven of these __ 

ne 9 stations is presented i in Fig. a 1 Second-order control for the project 23) 
4 


Third-Order. —By triangulation or traverse of third-order accuracy, or by 

“some combination of the two, the positions of all cadastral points within, and 
ad jacent to, the reservoir area were co-ordinated and referenced to the existing - 
‘monumented stations. In most cases this was accomplished by measuring the a 
angular directions to signals set at or near the retraced cadastral monuments or sg 


a flow-line angle points; and the procedure, because of its closely related pee 


ordinated by three- capes observations pense from an open spot near the 


Fare already well known n 
photogrammetrists, and use of this method represents the refinement necessary — 
to its adaptation to cadastral surveying. 

to the “three-point” observing party emphasized largely the 
necessity of selecting stations carefully for a strong resection, and further 


tee out the dangers of a Phy on or ‘near - the are of the great 4 
| surv rveying, and the only further mention of the procedure in this paper is of “a 


_ development of an arbitrary index to the strength of any given three- point- -fix, 3 


3 which will be found with the description of the computing form in use on this se 


7 ‘bel Rather frequently | a landowner would appeal to the Right-of-way Division — 


~ te complete appraisal ; and s surv rvey ¢ of his tract in 1 advance . other work i in 4 : 


of the property transaction. - ‘In that case the three-point party — would co- 
ordinate the adjacent corners and traverse control. points: quickly, and the 
+a necessary plat would be forthcoming within three or four days. ities 
hy The use of a standardized metric-foot tape was found most applicable for 
; “y co-ordinating points within 100 ft of the control station. ‘For points lying 
; “4 beyond 100 ft and up to 500 f ft, or for taping loop traverses, a standardized — 


—-- 300-ft or 500-ft steel tape 1 was used. ills . standardization site was laid out a 


the inv ar tapes, anda calibration was compiled for each of the two 


on ‘they furnished means of determining the plus or 


minus for various conditions of temperature and -catenary. For 


3. formance to the second-order work, has already been described herein. Thefew ae 
remaining ¢ corners which lay concealed from second-order stations were 
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00 ft of the tape lying on a ‘flat surface (supported throughout) and 300 ft i 7 
a, under 15 kg of tension, the correction | would be = 05) + i: oe 


— 0. a or 500.00 — 0.17 = 499.83 ft as the true distance. a 

TABLE 1.—Connzcrioxs FOR 500- Foor OF 


(Two Supports; Tension = 15 Kilograms) 


FOR THE FOLLOWING TEMPERATURES, IN ( 
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* Tape supported throughout. 
Nets: above t the line plus; those below are 


ing: (a) Triangle closure at the control station, in cases where cuts could be 
_ obtained only from two second- order stations; and (b) observation of one line of | $ 
a three-point-fix Teciprocally and holding the direction of that line as fixed, 
__ where it was impossible to obtain a cut to a fourth object for a check. — Such a 
_variations, although seldom used, made possible consideration of the “‘fix”’ as 
Third-order triangulation and traverse control extended over r 406 sq miles, 
and a total of 1 934 points were co-ordinated by surveys of this accuracy. In- ae 
- cluding the positions of the 384 monumented stations occupied, a total of 4 051 aay 


control points and cadastral corners were co-ordinated over the project. 
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‘The presentation, ir 
performed simultaneously with control and co-ordination will necessarily be 


- limited to the discussion of the economies in time and effort resulting from the ie 
Topography _—Topographic mapping of parts rts of the draw-down area rea through 
town sites and across tracts of relatively high valuations made full use of r= ry 
adjacent control, both horizontal and vertical. Plane-table sheets were pre 4 
pared in advance with the grid co-ordinate system, flow-line traverse, and such 4 
natural objects as might be used for resection cuts, plotted on them. x Control a 
of inestimable value in mapping these isolated areas. 
length of the reservoir site had been prepared jointly by the U. S. Army Engi- a 
Sa the U. S. Geological Survey in 1930. A limited degree of control for 4 a 
the stereoplotting had been provided by the latter organization by pemrem pak 
| riangulation, | and nd although a faithful representation had been made of the 
terrain as to the prop proper shapes and sinuosities of the —— displacement Bi 


Early i in 1934 fight” of single-lens aerial was for the 


project by a private contractor. This flight extended 75 miles up stream from 
the dam, embracing t the area of the so-called low-dam backwater. — A unit of fthe 
BY triangulation party w was detailed to signal points o on the ground toa appear in nthe 
ie aerial photos, and to perform sufficient picture-point identification work and 


control to a the contact prints adequately ir into a controlled 
mosaic. 


photos to enlarge wen some feature of a special right-of-way problem. — After 
a identification n had been r marked on the photographs, they were handed to » & ‘ 
tight-of-way appraisal crew, and greatly aided this feature of the acquisition 


> work. Later they were utilized in the development of the new highway and 
_ road system which ‘Teplaced ~ road es 
rea to be flooded. 
q —Control surveys, both horizontal and vertical, found wide- 
| spread use in the field surveys to determine backwater effect of the reservoir - se 
ae pool. Sounding ranges were co-ordinated quickly throughout the betkwattr 
reaches, and profiles ¢ and d soundings placed on project datum 
its of | levels, 
ults 0 precise evels, 
Miscellaneous.—Special field surveys called for by the -way 
embraced those made necessary by inaccurate or obscure descriptions 


found i in previous conveyances. Often large involving excesses or 


% 

3 away from the river banks, left in doubt the actual amount of ownership = Ea 
invasion of the 1 310 contour. terrain below 1 100 was often the extent of 
— 
ay 
— 
stantially the same methods as were used in co-ordinating Cadastral corners, 
rec} Md and the section corners were identified wherever possible and pin pricked by the ag — 
: 
— 


State highway, rural road, and railroad rights of way, nad would require that 
_ these tracts be related to the adjacent properties. More ‘often, an obscure 
point of beginning, an unclosed description, or questionable orientation, woul 
the troublesome feature of a conveyance. Once carefully surveyed 
_# related to the governing system of rectangular co-ordinates, a perpetuation 
of boundaries would result, and would permit, at any future period, the the exact 


a re-establishment of boundary m markers subsequently lost or or destroyed. _ 
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ing at the same time a double-zenith- set of observations. Blevations 
} ‘obtained by this method were reliable to within one foot of the true elevation. _ 
o % Of no small degree of importance on the project was the exacting require- 


ment, at the Grand Coulee dam site, for precise construction control. To 


provide adequate control for the building of the world’s largest structure, the 
standard of accuracy was set at that of first-order triangulation and precise _ 
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DEPARTMENT OF THE INTERIOR 
> BUREAU OF RECLAMATION 


COLUMBIA BASIN PROJECT— WASHINGTON 
“= 
GRANO COULEE DAM 
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telephone crossings. The Ten at Tor = 
gth of span and elevations of supporting towers 
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eveling Location of the axis of the dam, fixed by the U. 
Engineers some years before and marked by them with two iron pipes, was 
adopted subsequently by the Bureau of Reclamation as a result of its explora- 


tion studies. Projected outside the works area with the precise theodolite, a 
the axis was marked permanently and referenced by grouting standard bronze Be: 


_ disk markers in granite outcroppings, at points commanding a full view of the SS 4. ; 


construction ares. _ The stations thus marked were designated “east axis” 2 


and “west axis,” and formed the south side of the first quadrilateral figure + : 
7 (see Fig. 4). Station Alpha, already set on the east bank near the center of the ie 
-contractor’s s future town site, and Station Osborne, on the west bank in the ei, 


| STATION DATA” 


r| 
pee ) | es 


ista /S (3496 7,088. 


us overnment engineers’ future city, completed the figure. The ‘base Ii Ww 


“axis of the dam at elevation somewhat below Station East Axis. 


_ Four steps of the survey were accomplished in occupying the stations 4 


_ this first t quadrilateral figure: namely—(a) The 1 100-m base line was expanded hy. 


into the scheme, (6) third-order directions were measured to the near-by a 


etn corner signals, (c) directions of first-order accuracy were . measured to 
‘supplemental stations established for works area control, and @ observa-_ 


‘= positions and azimuths with respect to the 1927 North American Datum. 5 Es. Fs 
A rigid least-squares a adjustment of the works area control was | next per : 
and a grid using the axis of the dam as ‘meridian, was devised 
for use over the are 
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. gressed, and thus afford an easy means of holding form-setters chaining errors. Fe 
In the leveling, two o reciprocal river crossings were observed, and 
16 permanent bench-marks were established throughout. the works area for 
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METHOD OF COORDINATION 


Tt 

OF RETRACEWENT NOTE 


ORAL CORNER RECOVERED Of RESET FROw TREES 
COMMER Of OCCUPANCY RECOVERED 


CORNER CONFORMITY 
on 


__ In 1934, during the first few months of control survey activity, headquarters .: 
_ for both the field crews and the computing detail were maintained at Almira, is 
-Wash., the town nearest the dam site. This period of intimate contact between _ 
the two units of the organization was utilized largely in initiating the procedure — 
Af - to be followed i in the steps of converting field data to their final form of con- — as 
veyancing plat. Later the two units were separated, the field office being 


: 


moved successively to Davenport, Colville, and Coulee City, Wash.; and the i 

computing detail was stationed permanently at the dam site (Coulee Dam, ii. 
4 Wash. ). To facilitate the transmission of field data an expeditious system of © 

data route sheets and index maps was devised (see Figs. 4and5), 
Index maps were oriented to maximum of 


— 
_ 
were eg — 
— 
= eters. Resulting lengths were adjusted to values furnished for each tape by the a a 
U. S. Bureau of Standards. By “wiggling-in” in two directions, any of the a 
4 torcooting lines mich eadily he Os as the dam cons ctio pro- 
A 
~ 
mf 
— 
= 
SIGNAL BUILOING CARO STATION List of sown 
i: cano omections | ow TRANSIT TAL 
— 
pe 
— 
— 
— 
— 


-SP2 over the San Poil Biwe, A441- SK1 to ‘-SK5 over the River, 
and A441-KT1 to -KT2 over the Kettle River area. 
_ Each cadastral corner or control point co-ordinated bore a serial number, 
first assigned to it by the signalman, and referred to as the Signal Building 
‘> _ Card, or “SBC” number, of the point. _ For indexing, the “SBC” number was | 
to the numbered index map and data route sheet of correspond- 
_ ing number, on which it first appeared. Thus, all data pertaining to each — 
individually co-ordinated point, including its retracement record, signaling — 
-record, co- “ordination list of directions, and its intersection or ‘three-point-fx 
= computation, together with any subsequent ‘correspondence | pertaining to 4 
the point, were filed under the SBC number of each in the proper index map 
folder. Duplicate files were maintained i in field and at computing 
Advance sheets of the index map series were , prepared i in the field office as 
quickly as reconnaissance data were forthcoming. These sheets, locating 
‘approximately the positions | of second-order stations, we were compiled and blue- 
— chiefly to aid the three-point party in their resection problems in the 


"i rig a The data route sheets were e prepared at the field office in pencil as the work , 


progressed. — Upon completion of the work over that area, they were inked _ 
the sent with the index map to expedite the work of the computing force at is 


the headquarters office. _ The data route sheet followed through each step of Ce ‘ 
the field and office procedure indicating, in addition to permanent station data, 
the of the field chief performing each 1 step of the retracement, signal 


The field office provided all final values 
first-order st stations, and the vertical angle ele elevations ‘of at stations in the second 
order nets” of triangulation. Least-squares adjustments. for this work were 
La Us, made generally during inclement weather by members of the field parties skilled _ 
in higher mathematics. Station description cards were typed in the field 
Office for all monumented stations | co-ordinated points, and photostatic 


agencies. . At headquarters office, field data were resolved to final co-ordinate j 
a and the individual parcel right- -of-way plats were prepared for the 


Two forms were devised by computers 
for the intersection station solution (see Fig. 6), and the other for solution of the 
resection, or three-point-fix problem (see Fig. 7). _ Each makes provision for 
carrying the through traverse courses beyond the fix” point t 
By. the corner ow Instructions for the use of these forms are to be found in © 
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new the: of terms is and is believed to offer the utmost 
is speed where a calculating machine is 


I ntersection Computation: Form. —Att the office t the data for 
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as many as a a hundred or more cadastral points: ‘(third-order stations). 
e - Opposite each name appeared the angle which the direction to that ; Signal had ~ 
- been observed to make with the direction to the initial or first point on the list. E 
was one of 1 the second- order r stations, 
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After the office had completed on 

second-order net, each list of directions received two items which served to fix A”. 


= all the second-order stations on a list, including the direction to the initial * 
station. Thus, the initial station would have an adjusted direction slightly — 
above or below its observed direction of 0° 00’ 00700; but there remained, as a 
the point | to which all unadjusted third- order observations on the list were : 
by referred, a direction of 0° 00’ 00700 which was no longer the direction to any 
or real object. - However, there was no confusion in this, as the fixed grid azimuth * A 
of the residual 0° 00’ 00700 direction was very easily computed and recorded 
‘: at the head of the list. - The grid azimuth of the “cut” from the covepled - 
i station to any signal i is thus the s sum of the ‘al azimuth of the initial rms ‘“ 


A, 


simultaneous solution of two equations represent cuts from two 
order stations. Adopting this widely used principle of analytic =. 2 


computation form devised for use on t this project: reduces the work of co- 
“ordinating intersection stations to a routine requiring ‘approximately 15 min 
ang Each third-order signal was observed from three second-order stations. . 
Only rarely were the three cuts exactly concurrent; usually they formed a small 
triangle of error. No attempt was 1 made to determine the most probable | 
position within this triangle. co-ordinates of the point of intersection of 
a two cuts — intersected most nearly at right angles were adopted 
servations were rarely in error by more than 
3”, and the cut rans second- order station to third-order signal seldom exceeded 
miles in length. Under such circumstances it appeared that the 
nent , intersection p point wes winally within 0.15 ft of the point that would have been oe 
| obtained by a least- -squares adjustment of the three observations. In the 
computing procedure > the co-ordinates of the pc points of intersection of the ¥ 
_ strongest and second strongest pairs of the three cuts are determined. The 
} * displacement between these two pairs of co-ordinates i is also the length of the a 
E: shortest side of the triangle of error. It is a valued indicator of the accuracy —s_—- 
shortes g curacy 
es of the adopted co-ordinates and as such it is conservative because it is probably 
a somewhat greater ‘than the actual error. The co-ordinates of the third and 
_ weaker vertex of the triangle of error are not computed. _ The form (Fig. 6) is 
Biscaapad adapted to use in resection problems and variations where only one or -.) 
_ two cuts from second-order stations are available but additional observations: 7 
is have b been made from the third-order signal to t to the second-order s stations, e sa ie 
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=| Number of 
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@EODETIC AND > CADASTRAL SURVEYS 
Three-Point-Fi iz Computation Form —The form developed on this on 4 
fe the solution of the resection, or three-point problem,‘ suggests on 
cal short cuts to the computer familiar with calculating machines. _ 
‘The example given in Fig. 7 required 20 min for the first computer and 15 min & 
for r the checker. . Among the advantages of this form are: (1) One woke 
ae" takes care of all variations of the three-point problem; (2) necessity is eliminated et 
_ for preliminary inverse computations between the fixed stations; (3) all com- 
4 | putations are performed on one sheet; there is no need for scratch-paper com- 
putations; (4) warning is furnished if a fix close to the “great circle’ i is 
computed; the quantities and M-N both become very small and 
: - contain less significant figures than are required for K; (5) in its elimination of _ 
inverse computations, triangle computations, and all trigonometric functions > 
oe except the cotangent, this form (Fig. 7) has many features in common with © 


aS 


Bureau of of Reclamation form, , Fig. 6 (as developed on the Columbia Basin 

unknown point is quickly co-ordinated by solving ‘two 
he more equations of the form of Equation (1), every direction or “cut’’ on the 

ye plane « co-ordinate system being exactly ‘represented by such an equation. 

vaN These similarities between the latter form and the three-point form contribute 


mutually tot the development of speed in the work of an inexperienced computer : 
we who must become accustomed to all types of co-ordination problems. A dis- ra 
7 
cussion of the strength index,” as to this form (Fig. 7), is shown in 
In one of the completed etal nets, the third-order work o> a 7 
‘3 maximum side closure of 0.55 ft and an average of 0.21 ft. If one assumes the a 
xe average length of sight to be 8 000 ft, the average closure of a  three-point- -fixor 


a third- order intersection station is one part in 40 000, and the Poorest 


tonsistently attained. Adjustment st statistics of the first-order — 


order nets are shown in Fig. 8. | | 
ion _ Right-of-way plats (see Fig. 9) for the Legal Division of the Bureau v were - 
- prepared on scales best suiting them for binding with conveyancing forms. 
Characteristic data appearing on the plat for each | parcel were: (a) Representa- K 


of the value of 6, or mapping angle, from true north, (0) the recitation 


of Plane ‘Co-ordinates, ” and (c) the Y and X co-ordinates of of two 
adjacent “dry” monuments and the bearing and between 


af £435 


A simplified cost keeping method was inaugurated early in vith 
the control and surveys, inasmuch as the new procedure was often 
subject to critical review, and further to facilitate a detailed analysis of the a: 
economies of the variations in procedure a as the work | progressed. The Bureau 
of Reclamation sy system of cost accounting, last revised in 1917 when the Bureau — 
survey activities if ever, extended themselves canal location and 
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AND CADASTRAL, SURVEYS 


Cosr AccouNTING : Grand Coulee Dam—Columbia Basin Project 


G rand Coulee Balancing Reservoir 


(674) 10 Farm Units 
668) 4 Location (675) 11 


— 


668) 3 Flow Line { (675) 12 Triangulation—Second-Order 

668A) 4 Retracement (675) 13 Triangulation—Third- 
Reconnaissance (other (675) 14 Triangulation—Fourth-Order 
68 than mn triangulation) (675) 15 Precise Construction 
(676) Level Control, Precise 
(676A) 17 Photogrammetric 


Station marking (p) Cost per linear mile 

Signal building (q) Square miles covered 
Moving camp iy Cost per square mile 
Base-line Cost per station occupied 

te 


Setting precise targets Stations set ins 


nates determined 
Office gen- (x) Cost per point determined — 
: eral (not to include abstracting — (y) Number of corners retraced 


‘Limited time for cost by the: field organisation necessitated a 
of simple structure, yet one which might be relied upon to give, when called for, 
any unit cost with accuracy. Segregations were made daily by each party 
a chief, assigning in the proper column of the daily labor report the account 
ie * number and detail symbol pertaining to his crew’s work for that day. At the a 
ai end of the month the office clerk added to the slip the amounts for salaries, ferry ne 4, 


ad 


‘i tolls, fixed office charges, material costs, etc. _ Transportation costs were com- : 
puted on a cost-per-mile basis furnished the field office by the project cost — a 
d 2 accountant for each car or truck, and assigned at the field office to the proper a 
| job number on a mileage | basis. Recapitulating accounts required only 3 or 
‘a 4 br of the clerk’s time at the end of each month. Unit costs were computed | 
~ ie and tabulated twice annually, June 30 and December 31. A partial tabulation — 
of the field and field office costs of control and oo-crdination eins over the 
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~ BUREAU OF RECLAMATION 
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COSTS -+ TRIANGULATION AND PRECISE SURVEYS 


‘Sheet 1 of 6 shests ow__December 31. 
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| 


Linear miles (eves and traverse) 4,91 

Retracement -40/$ 732.71|/$ 3,244.19 
(lal per linear mile = 53.88/$ na 85 
Number of corners retraced 29. ¥ 
Cost per corner retraced 25.27 $ 4.07] 


per, 
Miscellaneous - $ 800.2 26/$ 940,19 


Moving camp | 2,172.32 
dele 766,40] 4, 700,18 


166.7 


Cost per station occupied 
_ Number of points whose G.P. doternined 
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2 Final costs per acre, based on the area over which retracement was required, ar 
varied from $0. 305 to $0.345 for the different annual periods over which the 
work extended. Retracement costs, on a “‘cost- per-corner-retraced”’ basis, 
amounted to $4. 07 for the 3-yr period over w which this activity was pursued. 
of these corners represented widely-scattered points in country exceed-— 
ingly difficult to reach, found to be saeergni for subdivision purposes many — 
months after the first stadia retracement parties had gone over the area. 
- Often too, the necessary search through county records would mount the 
‘retracement cost of the individual corners to as high as $25. On the tributary co 
ume where retracement work was totally completed by the triangulation 
party, 643 corners were recovered by the timber-cruiser method at a cost of 
$2.48 per corner, or one-sixth the estimated cost of retracement by t the stadia be 
* ‘method. - Likewise, the data shown for flow-line levels and traverse costs per 
“mile are to be understood with the modification that they represent reruns of 


ost ieend the point of retracing the original General Land Office corners ~ aed 
other cadastral points and boundaries, the method developed presents a com- — 
reversal of the classical, or usual “ground methods,” of co-ordination. 
~ Although: it establishes a precedent: “beyond the previous knowledge of the 
% . Court, ” the method i is believed well grounded in the legal elements affecting — ra 


of each coupled with the permanency of such 
survey in connecting with a definite mathematical relationship to the Federal 
; e network, alone justify the procedure, and in light of the ne cont element attained, © 
further justification for the procedure i is apparent. 
‘The writer is fully. aware of the many utente placed on work of as 
“nature. Generally, topography and forest cover are primary factors in the 
economic consideration of control and co-ordination surveys; but linked in- 
separably with characteristics of the terrain are the following considerations: 
5 an. The project must be situated close to points in the Federal network, or it | 
. must be of sufficient magnitude to warrant | carrying in the control from nell 
distant network; (2) there must be no compromise with the high quality of 
é instruments and equipment required = the control part of such a worst 
m guard against the inclusion of a any but ee best qualified in their ‘respective . 
fields of this highly specialized branch of engineering. = 
i Acknowledgment is is coal to Mr. R. E. McGowan, Assistant Bureau Engi- o 
heer in in charge of ig computing office, for his brent in deve eloping the — 
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a: po and office personnel varying from a maximum of 28 men to an average ; a 
te force of 15 men. The work was done by the U. 8. Bureau of Reclamation on 
the Columbia Basin Project, with headquarters at Coulee Dam, all field 4 
work being under the direction of Frank A. Soc. 


Alle engineering and construction work of the is under the direction 
of R. F. Walter, M. Am. Soc. C. E., Chief Engineer, with headquarters at a 
7 4 Denver, Colo., and all activities of the Bureau are under the general charge of a 


es John C. Page, M. Am. Soc. C. E., Commissioner, with headquarters at Wah 


ComPUTATION OF THIRD-ORDER INTERSECTION STATIONS 
~~ The computer about to co-ordinate a third-order intersection station will 


first examine a field map and determine the e strongest and second strongest ps pairs 
i of the three cuts, the criterion being the closeness with which the intersecting _ 

cuts approach Tight angles. cut common to both pairs is designated 

* “No. 1,” the r remaining cut of the strongest pair “No. 2,” and the rer remaining x 

‘i 


— @ 


4 


of the second strongest pair ‘No. 3.’’ Referring to the sample computation 
= Fig. 6, the procedure begins by entering the names of the three second- order 


by stations, Inchelium, Elburn, and Dorr, on Lines A, 2j and 3 in the order r de- 


_ seribed, F rom the list of directions for Station Inchelium the following items a 


The Y and X co-ordinates of Inchelium. 43 


The grid azimuth, 224° 35’ (the grid azimuth of the 0° 00700700 


1 oa (c) The direction to quarter-section corner between Sections 3 and 10; viz., 

Addition produces the grid azimuth of the cut from Inchelium; written as a = arch 

it is N 74° 26’ 2770 E. | Below, in the central part of the form’ on Line 1, 

«Rig. 6, the equation of the Inchelium cut may be formed. The factor m in on 
Equation (1) is 0.2784370, which is the cotangent of the angle 74° 26’ 2770, sak 
_ The sign of the mz-term is minus for cuts in the northeast and southwest i 

quadrants and plus for cuts in the northwest and southeast Substi- 


the value of 6 is found to be — 255 899.85. It is advantageous to perform this i 
3 substitution on a calculating machine in such a manner that the — mz-terms “3 


and Y-terms accumulate on the dials. Similar handling of the observations 
tm Stations Elburn and Dorr facial the formulas on Lines 2, 3, 2, pas 4 


a 
i ___ All the work of providing geodetic control and co-ordination over the Grand 3 
— 
— 01 
— 
- 
— 
— 
= 
‘a 
5 
— 
By 
a 
a a 
— 
— 
ili = 


the lower ha half of Fig. 6, 


as ‘There is also space at the bottom of the form for a combination of Cuts 2 


q _ tte Proceeding with the use of Equations (2) and (3), it is evident that the y- ‘ 


-X-co-ordinate, obtained by machine division, is written on the right, in "the 


me 


ne 


-eolumn. The corresponding value of Y results from a substitution of the 
Evalue j in either one of the original equations, preferably the one with the , 
smaller cotangent. . This substitution may be performed entirely on the co a 
puting machine. Following the same procedure with Equations (2) and (4), i} 
a _ the co-ordinates of the 1-3 intersection appear in the lower part of the form. au i : 

is The differences in Y and X between the 1-2 and 1-3 co-ordinates are 0.03 ft ie 
— gnd. 0.10 ft, respectively. The displacement between the two points of inter- 
by _ section is therefore 0.10 ft, usually written in the right-hand margin of | the 
4a form. As this value lends assurance that the 1-2 co-ordinates are accurate 
Within the specified limit of one part in 5000, these are adopted as final. 

_ Immediately below the 1-2 co-ordinate line, space is reserved for computing 
_ the co-ordinates of the monument proper if the signal is known to be eccentric. — i 
eccentric distance from signal to monument, seldom exceeding 2 ft, along 5 


Building Card received from the field. On the sample ccnpaniies!. form 
i (Fig. 6), the bearing from the signal to the monument (S 51° 0 00’ E) has been 
a referred to the Y-axis of the co-ordinate s system. by taking the angles between | 
the compass bearings on the Signal Building Card and applying these to the 
ee reversed bearings in Sections 1, 2, and 3 in the upper part of the form. - vote ao Py 
: Computation of the step should always be checked. In ‘actual 
: patios the work of the original computer appears in black ink, whereas that } 
of the checker appears in red. For the purpose of of differentiating ir in this paper 
the: original computer ’s work is shown as tall, slope figures, whereas that of the ne 
a | _ checker’s appears as small, vertical numerals. The checker does not examine 
; ‘ the equations that his predecessor has used, but instead, computes the bearings 
Spe to the 1-2 co-ordinates from Stations 1 and 2, and to the 1-3 co-ordinates from 
_ Stations 1 and 3. It is convenient to fold under the upper half of the form 
__-‘Suecessively on n the Lines | A-A and B-B; the folded edge with the 1-2 or 1-3 
“ipsersith uppermost may then be laid beneath the co-ordinates of Stations 
— 1,2, and 3 on these lists of directions and the sight differences in Y and X may 
h. easily be obtained by subtraction. Dividing the Y’s by the X’s gives the a 2 
4. check cotangents which reproduce the foregoing bearings checked in Sections - = 
|, 2, and 3, thus eee all the computations leading to the adopted co- b's 
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MB The | computer : - about to co-ordinate a three-point-fix station will first - A 
ba amine a field map and, noting thereon the relative positions of the fix and the | 
4 four second-order stations observed, make the selection of the three stations a 
which will constitute the strongest fix . The fourth object, in this case Station ae 
Mitchell, is reserved for checking purposes. Hence, Stations Sixmile, Nine- 
‘ i mile, and Jensen become Objects 1, 2, and 3, respectively, on the computing — 
(see Fig. 7). (If the point happened to lie within the fixed triangle 
- Sixmile-N inemile-Jensen, any one of the three fixed stations could be mperiinalh 
- Object No. 1; No. 2 and No. 3 would follow in clockwise order.) The names — 
4 of the four stations are written on the lines labeled 1, 2, 3, 2, 2, and 4 in the uy 
upper half of Fig. 7. The known Y and X co-ordinates of these stations are 
entered in the spaces to the right of their names. From the List of Directions — 
the three angles 1-2 (a), 3-2 (8), and 2-4 are obtained by subtracting ascii. 


and entering in the spaces provided on the form. The cotangents of a andB, — 
taken from tables, are copied on the lines labeled ‘‘cot a” and “‘cot 8.” _ (Inter- 4 
- polation between the interval values given in the tables is an operation of only a 
few seconds on the calculating machine. For an angle greater than 90°, the a 
cotangent is negative, of course.) Fig. 7 is self-explanatory as the computer 
_ proceeds down the right-hand side of the form to Line L-O and Line M-N. 3 
When these two terms are divided as indicated on the left-hand side of the i 
form, they produce the quantity K. Directly below this quantity, K?+1_ 
be developed. To the right, substituting values in of two 
provided on the extreme right. 
teres K algebraically the position co-ordinates of 


4 


= 


observation was made. The minus signs before the Y and X co 


ordinates of “‘Point Near” should be ignored at this time but will be found oO 
somewhat advantageous in the checking: operation involving Station 
Mitchell. In cases where the value of K is greater than unity, Q may ben 

small quantity; in such instances Q should be evaluated to several places of ra 
decimals, as these significant figures will be essential to accuracy it in developing. i 
‘oi At this stage of the computation, the problem has been solved to the extent ve 
of determining the co-ordinates of the three-point- fix. An experienced com- 
a , “< puter performs this much of the computation in 12 min. The remainder of the = 
; ~ form i is used for checking both the field and office work and for resolving the my 


ordinates of the concealed monument, in this case the quarter-section corner 
a= Returning to the use of the fourth object, Station Mitchell, the computer fF 


the algebraic subtraction indicated where the co-ordinates « of Station 
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2 Mitchell have been w written. Dividing + 15 228, 32 by — 1811.40 results in. a 


: i yalue which is the cotangent of the bearing to Station Mitchell; evaluated « on 
pe the left this bearing is N 6° 47’ 0073 W. _ On the third line above this may be. 


written the Ninemile, derived from K, which i is the cotangent 


by reversing the signs of the quantities K Q and Adding (clock- 


wise) the observed angle 75° 35’ Bat 2 again produces a bearing to Station 


- Mitchell, N 6° 47” 0178 W, whieh? is 175 divergent from the Mitchell bearing 
previously obtained. _ This quantity (175) is a measure of the accuracy of the 
field observations given in the List of Directions, "provided: (@) ‘The office 

a solution has been free from error, (b) the rectangular co-ordinates of the four 
second-order stations are entirely accurate, and (c) the fourth object | is 
situated that it offers a strong check against the other three. 
The computer who has completed his work to, and including, ‘the line 
4 “Bearing Difference” (Fig. 7), finding the field data checking = Sak : 
- proceeds to the bottom part of the form and makes the simple traverse com-— 

. putation to develop the co-ordinates of the quarter-section corner-stone. ; His 
initials, ‘FP. 8. at the top of the form, indicate he has abstracted these ‘ 


o second computer checks the first man’s ; work but follows a partly inde- 


the “Point Near” are correct. He first verifies the three angles a, 4" and 2- 


~ Next, in the center part of the form, he makes the subtractions 1-Pt. ll % 

é 2 “Pt.Nr and 3- Pt. Nr. in the and x columns (This subtraction is per- 

formed most simply by folding under the top half of Fig. 7 above Line A-A on 

‘the sample and then successively placing the folded edge directly beneath the “ 
bg sien of Stations ‘Sixmile, Ninemile, and, Jensen where they are listed on 

ie abstract sheets; the subtraction is thus made w ithout copying down edi 
= .) Dividing the Y-values by the X-values produces cotangents and 
- eonsequently, on the extreme left in Fig. 7, the bearings from “Point Near” to 


2 pendent procedure 2 which begins with 1 the assumption that the co-ordinates > 


1, 2, and 3, respectively. Bearings 1 and 2 should reproduce and 


roranny Bearings 2 and 3 should reproduce 8, thus checking the office work Ls a 
that produced these co-ordinates for “Point Near.” J Below this ‘second 
checks | all the work of his predecessor. nat 


_ estimated length of the line between “Point Near” and Station Mitchell, 15300 oe a 
ft, is ‘multiplied by the sine of 175 to give 0.11 ft, which value, i in turn, is ria a 

r divided by the sine of the angle 4-2 to produce the ultimate index of accuracy, pa 
the figure on the extreme right-hand end of the line which, in this — 
example, remains 0.11 ft. _ The experienced computer can usually determine 

a the terms on this line mentally and without resort to tables. The last angle is 

‘Rot always 4-2 but, rather, is the angle between the direction to 4 and which- 

: ever of the other three objects will produce the angle nearest to a right angle. . 


This entire procedure that involves the fourth “object i is 7 arbitrary; 


# 


On the line “Bearing 5 sec is of little aid in deciding 
5 ie whether a specified accuracy of one part in 5 000 is being met. Therefore, the ¥ a 
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a “the Bureau of Reclamation form (Fig. 7) i in which the value 0.11 ft was divided — 


FE angle as possible. It will be noticed that this i is @ practice identical to that on | 


AND CADASTRAL | SURVEYS 
“the reason for it in this manner may be seen in the following’ 


of problem where a fourth object i is available: 


Mr. W. Reynolds has shown! ndthod of combining all ‘four. 


“ditections in a least-squares adjustment. This ideal method, of course, isnot 
intended for general engineering use 
(6) The suggestion of making two different solutions i is ‘made by the U. 
‘Coast and Geodetic Survey,* which omits one of the four objects in the first 
solution and omits a different. object i in the second solution. = of et ir. 
(c )A variation of Method (8) is popularly used because it is ‘quicker’ and 
‘apparently furnishes as faithful a check. "This method may be illustrated by a hy 
5 at — solution of the Bureau o of Reclamation sample three- -point problem on Coast and a 
Geodetic Survey Forms Nos. 655 and 25. - The fourth object, Station Mitchell, 
is introduced only i in the fourth triangle on Form No. 25. In that triangle, the 
second angle is obtained by subtracting the known fixed angle, Jensen-Nine- 2 
‘mile-Mitchell, from the second ‘angle ‘of the second triangle. ‘The common 
side of the fourth triangle disagrees by 0.13 ft with the side i in the first and 
second triangles. Values greater than 0.13 ft would appear if the fourth 
triangle: “were Point Near- Jensen-Mitchell | or Point Near- Sixmile-Mitchell. 


‘The fourth triangle i is always chosen so that its first angle is as near a right pi: | 


_by the sine of the angle 4-2, which was the angle between Station Mitchell — a 
and whichever of the other thres objects produced the nearest toa right angle. fe 
‘Tf a number of examples were : solved by both methods it would be noticed that ve. $x 
the final index value (0.11 ft) on the line “Bearing Difference” in the Bureau 
of ‘Reclamation form is practically identical with the check value (0.13 13 ft) 
"appearing in the fourth triangle of the method of triangles mentioned. x No ae 
matter which of the two methods i is followed, the index or check value obtained a 
— . using the fo fourth object as shown in in ‘these examples | is ; believed to be as oe 
trustworthy an indicator of the accuracy of the field observations as can ae 
obtained without a least-squares: adjustment. ‘The average of these index 
values for a large number of three-p -point problems i in a given district appears a. 
C2 the probable error in displacement for the points co-ordinated. 
In any one example, however, its index value does not necessarily rele a 
_ its probable error in displacement because, as previously no noted, a fourth object © 
ie will sometimes be so situated that it is incapable of checking all of the other . 
three directions, and sicsserea. oo ,.. 


§ Special Publication Ne. 138 (Manual of Triangulation Computation and nd Adjustment), U. 8. Coast 
and Geodetic Survey. 


Special Publication Mo. 145 (Manual of and Third Order Triangulation Traverse), U. 8. 
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wi SAWYER .ON GEODETIC AND CADASTRAL SURVEYS 


L. SAWYER,’ Assoc. } M. ‘Am. Soc. C. _E. (by letter). -—Mr. Berry’ 
aper is an excellent description of an extended s survey, including geodetic and — 
— eadastral: methods, which, until recently, were rarely associated. From the 
. in which these were correlated, it is evident that careful ul planning w was & 
“necessary preliminary to undertaking the work. ‘This paper may ‘well serve as 
a reference for any Federal, State, or political subdivision which is undertaking 
an extended survey, especially where cadastral ‘surveys are involved. sheaths libs 
oo The economy claimed by the author in the ¢ execution of the work i is not to be F. 
iS disputed. In this connection it is gratifying to note that the cadastral points a 
- were defined in terms of plane rectangular co-ordinates on the Lambert con- _ 
Mt formal projection, thus tying the cadastral surveys to a system by which lost 
corners may be easily recovered or or ‘replaced with 1 precision. 7 _ Thus the economy ~ 
: to be realized by the many advantages of plane ‘rectangular co-ordinates wil ‘ae 
: be extended into the future. Philip Kissam, Assoc. M. An. Soe. C. E., has 
_ The writer doubted the advisability of using 7-in., 0° 0’ 10” ‘Tepeating 
theodolites as direction instruments on second-order triangulation until noting © 
the results of triangle closures in Fig. 8. _ The requirements of the U.S. Coast. 
and Geodetic Survey*® angles are, for average 
, triangle closure, 0° 0’ 3”, except that an effort should be made to keep the 
pon closure down to 0° 0’ 2"5, and that the ‘maximum closure should — 
; seldom exceed 0° 0’ 6”. 4 ‘With one exception (arc Kettle 3738) the triangle 
closure i is less than 2" 6. maximum triangle closure rs ranges from 
7764. In the opinion of the writer. these results are worthy of note, 
Considering the program of observing used. Doubtless, the accuracy obtained 
due primarily to two points given in the conclusion and emphasized herein: 
The use of high-quality instruments and the selection of the best qualified — a. 


== The writer doubts the advisability of attempting second-order 


| 


RE 


| and third-order triangulations by the program outlined i in the paper, except a 
a those surveying best equipped in personnel ant. instruments. 


= is so inclusive and so well condensed that it might almost serve as a : 
a _ There are a number of points that Mr. Berry describes whith ‘should Me ' 
a emphasized strongly and which are sometimes neglected in surveys of this kind. 

_ First, it is evident that all control survey points are monumented and marked re 
‘with identifying numbers; ; descriptions of them are written and placed in a — 
permanent record. This means, | of course, that the ‘survey is 


7 Associate Prof., Civ. “Ens. , Coll. of Eng., Univ. of Florida, Gainesville, al 


*Proposed Improvements for Land Surveys and Title Transfers,” Tile! Kissam, 
Am. 800. C. E., April, 1939, p.573, 
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, siate Prof., Civ. Eng., Princeton Univ., Princeton, N.J. = 


"cated on the ground and it can be rerun for the | purpose oil locating a 


_ specifications of t the U. S. Coast and Geodetic Survey, which means that the 
. precision of the control is such that it can be made part of the fundamental 
‘oe er net of the United States and, therefore, is available for use by 


any surveying agency. Third, the Tesults have been computed i In : 


ere State plane co-ordinate systems, which means that there are available 
_ thousands of monumented positions within the area covered by the survey 


Be hich have been . determined in terms of these co-ordinates and therefore a are 


datum of the United States, the plane of these 

we Sons are the accepted plane co-ordinates recommended by the Federal Bureau _ 


Surveys and Maps and contain an exceptionally low-scale correction. 
= With an arrangement of this kind the average land surveyor will be 
ra to determine the State plane co-ordinates of all points on his surveys within _ 
distance of the points | thus established. Thus, all surveys in that 
lost, and the positions of property lines can be so described that they are ‘a 
. permanent in position. The advantages of a definite standard 1 plane rectangu- 


7. lar datum are so “numerous that the decision to use such a system cannot be 


es The adoption of methods that tend toward the reduction in costs as well 5s 
‘i as the improvements in accuracy are excellent, _and the careful cost accounting * 
; method used should be emulated. Of particular interest is the method of — 
using long tapes—that i is, , tapes f rom 200 to 300 ft long fe for r third-order t traverse. Ey 
Utilization of long tapes is a great timesaver, and it is especially important ‘ee 
‘ that the taped distances are corrected for slope rather than an effort made — a: 
to fess the entire tape in a horizontal position. . The simplicity of Table b se 
‘makes possible the field reduction of all measurements and eliminates the 
necessity for too rigid standardization of methods of support which are neces- 
sary when computation is made entirely in the office. is believed 


a urther e economies could have been . obtained had a more modern, simultaneous- 

instrument used for second-order triangulation. 

4 tion in the first costs would probably have been obtained, if such 4 . transit had 

been used, together with the advantages of using an instrument which would 

i have been far easier to transport. _ The utilization of plane ne co-ordinates for 

practically all computation subsequent to the determination of geodetic posi- — 

. tion for first-order and second-order triangulation and control traverse is to be 


i which this provides without, however, departing from a standard datum. 
‘The ‘right-of-way plan illustrated in Fig. 9 is exceptionally ‘complete. How- 


true bearings, or gi grid bearings, and it would seem proper that grid bearings 


area can be easily referred to the same datum 1. ‘The control points cannot be Y | 


— 


- commended, and attention is drawn to the reduction in computation costs. a 


ever, there i is no note or legend which indicates whether the bearings given are. 
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is engineer i in charge of any extensive survey should find this paper of great 
ho, The methods described by the author for assuring accuracy in the | 
work an and for maintaining a complete historical record of all points established & 
-_* co-ordinated are excellent; and the paper shows clearly the value of * 
= carefully, the field and office ‘procedures and arranging the 
- observations and measurements 80 as to give the required information with the 


: as the well remarks, the indirect although i in many 

‘= much more accurate than the orthodox ‘ ‘ground methods,” are too often . 
“beyond the previous knowledge of the Court.” 

T he by the author for the co-ordination of an 


“that the ‘and distances are as as the co- ordinates; 
in such cases it is necessary, of course, to look up the usual sine and cosine <= 
_ functions and | to use additional lines for their r computation; and still he 
an 


problems is is a refinement ‘that is y warranted the of such 
6 fixes. In Fig. 6 the location of the point from Inchelium and Dorr would be 4 
changed by only 0. 01 ft, and in ‘Fig. the three- fix would be changed 


- saved i in . the computations. When the use of tenths of seconds is justified it _ 
might be advisable to consider also the effect of the azimuth | corrections in 
fs computing the longer fixes. A method of doing so will be given subsequently ‘a 
_ herein, whereby grid co-ordinates may be computed accurately from geodetic 
=. angles for lines of s of any length up to 25 miles or more, the length being limited 4 ¥ 
; oaly by the accuracy with which the azimuth correction terms can be computed. * 
The method given for the computation of an intersection station (Fig. 6) 
has the disadvantage of requiring the use of at least a ten-bank : calculating 
machine unless the co-ordinates are all small; . and even in that case the q quan- 
4 tities m and b in Equation (1), or K in Fig. 7, may still be very large. This 
_ will be the case whenever the line in question is nearly north and south. % It es 
frequently happens, too, that an intersection or three-point fix is required in : 


_ the course of a traverse, in which case it is very convenient to use a method of | 
computation that utilizes the ordinary traverse form. The writer uses the a 
a. following methods which he finds very quick and simple, and which he cane ou 


— 
The entire survey seems to have b iministra- 
aa 
j 
+4 ordinates only are wanted, require & Minimum trigonometric functions to De 
* 
4 
ay 
4 
a 
— 
— 
— 
— 
— 
— 
— 
— 
— 


ON GEODETIC AND ‘cADABTRAL SURVEYS 


oth A simple t traverse form is used, whether fe for an intersection or a ‘ae 
‘hie both of which are computed by the same process; and an eight-bank 
machine is large enough for all problems; 
~The calculations give, directly, the distances to, as well as the co- 
of, the ankhown polit, aiid are entirely self- checking for all quantities 


led 3. All trigonometric functions used are less than unity, thus requiring — 


2 4. All digits on the left in either co-ordinate column that are common to ‘ 
all points may be disregarded without affecting any part of the work; ras: oe 
— wage ‘No unusual entries are ‘required i in the traverse form except the value es 
6, All three-point fixes are ‘computed in the same manner whatever the _ 
a Relive positions of the points, the only effect of position being the addition — 


a of 180° to one or another tle 
‘The time required by this 1 method to calculate and check a peeaealil fix, 


‘including bearings and distances, is about the same as by the author’s method; % 4 
and for an intersection point it is probably a a little less. 
ee Consider first the solution for an intersection point, since this is the basis 3 
also of the three-point solution. Suppose Point | P (Fig. 11) to be located 
Aras = tp — ta; = ys — Ya; and a = bearing and length of 
and and b= peering and length of evident from Pig. 


troll | Ti -b sin B= (Ayas - -b cos B) tan 


LIT, 


olt vale mbiagos ali ineb a 
at AL) at ging — 


As method of using t these formulas is such that only 
their general form need beremembered. 
_- The signs of the functions of the bearings a are in strict : 
co-ordinate system used—that is, for the usual system as shown, & ‘a bearing in 
= northeast t quadrant has all functions positive; a bearing in the southesst — ny 


quadrant has the sine positive, the cosine and hence 
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MACLEISH ON AND | ‘CADASTRAL SURVEYS 
negative, ee.” a The ‘distance a may be found from either of 7 


tions (6); but in order to keep all quantities as small as possible Equation Mags a 
ae is used if 8 is less than 45° and Equation (6b) if 8 is greater than 45°. Thus, . | * 

f tangents to seconds of arc “ue a 45° are not needed, and no function a Be 


known 
to the co-ordinate of Point B. 


q am - 


—— 


iis 


By this method the solution of the author’s intersection Inchelium 
and Elburn in Fig. 6 (omitting the derivation of the bearings which can ae 
- inserted easily) would be made as shown i in Table 2 2. The underlined ‘ie 
4 in the co-ordinate columns need not be used i in the computation. — dow , 
Se ad Since 8 is less than 45°, use Equation (6a) and compute the rien a 
first, jotting it down. Then compute the numerator and without clearing it it 
from the machine divide it by the denominator. gives the value of a, 
(+14 249. 54) — (+ 14 448.17) (— 0.1760271) = 18616: 23. 
0. 9633540) 0. 2682333) (- 0. 1760371) 


‘fe 


4 Having found the value of a, enter the y-co-ordinate of Point A i in the ‘atlas “a 
=i and compute the y-co-ordinate of P. Then without clearing the machine 
- enter cos 8 on the keyboard and crank up enough turns (positively or nega- baa 
| a tively) to arrive at the y-co-ordinate of Point B, the value of the distance b- a _ 
being given by the number of turns cranked. ‘The z-co-ordinate column then 
i serves as a check on the work and gives the z- co-ordinate of P in doing so. 
i 8 The distance 6 may be calculated by means of either co-ordinate column Ps 
the other serving as a check; but for greatest’ accuracy that column should ie 
be used which corresponds to the larger of the two functions (cosine or sine) oy: 
3 of 8. The only quantities not checked by the foregoing method s are the entries 2 


-value ¢ of b should be computed from Equation (7a) 0 or r (7b). % 
originally from Equation (7a) or (7), the two co-ordinate columns 
If the value of the denominator in Equation (6) or (7) the 


matt -Rumerator will be negative also, provided that the bearings are consistent with 7 
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given co- In this case leave the numerator a negative entry 
in the machine, enter the absolute value of the denominator on the keyboard 

and crank up positively until the result is zero. The value of a (or 6) will 
_ then n be ‘given by the number of turns cranked. _ Note that the first term of 


2.—CoMPUTATION OF INTERSECTION STATION 


jum 
26° 27°0 E. | 16 610. 23 |  0.9633540 
(-+0.2784300) 
59’ 00"0 W. | 10 146. 
one 1 1 


ay = +14 448.17| = +14 242.54 


the denominator in either of Equations (6) is the same function (cosine or sine) fe 
of a as the smaller of the two functions (cosine or sine) of B, and sare the eB 


— this applies similarly for the use of Equations (7). If these two eid are 
fixed firmly in mind Equations (6) and (7) need be remembered only as to 


pe general form, and the proper one will be chosen and used correctly almost — 
‘ 


they are ‘anita to compute a length or a ae” They are never needed to 
compute s areas, since cross-multiplication of co- ordinates (dropping the common 
digits on the left) gives the area much more quickly and with no additional Say 


columns of figures required. Thus the area of the 


[(39 946.87 83 614.46) + (55 948.40 93607.21) 
(54 189.41 X 79°159.04) — (79 159.04 X 55.948.40) rid, 

SS (83 614.46 X 54 189.41) — (93 607.21 x 39 946.87)] = 83 868 164 sq fe ae 


pie 
This computation may be made without clearing or reading the machine hes 


4 


Le Point P (Fig. 12) be located by measuring the angles subtended at P 
by the three known points A, B, and. C.. ‘These may be given directly — 

or as 8 list of directions from any initial, . Choose, as A and B, those two of 

the three known points which subtend at P the angle nearest to 90°, and — 
label them sO that A Bi is clockwise about P. the third known point 


— 
aa 
— 
— | 4 
— 
— — a” 
| « 
tl 
_— |... (or their last seven or eight digits) continuously in the calculating machine [| 
and letting the multiplications accumulate, either positively or negatively as 
be 
iJ 
— 
— G 
FF 
— 
— 
: = 
— 


A, B, Denoting by @ and directions by D, with 


te 180° if P is within triangle A BC, or if C is counterclockwise om 180° | 


ewe these ime azimuths Point Q may be co-ordinated as an 

point by the foregoing method using Equations (6). ¢ a aa age fr from oe 

: = = age if Ci is between P and 10: 


Pets 


(10a) or (106) the best intersection at P 
i line C P—that is, the angle at P nearest to 90°. Azimuths and a 
may be carried forward easily on the calculating machine, adjusting degrees, 
— and seconds for ‘carry-over only at the end of the operation. a 


doing this repeated entries are avoided. Phat ag 


pes Point P is now co-ordinated ‘as an intersection point as described. A final 
i check i is made by computing the third course from P by differences of c 

_ ordinates and comparing the computed angle with the observed value. us. ‘The 
usually not known without some thought whether or not C is between 

-P and Q, but this is of small consequence. The value of the length C P as 
a computed from Equation (6) should be positive; and if it comes out negative 
its absolute value is still correct, but the recorded directions of C al and 2 ad 

_ (or of C P and P B if closure is made on Point B), together with the signs sof 

their functions, should be reversed. These will be the only changes necessary, 

ition of C be apparent before any other 2 


Applying this m method to the author's fix given in Fig. 7, 
8 e underlined digits in the co- -ordinate 
columns can be ignored i in the computation, any changes in them being recorded oa 

a: hate The clockwise angle, Six Mile-P-Nine Mile (= 75° 43’ 02" 5), is the nearest 


to 90°; | so Six Mile is taken as Point A and Nine Mile as Point B, making hs rag 26 


"i Jenn Point C. It is evident immediately that P lies outside the triangle 


ABC, and that C is clockwise < 180° from B. The azimuth of A B i & 


- ‘eimmputed from Arap and Ayas. The azimuths of A Q and Q B are found — 
rom (8) — addition, 
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ences; and the subieatin of C P and P B are found by addition using Equations 


@) and (106). ‘The remainder of the. work i is identical with the foregoing for 


Nine Mile i 


—_ cot) « 


Nine Mile 


avi 163° 16” 40" gy = +6 485.30 


00’ 4973 | |] = +12 181.50 1 

sso° 00’ 40%3 |12 401.72 | || 


—0.5770316 


|} 
ore 37’ | 4 362. 13y| 09911617 


40211 2 


Ps If a fourth point D is observed as a check, compute the course P D by oe 
co-ordinate differences and compare the ¢ calculated angle from one of the 
other points with its observed value. It is assumed that P will be located by a 
the three points that give the strongest Siew: ot 
4 Fora given set of angles the | strength o of a fix is dependent on the relative - a 
7 ~ length of the line Q C in comparison with P A and P B, and decreases with a 9 ; 
- decrease in the relative length of Q C, the problem being indeterminate when ze 
QC, or PC, is zero. When P is on the circle through A, B, and C either Point is 
Bee or Point P is coincident with C. If Q and C are nearly coincident the fix is 4 
a weak. - On the other hand, if P is nearly coincident with C the fix will bestrong 
if Q is sufficiently distant from C tog give the required precision to the computed — 
qzimuth of Q strength i increasing also, of course, as the measured angles 
approach 90 


— al 
4 I iver : 
j. this manner using Equations (6) and (7). 
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to in the observed direction of PC. A‘ three-point fix 


4 reasonable angles observed f1 from a point close to Cc (the directions 0 of PA oe: 


mately) is a strong fix. Hence, the usual statement that P should never . 


close to the circle through A , B, and C needs qualification. 


Effect of Azimuth Correction Terms.- .—Because the azimuth correction terms 


either the Lambert or the transverse Mercator projection are different for 


i” - each direction observed, a geodetic or measured angle is not exactly represented © 
i by the difference between the corresponding grid azimuths. These correction — z 
4 ; terms are small and in most cases can be neglected entirely; but with long lines . Ey 


and high precision work in certain districts they “may be large enough to be we 
Since the te grid co-ordinates of the points must be known before 
_ azimuth correction terms can be computed, two methods of procedure to 4 
- include their effects are available: (a) A preliminary graphical solution may be 
3 made on a good map and the corrections computed from scaled quantities (the , 
_ measured angles are then corrected and a final analytical solution made di- a 
rectly); and (b) a preliminary analytical solution made ‘first, using the 
angles. In Method the corrections are computed from 


azimuth corrections in seconds of are are given by the formulas’ 


2 sin 1” 3 


_ in which the sub-one subscripte refer to the station at which the azimuth origi- ( 
ae nates and the sub-two subscripts refer to the station at which the azimuth 
% _ terminates. These corrections are to be applied to the grid azimuths with the _ 
signs as given. For an intersection computation the azimuths, a, originate — a 
at the fixed points where the cuts are made, whereas for a three-point computa- — 4 
tion they originate at the unknown point... Corrections must be 
Correction of an Intersection Station.— Using literal subscripts to 
x origin and terminus, the letter R denoting any reference point (for example, — * 
oe ear is the correction to the grid azimuth from A to R), the formula for an inter- + 


ond Angle R A P (grid) = Angle R A P (observed) + sesnsivsll 


ie Then the change in the asimuth of A P (which equals the change in the azimuth A § 
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f P A) due to the azimuth corrections at 


ij 


? 


a and, siding: the total differential with zp and yp variable, and substituting 

— <p = spat sin apa; — UP = Spa COS APA; and — ap)? + (va yp)? 


4 


to increments and dividing by sin 1” to the value of Aa from 


tp Aap,” = €ap. . (150 
tint Azp — in by p= — — Aapgr = €BR + €zP.. (15c) 
ioe always, the signs of the functions are in accordance with the co-ordinate 
2 system. Equations (156) and (15c) may be solved simultaneously for Azp and eS 
fer Ayr, the coefficients being based on the results of the ] preliminary solution and | 
. the values of the e ’s computed from Equation (11a) or (116) according to the 
projection in use. slide-rule may be used fortheentire work, 
we (oh Correction of a Three-Point Station. —At : a three-point station the eal: a 
. “bs corrections are all based on the unknown Point P as origin; so if the directions 
3 are measured from an extraneous initial no correction need be computed for 


initial since it will cancel out of thee equations. Corrections will be required 


# 


due to the corrections are, in seconds of a are, APas =e — 
APse = €pp — epc. Angle Pag = apg — apa, and applying Equation (14): 

_ whence, by a process similar to that used in deriving Equations (15b) and (15c): ait 
COSa@pa «COS apB -( sinapa __sin apg 

SPA sin 1 SPB sin 1” of spa sin 1” sin 


=: 
3 


cos apc \ ( sinapp sinapc 


sin 1 sin 1” spc sin 1” / 


— 
— 
— —_ 
= 
r 
a 
t 
— 4 
— 
— 
— 
— 
— 
— J 
is 
— 


pr? 


EY 


| 


he from Equation (11). Equations (17), solved simultaneously for Az ait Ay, % 


give the corrections to the preliminary co-ordinates of P due to the azimuth — 
corrections, a slide-rule being used throughout. 
writer is glad to a more extensive use of intersections and three- 


opi fixes in geodetic an are based on accurate tri- 


— 


be 


- 


angulation, provided that all er locations are checked independently as was : 
2 required i in the surveys described by the author. Used with discrimination and _ 
with a facile knowledge of the relations between form and strength of a tl a 
= they constitute a valuable means of locating the points whose positions are La 5 
required, quickly, and with considerable, if not with the highest, precision. __ 
‘They are thus particularly suited to cadastral, topographic, photogrammetric, 
ber non-urban property surveys. IO 
be The indirect methods of surveying, along with triangulation i in general and ou 
laos projection in particular, will acquire the legal and judicial sanction “o "en 
; Server to direct measurements and plane representation as they become more on 
generally known, both as to detail processes and as to the results. Mr. Berry’ 8 
paper is a valuable contribution toward the increase of this knowledge. pil 
oh CaRL M. Berry,” Assoc. M. Am. Soc. E. (by letter). —There i is little 


nme itself throughout the membership of the engineering fraternity. 
Indeed, the improvements to follow in title-transfer practise may well be 
5% ay as the logical corollaries of a controlled boundary s survey, the adoption 

ces of which among surveyors, title examiners, and the inestimable host of the — 
iaity who are to some degree affected by land titles and boundaries of real 


manifest, itself in the future as as progress—a Len which 


second-order and third-order by the program n out- 


ined in the paper, except for those surveying organizations best equipped - aa 
ersonnel and instruments,” | is well taken. . Although overemphasis of ‘this: P . 


4 
“use of control surveys, it is felt, nevertheless, that such retarded impetus would a 
preferable to the questionable results of ill-planned and executed projects 


3 


result. The long-range objectives involved in the use of ‘ 
modern: technique should not lose sight of the public-relations aspect of the 
Bigeneotll Kissam’s discussion might well be augmented by the appeal in ; 
his excellent paper,* ‘‘Proposed Improvements for Land Surveys and Title 
_ Transfers,” for surveyor and title examiner to combine in a joint effort to find 
_ Ways and means for employing those excellent tools already at hand (modem 
‘Survey ‘equipment, skill, procedure, and established State systems of plane 
¢0-ordinates) toward eliminating boundary difficulties. ‘His suggestion of the 
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serious by any organization work of this nature. The writer 
ae ully agrees that the advantages pointed out by Professor Kissam would result, ' a if 
_____-His further comment on the use of a note to indicate use of “grid” bearingson —_ 
a : the right-of-v -way parcel plat i is believed covered by the note, “Grid Bearings, 
Distances: and Coordinates Are Based on the North Washington System of 
% ‘a Plane Coordinates,’’ which obviously applies to the tabulated values in the i : 
“Reservoir Boundary,” as well as to the values along section and 1 subdivisional rey 
~ lines on the u upper part of the sheet. _Perhaps & clearer expression would result. pe 


angle is represented principally for the convenience of surveyors and title mel : 
examiners in plotting previous deed calls by metes and bounds which would | 
ordinarily follow “true” bearings. Plats of this type have met wide-spread 
fi favor among abstract and title companies, because of their scale representation a & 


shown on the plat are in terme of grid” values; the theta mapping 


of pareels and ownerships, and were generally used, in lieu of the usual lengthy — a: 


and cumbersome typewritten metes and bounds ‘descriptions, in negotiating the 
The writer has been identified with the U. S. Bonneville Power Adminis- 


tration engaged i in right-of-way acquisition for transmission lines in the States § §f 
of | Oregon and Washington, and has developed a plat embracing a square mile oe 
—one plat for each section of land invaded. Through use of a single master. Res 
tracing for each section, the individual ownerships, often numbering twenty a i 
or more to the plat, are represented by coloring each parcel, a device saving ae 
drafting room time and labor. the same time much of the attendant 
- possibility of errors in the preparation of the maps is removed. Although 
neither of these two States has yet adopted the Enabling Act, nevertheless it ag 
is felt that much groundwork has been laid toward its early introduction and a 
The computing methods suggested by Mr. Macleish indeed look to be 
= engagingly neat, concise, and ¢ easy to perform; certainly the forms require a Ea : 
a os minimum of written figures. As with all new designs, however, the writer ae 
would want to see an average group of computers utilize these forms for a Pe 
pee month or so before concluding that the Macleish forms were e definitely superior, -: 
_ the principal points of skepticism being (1) the recommendation to perform ae 
+ 8 maximum number of operations on the ‘machine without jotting down inter- a 4 
4 ‘mediate figures, an d (2) the necessity. for remembering “rules-of-thumb” 
a regarding signs of angles and choice of alternative ‘‘a” and “b” routes in the — +E 
E computations. Of course, most persons of ordinary ability and interest would — 
eu have no trouble remembering what criteria governed in the different stages of | 7 
: an =. the computations, but, as is frequently the case, not all members of the com- : er 
_-—s puting organization are of that caliber and for this reason it follows that what- 
be Bt ever forms are used should be freely labeled to be as self. -explanatory as possible. 
Forms should be designed so that the casual or occasional computer would ney 


ads take the short cuts anyway, whether the form calls for intermediate a 


results or not. of the most noticeable traits of is ‘going stale” 
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on the computing forms after having heen diverted to other drafting or com- 

2 - puting work for occasional periods of a few weeks or so. In such cases the 


presence of ample labels and “‘mile-posts”” in the computing is most 


From an administrative point of view, must be given fact 


that the majority of computers are recruited either from lists of applicants, 3 7 
aa often scantily qualified in both mathematics and calculating machine operation, = 
from chainman-rodman ranks during periods of inclement weather. ‘Thus, 
: computing forms should possess an essence of simplicity conducive to short 
training periods, and at the same time offer the necemary means of checking, — a. 
mechanically, as the solution is is being * ‘eranked through.” One of the worthy 
features of the Bureau of Reclamation three-point solution is its elimination of ae 
an inverse solution between the main scheme stations; often these values are _ a) 
not available from the geodetic red reduction, particularly in such cases as water 2 va 
towers, spires, and other points originally located by second-order as inter- — 
section stations. Although the possible use of the check-position cut was 
mentioned in the discussion of the three-point solution, and further laudably 
mentioned in in the discusser’s conclusions, the Macleish forms have not provided 
a for incorporating the ‘‘check- position” cut in each solution—a feature 1 which Tv. 
the writer ‘emphasizes as of utmost importance in any cadastral surveying — 
technique which departs from the conventional ground methods. 
fe: Aside from the matter of computing forms, Mr. Macleish questions s the jus- he: 
tification for using tenths of seconds. The writer’s decision to use tenths of ta 
- seconds throughout was made, not as an attempt t to imply a higher degree of Ri 
a accuracy than was actually. attained, but rather to ) unify all computation work — 
by removing from the computer’s mind unnecessary mental “traffic signals” — 
through t the several steps: of the computation. What ac actual justification there 
be for this. practise would doubtless be limited to the following: 
On long lines of observations and weak fixes or intersections, the 
observed directions might actually be accurate within 0.5 sec. In such cases 
% it seems quite worth while to compute the point with the use of tenths of . 
i seconds rather than round off the directions to the nearest whole second and iae 
_Tisk distorting ‘an angle from 0.5 to, say, 1.5 sec. . , then, it is worth while 
to compute an occasional point with tenths of seconds, it is logically economical _ 
Ps to compute all third-order work with tenths of seconds, for unless one is eons pe 


= of functions listed for every whole s second, the extra time required to = 


Interpolate the function of tenths of seconds on the machine i is negligibly greater 
_ than the time required to interpolate to whole seconds. » Moreover, computers _ a ; 
ie work most efficiently if they handle the same number of decimal places in — ee 


teconds, distances, ete., in in 1 all the operations throughout the day. example, 


= a foot it was disclosed that in the long run there was more time lost than § 
_ gained, because the computer had to stop to think that he must not put down ae x 

Be Mr. Macleish has commented regarding the requisite | of a ten- bank com- © 


& machine for the Bureau of Reclamation intersection 


| 
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GEODETIC AND CADASTRAL 


_ Although ‘this was never a matter of concern inasmuch as it seems to be the 


: - policy of the Bureau to purchase only ten-bank machines, the eight-bank — 


would be omitted in teeming Equation (1). the two equa- 
ch tions the X-value thus obtained d by dividing would then be, say, 55 948.40 to 
which would be added the figures previously dropped to obtain the true X 
co-ordinate, 2 655 948.40. The large cotangents of lines bearing approximately 
_ and south are no trouble because the rate of change of X is so small. oo , 
- these very nearly north-south lines one can almost estimate the X co-ordinate = 
before looking up the cotangent; to obtain the true X-value of the station the p 
‘ 5 d computer simply feeds the machine the customary number of significant figures, hs % 


machine, and the | accuracy y results i in the answer. . The only 


of large cotangents is that an inexperienced computer may compute the 


ie of the intersection station by substituting the X-value in the equation having — 

.- a the large cotangent. However, if he immediately checks his Y (as he always 
= _ should) by substituting X in the other of the pair of cqualionty he finds the — 
Pp 


= lines to offer accurate ¥ -values. Mr. Macleish has spe spent yer 
_— careful thought and analysis on the subject, and is to be complimented for the 


has heen giv ena ‘anethod. which has as its objective an economical 
i procedure fora controlled, , permanently marked, and recorded land- -acquisition 


¥ 
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BY C. C. Exper, anp Tuomas C. Apams. 


Lf the Colorado River and its tributaries in the upper basin above Leal 8 eens! 
Ariz. Descriptions are given on the topographic, industrial, and 


are ion pre 


built; other projects, to aid the livestock of the region by 
the irrigation of meadows and feed crops, are held to be ‘desirable; and, the 
large diversion projects conveying water outside the water-shed of the Colo- iz 
 rado River for irrigation, power, industrial, and municipal purposes are shown oa 
ae to be highly important in the general plan of upper-basin development. The rg 


‘tole: -power resources, the réle to be taken by power generation in water — a y 


development, and the relations between the use of water of the upper basin 
and the social, economic, and industrial growth of the basin and ere 2 
‘regions, are discussed. The paper includes an appendix containing data 


te irrigable areas of the upper basin and an analysis of the flow of the Celenndip:, 


bi he the signing of the Compact, which is believed particularly significant: as : ee 
it handles flow during the sms of lowest known 1 river flow. 7 aa Xe MA 


F Lee's Ferry ry is situated on the Colorado River of the West, te Arthas” 
immediately below the State tine between Utah and Arizona (see Fig. DTH 


Nore.—Presented at the meeting of the Irrigation Salt Utah, July 21, 1938, and 


— 
= 
IN HE UPPER BASI 
BY THomas C. ADaMs,* M. AM. 
int 
Torthe upper basin, alter agreements between the paves concerned are sauisned, a 
hat | han had b ici db 
is shown to be somewhat less than had been anticipated bysome. | 
3 | 
= 
= 


om drained by this river and is tributaries up stream from the old ferry site Be rit 
3 _ is known as the upper basin. It is an extensive e shallow basin “funnelling” ee 
its river outlet,’rimmed on the east by the crest of the Rocky Mountain 
EB Cordilleran | ‘and to the west by the somewhat lower crests of the Wasatch 4 
Mountains and those other mountains | and i high plateaus to the north and 
south. The basin comprises the highest area of so large proportions in - ean 
i 2 United States. It includes within its water-shed a varied topography of 3 
sae watered mountain heights, delightfully green mountain valleys and stream a 
canyons, flat mesas, barren deserts, and profound box canyons. _ Adjacent to 
2 sy, a4 the basin, and just over the mountain crests on both the east and the e west % 
sides, are areas somewhat | lower in elevation, having rich soil and more equable 


climate, and containing some of the most populous agricultural and industrial 
: ee Localities within | the upper basin and near-by : are noted for their mineral — 63 
ey > i's wealth, and the region will continue for a long time to produce large quantities — — 
a Be of non-ferrous and ferrous metals, coal, oil, natural gas, and a large variety of 
other ‘non-metallic and rare minerals. principal industries are “stock 
4 raising, farming, mining and treating minerals, and the distribution of com- _ 
4 Severn produced elsewhere. The upper basin of the Colorado River is e 


104 000 sq miles i in area and | lies partly i in each of the States of Utah, Colorado, 9 


mountain rims of the upper basin and other mountains lying within it 


: Bee, receive a high rate of precipitation and from this small part of its area flows” cae 
% ‘ae nearly 80% of i the entire water supply of the Colorado River I Basin, one | thir- Pi 4 
= teenth of the area of the United States. ‘These mountains support no farming 
or agriculture other than open grazing because of the extremely short growing 
Ss season. All other lands in the basin, with the exception of limited acreages— 
of “dry- farm” wheat fields, are deficient in rainfall and must be. irrigated 
: ee pore crops. Much of the area of the upper basin lies at the foot of rt 5 
mountains and is itself high i in elevation (more than 6 000 ft). ‘It comprises 
ms broad plains, valleys, and mesas, the gr growing season of which is short. x] Agri- 
5 culture i is limited largely to the raising of livestock and the irrigation of feed — 


crops. Lower parts of the upper basin, in southeastern Utah and adjacent 


parts of Colorado, have suffered deep erosion in recent geologic times and are 
ald a jumble of box canyons and desert mesas and plateaus which, in some places, 
are almost devoid of soil. Irrigated wreerving limited to favorably es 
rrigation development of the uy upper yper basin began. (William 
ef and his trappers-entered the Uinta Basin i in 1824) and has proceeded in the 
aye _ Manner typical of western irrigation. _ At the beginning small ditches were 


= 


constructed by individuals and associations of individuals. These were 
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RIVER 


: = — by larger ‘projects: built -operatively, by users 

= 

‘steadily, but in recent encountered the 

Bon? 4 _ need for more thorough planning of projected irrigation works, the necessity 

of dealing with projects: of larger scale and complication, of being satisfied 
- with serving land less ‘advantageously s situated with respect to the water 

z supplies, and using dams sites of higher unit cost . Furthermore, as time has 


e- progressed, there has come 8 1 realization that the few million acre-feet of water 
o? ron down the streams of the basin | are a vital economic mee th 


upc with that elsewhere i in the United States. Iti is small i in a a: 
a of it is consumed locally, and the remainder is mainly supplementary to 


national ag agriculture as represented by the livestock and the specialized ‘irri. 


Before 1922 a demand for the use of more water of the Colorado River in 
_ the lower basin and for the construction of a large dam and reservoir to se 
" this use and to provide flood protection for the irrigated valleys of the Colorado 
: Delta and electricity and water for Los Angeles, : Calif., led to hone 


- between representatives of all States of the basin which culminated i in ro 


December, 1928. Under the terms of the Act the Compact became effective 
tr as regards all States concerned, except Arizona (which refused to ratify the : 
of compact) i in | June, 1929, six months after the Act was signed. California was of 


required, by the Act, ‘to accept ‘the provision ‘that no more than hes 400000 =f 
acre- ft, plus one-half the surplus which might later be allotted to the 


basin use of 7 500 000 acre-ft of per yr but subjected this 
to an obligation which takes precedence; namely, that in any 10-yr period 
4 total of 75 000 000 acre- ft of water are to be permitted to flow fr from the upper 
basin past Lee’s Ferry gaging station for the benefit of the lower basin. E Fur 
_ ther provisions are that no water “which cannot reasonably be applied to 
< _ domestic and agricultural uses” is to be withheld in the upper basin an and that 
any water which may be granted to Mexico shall be supplied first from the 
surplus flow of the river in excess of the amounts allotted to the upper ind 
lower basins; or, in the event that this surplus is insufficient to meet the Mexi- 
= ieee _ can grant, the deficiency is to be supplied half from each of the upper and lower 


basin allotments. T he Compact is a comparatively simple document 


i ‘sets § ao of priority of : appropriation ¢ as s between 1 the u upper int 


— basins good faith by all parties, the Compact may well 


y one. It is an “equitable 
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“COLORADO — 
-Under Boulder Canyon Project Act no was ‘undertaken; nor was 
any immediate benefit in the nature of construction intended, to the upper a : 
= “basin, with the exception of a moderate appropriation for studies of proposed 


developments. throughout the entire basin. Act set aside receipts from 


of all costs of these is completed, in a fund which presumably would be 

voted, at the direction of to further construction in the basin and 

the construction of the storage reservoir 

a 

River water in the lower basin would proves further develop- 


ig 
APPRAISAL or Past EXPERIENCE 


wi 4 Sixteen years have now (1939) elapsed since the signing of the Compact ag 
and ten years since the | passage of the Boulder Canyon Project Act; and itis. 


_~ most severe drought period known has occurred, from which recovery ae 


i being made. only during | the present year. A rev review of the discharge of the 
oe Colorado River at Lee’s Ferry since 1922 discloses an average measured dis- | 
oa: charge. of 12 750 000 acre-ft per yr. To this may be added an average esti- 
ei mated upper-basin depletion of 2 180 000 acre-ft per yr, totaling 14 930 000 Pag 


Roy sy ft per yr, whieh is an amount on the average for the seventeen years, = 


000 ‘acre-ft, per yr ‘to each of the two divisions of the river basin. These 
ee values may be compared with an average, all-time, reconstructed flow of about 7 a 
eo 17000 000 acre-ft per yr believed to be the yield of the river system above 1 
oe Lee’ s Ferry when the Compact was drawn. The low average discharge since ee a 
(1922 would have the effect of reducing the all-time average to date by a small ae a 
amount. For the last ten years of record (1929-1939), the values correspond- 
ing to those given are 11 720000, 2110000, and 13 830 000 acre-ft per yr, a? 
_ Tespectively. To obtain the total quantity of water available for use from the ie 
Colorado River and its tributaries in both the upper and lower basins, after 
2 the terms of the Compact are applied, adjustments for gains and losses in the be 


river er must be made and a ta taken for water granted to 


ae ¢ ae title to water there established by treaty need be recognized and no treaty 
_ exists. The present use of water ‘from ¢ the Colorado River in Mexico is sabout 


000 acre-ft p per yr. dni dy we (a) chasolo 
A farther study of the Lee’s Ferry discharge shows that at the end of the 


umula tive amounts (hich the ‘Compact specifies must be not less than x oe: 


d the proportions re requiring 7 7 500 


a 

‘ay 
as 
— — 
of importance to upper-basin development to know what light and 
| __ intervening years have brought to the terms and intentions of these notable _ a 
documents. Since 1922 many more discharge measurements of the Colorado 
a 
| 
bay 

— 

75000 
the upper basin had reache 


RIVER 


yr cumulative will increase to perhaps the end of the water 3 year 

id of 1939 when it will possibly be 10 000 000 acre-ft. It is not likely that this 4 

amount would again reach the 75 000 000 limit until well into the 1940's, 
hy barring continuously and phenomenally high discharge of the river. a 


os Other studies of discharge show that i in the ten years ee passed an wee Se 


Table 2 in the . Appendix). ~ Considerable storage , would be required on ‘upper 
_ tributaries of the river to equalize this average flow, throughout the 10-yr_ x 
g ‘period, in 8 manner acceptable for upper- -basin use. _ Water available to the — 

_ upper basin under the conditions : specified could be increased appreciably i if be 
4 large carry-over storage on the tributaries or the main river in the upper basin 


was available to assist in supplying 10-yr cumulative demands of the lower’ 


These studies also show that an av average of 67 700 00 000 acre-ft per — r durin 

the ten years, 1929-1939, would be available from direct stream flow at the out- 5 

. let of Hoover Dam under the foregoing conditions (see Column (14), Table 2). ae 
_- equalization of this flow could take place i in Lake Mead. This flow, plu 


: . bilo obliged to share in an allowance of water to Mexico (see Column (12), 


2. 


depletion of Lake Mead governed by the presumption that all requirements 
‘ ‘of the lower river will be met by a discharge of 7.5 million acre-ft per yr of 
water from Hoover Dam. The result is a maximum 


one-half of any water granted to Mexico. A study has been made of the 


Contraction 268 in the lower basin,” provided for by the Boulder 


; --Canyén Project Act, has progressed rapidly and major items are (in 1989) 
substantially completed. Other, smaller, related projects have been author-— 
_ ized for the lower basin. The following has particular importance: Projects” pasa 
or divisions of projects in the lower ‘basin which will draw their water supply e =a 
from the m main Colorado River are those (a) which are now << fully planned; ; 


construction has begun | or is about to begin. 90% developed: they 

require (together with projects at present (1939) operating) an annual 

: —— of water fully equal to os average available during the ten years, Jal 


— 
ich amount would be appro- 
— 
ace of large, long-carry-over 
ent stream discharge. Fur- 
7 thermore, even if the discharge of the river increases and remains above 
q Stream flow had the upper basin been using all available to 1t under the Com- =f 
— 
e 
a 
4 
| 
a 
— 
Records are insufficient to show how frequently drought periods such #8 
one of the ten years, 1929-1939, will be repeated. Indications are that 
— four droughts of considerable | itv have j in the past 
— 
— 


7 


herein at 6 200 000 acre- ft per yr, requiring the delivery at Hoover Dam of 4 
Pass 000 acre-ft per yr with the average direct stream flow available at the i 
outlet of the dam of 6 700 000 acre-ft per yr. If this demand is increased and 

particularly if it is burdened further with an additional ‘grant of water for oe 
a Mexican lands, Lake Mead will be seriously depleted in a series of drought a 
RY = years such as those through which the United States has just passed and under ‘ 
conditions of river development which have been assumed. 
However, a number of years will elapse before the lower-basin. 
‘a will need their full quantity of water. This time has been advanced due to — 
conditions growing out of the years of depression through which the nation has e 


been passing and by failure to realize earlier anticipation. = 


j 


7 4 
a, _ The consequences upon future use of water in the upper basin of the : 4 


_ Compact, Boulder Dam Act, deficient stream flow, and accomplished and i 

planned construction on the river may be briefly summarized as follows: (1) 
Early estimates of surplus, unallotted water are shown to be in error; (2) 
iM _ increase in the use of water above that planned, and for which construction of 
works has begun in the lower basin, will require the appropriation of water 
ae which it has been presumed has been reserved for upper-basin use; (3) the small, 

ne? future, financial aid that upper-basin development expected to receive reer 
f payments made to the Boulder Dam Fund by users of power and water is of 
a doubtful | maturity; (4) large storage volume upon the upper earegore~ will be 


e number of years large quantities of surplus water will flow into or through 
‘. Mexico and will be available in ) part for use there with the possibility (according — 
- to the views of some) that use there will follow and finally that rights will be . 
granted by treaty, with ultimate detriment to the upper basin and 
. ment with Mexico should be made, if possible, protecting t the water for United re 4 
i, States use; o or, failing ‘this, a for regulating the river should be adopted 
a 4 which will make > further irrigation development i in Mexico impossible through “ z 
the resulting ri last may require the construction. of 
river regimen. y req 


ditional reservoirs or, ,asa temporary the curtailment of some power 


‘About 1 500 000 a acres of are now (1939) irrigated in the basin 


ia of the Colorado River. _ -Itis is believed that this land consumes about 1.5 acre-ft 
siper acre of. water in years of. plentiful water supply, or a total of 2250000 © 
4 acte-ft. About 130 000 additional acre-ft have been diverted each normal year 
from the basin. a. Estimates of the additional area which, eventually, can be 
a irrigated have been made and total about 2 500 000 acres; but these estimates — 
open to question, an and studies are in progress, principally by the wUz 
Bureau of Reclamation, | to define, more accurately, the arable, and perhaps 
-irrigable, The results of recent surveys for the area 
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an 
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(exeluding th 
of the and Rivers) have been made public and 


- will be Tndicated f for other subdivisions of the e upper basin; but even these 
recent, more careful, surv eys do not vouch for the general ec economy and fae 
‘ bility of irrigating all the arable area which they disclose, nor for the adequacy _ 
i of the water supply available to each area a. Therefore, it remains uncertain eg 


how much of the 2 500 000 acres of upper- -basin land, reported earlier as suitable om 


By definition, the Colorado River Compact makes any area supplied ¥ with a 
= _ water from the river or its tributaries a part of the: river basin even if it may lie q / 


_ outside of States of the basin). The ‘makers of the Compact fully | ie 
tended that water of the river system should be used either within or without _ 

; =a basin as desirability later dictated. _ How ever, diversion of water from the a 

upper basin for use on adjoining : areas is now assuming an importance greater 


Jesson to those whose “engineering vision is: restricted. few years ago, this 
diversion (which | will cost $44 000 000) was s seriously considered only by a few 
of the most engineers. Others deemed the possibility of the 


due to the presence ¢ of highly developed agricultural, urban, and industrial : 
_ areas just outside the basin which, although separated by mountain rims from — es 
‘~~ = the basin, are lower i in | elevation than much of the basin area. . Hence, es 
ic, have longer growing seasons and also possess s abundant, highly productive soils, or 
opportunities for the consumption of large quantities of electric power, and 

in general offer situations in which water supply has. the beet, 
‘stimulate an advanced economic and social development. = = = 4 
_ On the east side of the upper basin, in Colorado, twelve trans-mountain 
wd diversions have been operated for a number of years. — | The most important “6 
7 ‘these is the Grand River Ditch | crossing the continental divide west of Ft. ee 
Colo. one is a tunnel, the Busk- Ivanhoe, west of Leadville, 


rh 


Povla@it 


‘ ., and can divert 80 000 acre-ft per yr. ‘The Jones Pass tunnel diversion, 
at the head of Clear Creek west of ae Springs, Colo., for the City of Denver o. a 
 hasa capacity of 20 000 acre-ft per yr. This water is ‘used to boost the low- my 


"water discharge of the South Platte River in the vicinity of Denver to avoid ae 
“excessive Works, of this stream the effluent from the Denver Sewage 


operation in 1937. structure is for the benefit of the City of Denver, 


basin of 290 000 acres. The recent survey gives the arable land in this same 
basin as 122 830 acres, less than half of the 290 000 acres (see comment 
3, in the Appendix). It is said, however, that the 122 830-acre estimate I 
lm 
— 
— 
— 
— 
— 
| 
— | 
3 witha highway. lhese diversions are said to have a normal aggregate cay 
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‘COLORADO RIVER 
Pay to increase the | anid of the river, 
municipal supply. A notable tunnel trans-mountain diversion, constructed 3 
i is the Independence Pass (or Twin Lakes) which brings 48 000 acre- ft 
per yr into the head-waters of Arkansas River southwest of Leadville. The +a 
a most pretentious diversion project that has reached the construction stage is x 
cs aforementioned Big Thompson project. It has many features and will ; 


divert 300 000 acre-ft of water beneath Rocky Mountain National Park for L 
wide-spread benefit of the irrigated area of north-central Colorado. . 
obtained from the f alling water on the east side of of the n mountains i is an nimportant 
factor in the usefulness of the project. ot Wo « weisaint 

_ Besides the trans-mountain diversions which have been noted, more than . 

x ‘17 others situated throughout the length of the crest of the Rocky Mountains a 

= Colorado and dipping into New Mexico have been studied. Several studies 

home included field surveys and hydrography. Some of the projects are large. 


ocmew have been n operated for several. years. | Mash: more important than 
the others is the Strawberry Tunnel which transports about 50 000 to 70 000 
acre-ft per yr into the Utah Valley. 1938, two, 1-mile diversion tunnels 
2 were re built east of Spring City and Mount Pleasant, Utah, to transport 4 000 A 
each into the San Pitch Valley. These supersede two of the small 
ee earlier diversions. The Deer Creek project includes, as one of its features, a “a sy 
 §.5-mile tunnel to divert 32 000 acre-ft from the Duchesne River to the head q 
a the Provo River, 35 miles east of Park City, Utah. More than eight other a 
o projects for diverting water from the upper basin to valleys lying to the = fle. 
iF - have been ‘studied. In one of the most important of these it is planned to Bee 


Pics River, Wyoming. Investigations of two alternate plans including field surveys 

fs have been made by Mr. Ralf R. Woolley of the U. 8S. Geological Survey. A =a _ 

: big project of even greater magnitude has been studied by Mr. Kenneth Borg. be yj 

; E _ This project would transport water from the Green River south of the Uinta ae 
- Mountains and deliver it for use in the Salt Lake and adjacent valleys. rer 


a It is likely that development within the water-shed of the upper basin will = 


ieee in the form of a number of projects of moderate or small size. es 
bi considerable number of these have been given n study. "Localities e exist within 
‘ee the upper basin where special crops and fruits grow luxuriantly. The ml alee 


code situated close to mountain and high plateau livestock ranges, support a 
* a productive livestock industry. It is said about half the feed for livestock in “on? 
these areas comes from the ranges and half from cultivated fields. 
great skill who have spent. their lives i in this occupation. hen properly 
‘Organized and managed, individual units may be very profitable; and extension ea 
fi irrigation for the benefit of this industry, even at a cost that seemssomewhat 
out of proportion to the low current | prices for hay crops, is justified. Since oe. ‘ E 
a 1986 the open range a been under close regulation ; its use | has been eed uk 
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«Ae divert water irom the Green Kiver noren of the Uinta Mountains to the beat = 
| 
____and command a premium for it on national markets. Localities of this nature 
— 
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3 1854 COLORADO RIVER 
and permissive in order to pr preserve its feeding capacity. . Furthermore, 
use of the range has been made conditional upon the possession of commengur- 
able property from which feed may be produced to supplement, to an extent . 
- more than required by natural conditions heretofore, the feed produced by the ie 
Tange. In ‘this manner additional land for the of 


_ 50 000 installed horsepower; and nearly all of it is along the Upper j 
a - Colorado River in the State of Colorado where power-plants are within trans- _ 
. mission distance of the Denver area. It is estimated that the upper basincan _ 
_ produce 2 000 000 primary horsepower with a regulated stream flow. bs Power 4g 
sites on the Green River and main’ channel of the Colorado River, in their = 
- courses between Green River, Wyoming, and Lee’s Ferry, are capable of pro- es 
ducing the bulk of this output. Several gigantic dams would be required and 
ae. the power would necessarily be made available in large blocks, with large initial 4 
— being required. The power that can be developed will be lessened © 
by future up-stream depletion due to irrigation development and the diversion Be 
of water from the basin. Proposals to place long reaches of the river and ad-— s 
g _ joining lands in national parks constitute a threat to the development for s 
ss: power and perhaps other purposes of the Green and Colorado rivers, in Utah, 
The necessity, or desirability, of making park reservations of these lands 1 msy hed 
a be seriously questioned. Although they constitute scenic features of great 
ae. _ importance and magnitude, and although | money should be spent to provide ie 
a. "means of access and travel, the natural scenery is not of a nature that it can ns es 
‘be marred appreciably by such unrestricted human habitation and use as it is 
_ likely to undergo. Rather the few ranches, Lo reins Ret and nomad Indians 
who inhabit the country, add much to its picturesqueness. Dams and conduits 
+ = may be built will be only tiny spots in a vast wilderness of canyons and ne 


us 


= 
plateaus, largely of bare sandstone and shale. The few individual 


hand” of park reservation over the entire area. 


» 


_ Conditions which will justify the development of the large power sites are a 


ty. 


_ unforeseen at present. Two possibilities are the construction of major dams — 


river control with the generation of power as a by-product, for sale at 


price so low F y, industries in which the cost of power See 


bulks large; or an technological favorable to the 4 


development of power in this region. 
193 ‘This paper shows the development of the Colorado River in the upper 
_ basin to be varied and complex. Units in ‘this development may be approxi- a ‘ 
= grouped into: (1) Normal irrigation enterprises for assorted = e 

products; (2) irrigation of lands 8 to produce livestock feed a nd meadow; and ar 

the diversion projects. This classification is mainly an economic one. 

Many of the undertakings for using water in recent years (and, most likely, 

oe many of those to be undertaken in the future) will furnish additional water to 
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“unreliable, or having a canal system extended lands for which 
x adequate supply of water is available; and under these conditions a supple-_ 
ae ae mentary supply of water is needed. In general, projects for supplying vile \ 
. mentary water where this is needed are regarded as particularly desirable 


 guilPhe proposed large diversions from the basin are especially complex nd 


as: Collecting works; dams for diversion; storage r reservoirs (for 
© water diverted, (b) water to supply deficiencies in lower reaches of the stream _ 
- from which the diversion i is made, and (c) to redistribute water near the points 
a use); pumping plants; electric generating stations; transmission lines; long 
tunnels; and, the more usual conduits and water control structures. The ee 
_ variety of purposes : served by these projects i includes 8 irrigation supply, waterfor 
industrial and varied municipal purposes, improvement of recreational features, 
and the generation of power. With some projects should be included the © 
| dadieaet of drainage, protection of land from torrential | floods, and recovery of . 
seepage, ‘waste and return flow from low : streams, drains or lakes. Some may 
serve the supplemental purpose of transporting power in the form of flowing ae 


closer to markets and where greater power, by virtue of higher head, can be 


oa - water at a high elevation to a point where the e generation of electricity can occur @ 


“a ee: It is an accepted fact that power generation is to play a an important réle | ‘sg 
Pe ee water development in the West. This is true in the upper basin of the 
Ne Colorado River both for the projects within the basin and for the large diver- 
gions from the basin. | Power generating stations; transmission lines, and 
pumps, free the energy gradient of the combined stream from many ‘topo 
a graphic limitations which would have to be met if water conduits alone were 
used. Increased efficiencies of electrical and hydraulic equipment n now avail-— 
bys and their lower cost and greater reliability— —all coupled with the fact that | i 
a pone system created as a part of water development and built primarily 


or the service requirements of ‘systems built for other purposes—increase the a 
a usefulness of such power adjuncts to water projects. Then too some water 
cote _ development projects provide surplus power to sell at a profit to pay part o of Vas 
the cost of water development construction. _ However, if this is to continue — 
Ss Ba be an effective method of financing water projects, those interested in or 


conviction is held | by many that the water of the Colorado River 
in the upper basin should be used i in ways: and places that will, most 


~ 


— projects already or some operating projects stored water is 
needed for late-season use when stream flow is normally low. Other operating 
projects exhibit the habits, not uncommonly displayed by western irrigation — 
ae 
| 
| 
| 
= 
| 
af 
.—l 
3 
Pie | 


resources of 
will come not for residents of the 
and adjoining areas but for all areas within trading distance. This area may s 
7 be indefinite in extent but it includes, more especially, the Pacific Coast mgs 
the Great Plains States. Communities dependent upon agriculture, supple- 
= mented by other industrial production, appear to have a more promising future € 


in the inter-mountain west than communities dependent. upon agriculture 


_ alone. This general thesis is further justification for the use of available water 

ua _ supplies to expand communities already established and experiencing healthy — nf 
growth as a result of a combination of good agricultural conditions surrounding . 
them, favorable position as trade centers, and possession of resources and 

. ___ facilities for other forms of industrial development. It is also a further jut 
__ fieation for the great exportations of water from the basin which are being 

a undertaken and proposed, and for the relatively high cost of these projects and 
2 the initial financial subsidization they need. = 


The general of the of the Colorado River and 


to drastic modification | as new conditions aanlee and new information 3 
past results are readily accessible in Water Supply Papers 
of the U. S. Geological Survey and various reports prepared by the U. S. 

ee Bureau of Reclamation and agencies of the States concerned. There remains, au 
ae. as distinct from general planning, a vast mass of engineering planning, of . : 
Ef . "detailed nature: (a) to unravel the hydrographic and other engineering com- > 
-_ plexities of individual projects; (6) to devise better and more economical — 
combinations of their features; and (c) in short, by engineering ingenuity, to thd 
_ bring individual projects within the limits of an assured feasibility. The U.S. i 
oe _ Bureau of Reclamation is undertaking a part of this heavy burden, successfully, ine 
and id representatives of States and areas which are to participate in the benefits St: : 
a assume another part of it both to bring more resources to the maneigl 
and to insure realisation ¢ of the opportunities which are within their grasp. 
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FROM THE Main Cororapo River, Dow 


Colorado Indian Reservation 
2 | Colorado River, Los Angeles Aqueduct... dite 
Developed 
By total development 
ay First unit, east of Yuma, 
Completed project 
Yuma Project 
Imperial and Coachella valle 


Hoover Dam losses 

Net river losses below Hoover Dam. 

Sluicing and incidental loss at, and below, ‘Imperial ‘Dam. 
Power and irrigation losses, Lee’ s Ferry to Hoover a 
Gain, Lee’s Ferry to Hoover Dam: ws 


Maximum 


—In the preparation of values 


a of water. But i in all cases the figures adopted : are intended t to ie 

Conservative i in not overstating the quantities. saul | 4 ‘ot 

ays _ Those familiar with Colorado River agreements may note some discrep- 

ancies between stated | f future demands for water and certain n stipulations that 

4 _ The following notes refer to corresponding items and column numbers in 


ransmission osses that will be incurred 


— COLORADO RIVER ss 1357 
| 
| 
§ main channel of the Colorado River, below Lee's Ferry. ated 
ve r na. ¥ 
—_— 
.... | 100000 1 329.900 
0| 450000} 80000} 325 000 
> |3 000 000 |1 000000/40000000 
f estimated future demand for 
e case of irrigation projects, 
_ indications afforded by physical features of the area served and of the 
eonstruetion completed, under way, or authorized. Thus constructed canal > 
= 
pal 
Mexico and does not include the 
= 
— 


@OLORADO RIVER 


Pi i ne and is likely to be developed by the present canal system. The larger _ 
= anvee includes good land on the mesa to the west - the Palo Verde ag te 


"Gila Project east of It is reasonable to suppose that, when com 

a pleted, this unit will be developed to a moderate degree within a few years 
Beas entire Gila Project includes about 500 | 000 acres ‘maximum; but other Pi 

proposals have been made for the irrigation of the lands of the Gila River 


Item 6 is perhaps the greatest aggregate acreage of these proposals. ae 


‘Item 7, Column (3).—This is the quantity of water diverted for 


and excludes water diverted for power and other uses. 


Discussion of Column (5), Table 
1, 


per acre. Return, flow from the Indian Reservation will re-enter the Colorado cas a 
tes for use below. A contract has recently been let for the diversion dam _ cs. 
this project. 
Item 2. —The of the Colorado River aqueduct is to be 1 640 cu ft 
per sec or 1 180 000 acre-ft per yr but it is intended to operate at 1 500 cu od = . 
per sec or 1 090 000 acre-ft per yr. The date for the attainment of full opera- ca ; 
tion was set by earlier forecasts at about 1970. 


4. —This estimate is based upon 90% of 75.0 000 acres at 3. 0 acre-ft 


ab ee pa Item 6.—This estimate is based upon 90% of 100 000 ‘acres + 4.5 acre- 
oper acre. It is to be noted that this acreage is less than two-thirds the acreage 
announced for the first unit of the Gila Project. Also return flow from this — 
_ project will not be available, without pumping, to any United States irrigation 
tas Item 7.—This estimate is based upon 90% of 80000 acres at 4.5 acre-ft a 
per acre. Return flow from this project will be available only for use in Mexico. a 


in a a portion of the canal system. The present indicated us use of water 

on this project is considerably greater per irrigated acre than the basis of 
stimates appearing in the foregoing table and this is true of the use of water 
on other irrigation projects diverting from the lower Colorado River. pide a vil 

_ Item 8.—This estimate is based upon 90% of 1.000 000 acres at 4.5 acre- -ft 3 

ia Pad acre. The canal considered is the All-American Canal which will supply — 

water to the present Imperial Valley, to this within the 


Column 6. —This estimate is based on 90 000 acres at 3. 0 acre- ft oe 


» “ik 


cO0hrough éthe continuation after water for 
4 
Ct 

Dasin Arizona irom the Colorado filver and the large estimate given Dy 
— 
— 
— 
| 
4 
1s tO be noted that the amount of water estimated for this project is less than 
_the amount now being used on the project as indicated by the diversions made 
— 
— 
— 
— 


the East and West ‘Mea adj ning, the Coachella 
Valley, and possibly to San Diego, Calif., and vicinity, and other areas. 
: capacity of this canal (beyond Pilot Knob) i is 10 000 cu ft per sec or 7 300 000 
—— sere-ft per yr; 4000 000 acre-ft are 55% of the canal capacity. Considering aot 


ee canal pe to be 11% greater than the discharge (average) of the maximum es 


reservoir has been considerably silted and somewhat 
in area. No doubt, the present evaporation is larger than this amount and 
ca there i is some possibility that it is larger than is generally believed and will be 

‘4 larger in the eT bass the amount stated (for n more information see Column 


4 Item 12. Ties is mainly evaporation from the river waste adjacent flood 


plain, and Parker Reservoir to which is is added stream \ inflow between th the =e , 
- et considered. _ The latter is not great and the result is a rather large net loss as iss 
- indicated. — - This net loss has been estimated as much as 200 000 acre-ft per — bee 
yr greater | than is given herein and considerably higher when other 
Item 13.—It is expected that some loss of water from the Colorado River _ 
tothe Guif of California cannot be avoided. is also considered by some that 
sluicing down the river of silt removed from All-American Canal water at 
Imperial Dam will require considerable water. Official estimates of water for ; 
_ incidental losses and sluicing are about twice the value stated i in Table 1. par. 
Item —This amount includes ‘allowance for evaporation from reservoirs 


important tributaries are the Little Colorado and the Virgin ri rivers. Official — 
- Item 15.—The gain from Lee’s Ferry to Hoover Dam Outlet includes ¢ the ¥ 
; ; of the Little Colorado River, the Virgin River, and numerous smaller ‘ 
"streams and springs. Evaporation from the river must be deducted and this 
be from 50 000 to 100 000 acre-ft ‘per: yr. The net annual average gain 
3 has been variously estimated between the two values given. For reasons ex- 
plained Column ( (10), Table 2, the writer’ s estimate is the low 
| OF Between Urrer AND LowER Basins 
. Table 2% should not be interpreted as indicating how the water of the ‘ 
- Colorado River will be distributed when development has reached a maximum, mum, 
and during a dry period. Rather it is intended to show what restrictions the _ B 
Colorado River + Compact places upon the distribution o of the water under these ie 


Se, 3 *The =. data for this estimate are from the Debler 1 S. Bureau of Reélamation) Report of 1934. 
An to Table 2 is included as Table 4 in the closing discussion. 


— 
— 
| charging capacity is nearly 0.60 for the Imperial Canal and Yuma Main Canal ae ca = 
4 (imation use only ) within recent wl iw body 
11.—This item is mainly evaporation. The value stated has been 
5 
= 
2 
— 
— 
| between the H D d Lee’s F d for irrigation devel fon te 
between the Hoover Dam and Lee’s Ferry and for irrigation development on 
a 
| 
— 
— 
— 
— 
| 
— 
| 
a 
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‘The table was for water. years. 1922 to 1937 include the 
a ey dry period from 1931 to 1934 with sufficient years before and after to be indica- 
tive. _ There seemed to be no harm in setting forth presumptive data for later 
i years to indicate what results would follow and the table has been extended ~ef 
= _ include these and derivations from them. — It must | be kept i in mind, however, 
at all data for 1938 and following years are imaginary. Also it should 
_ noted that the discharges assumed for 1938 and following years are high com. 
pared with the averages for periods ‘ti is almost trite to state that if 
these discharges are as high as estimated, the conditions contemplated by the — 
_ Colorado River Compact would be more quickly restored and less alarm would — ‘a | 
e warranted over shortages which would occur ‘during ‘such a dry period as 2 
nter hee anything, Table 2 is slightly biased in in favor 
ofa larger usable water ply | than will be realized from the flow of the river. 


under conditions of the years considered. Explanations of the 4 
TAB LE 2.—DIscHARGE OF THE Cotorapo River at F 


ine iw? Lower Basins aS REQUIRED BY THE CoLorapo 


hid 


| 


role’ (All Values in Millions of Acre-Feet p per Year) 


All values below line (for 1938 and following years) imaginary. 


In 


Measured 
millions of acre-feet 


jer year 


~ 


POAAHOAAP NMS 


Ten-year cumulative 
discharges 


Actual 


~ 
w 

ox 


140.8 
139.7 
133.3 
125.2 
123.9 
121.8 
117.2 


NONE 


3 
4 Zz 


Theoretical 


G 


Columns (2) and (4), 
Column (5) 


Future 
minus 


a 


4 


ear cumulative _ 
year cumulative 
> values from Column 


y' 
values from Column (6) 


Bright Angel, Ariz. 


Measured discharge at 


|= Ten- 


a 
3 


DOO. 


(8) 


= 


ge at Lee's 


Ferry based on conditions 


pe 


(2) 


mn 


a: 


Water available for 


Annual estimated 
consumptive use 


minus Colu 
deficiencies 


= Column (8) 


~ 
N 


APN 
AN 


-3:7 


1 


pp’ 


Annual dischar; 
affecting Column (12) 
Annual water su 

Lower Colorado River 


3 


~ 


> 


DUO 


Departuresfrom 


Eas 


on 


4 


++ 


oom 


cumulative sums 


f Column (14) 


= 


| 


Cumulative depleti 
Lake Mead — 


a 


‘ 


= 


il 
a 
| 
|. : 
— = 
ANNUAL 

— 1929 | 12 | 
4980 
— 129.3 
| 14.0 |115.9]2.2|7.2] 9.0 | 68.4 | 14.5] 119.6] 0.5 | -1.1 | 3.5 | 12.7| 124 
1989 | 15.0 | 111-7] 2:3) 9.8 | 65.1 | 15.5 | 115.7] 0.5 | -33 | 64 | 109 | 10.6 
— 1940% | 15.0)....| .. | .. 10.0 | 66.9 | 15.5] ....|....] .-.. | 42 | 18.8 | 13.0 
— = 


is “he Column (1) _—The water year beginning October 1 of the previous year and 2 


30 of the year given. All data are for water years. rd, 


-Lee’s Ferry. The pet for ‘the year in is sadded with the 


#9 Column (4).—Estimated annual depletion of the Colorado River above 
* Lee’s Ferry due to all present uses and diversions. To and including the year 
; 1934, the > depletions given were obtained from the Debler Report? on the water Rs 
resources of the Lower Colorado River. This is the most complete 
authoritative source of information. The writer has extended these eatimates 
for 1935, 1936, and 1937 using the formula employed by the Bureau of Reclama- u Ly 
‘tion. The Debler Report gives values for calendar years but it is believ ved - a 
are applicable without appreciable error to water years. 
Column (5).—Estimated annual depletion in the upper basin of the Colorado oe, 
ee if development had proceeded to the limit imposed by an average use _ 
of 7500000 acre-ft per yr. Values for 1934 and earlier were obtained from | 
Debler "Report. * Those for 1935, 1936, 1937 were estimated by the 


ted that in 


Column (6).— discharge remaining at Lee’s Ferry after 7 
7 the values of Column (5) from the sums of the values of Columns (2) and (4). 
_ These latter sums are the total yield of the Colorado River and tributaries — e 
above Lee’s Ferry. The items of Column (6) are amounts which would be ae” 
- available at Lee’s Ferry to the lower basin had “full” upper-basin dev St 
ay existed during the time covered by the table, and without consideration for 
i the provision of the Compact which required 75 000 000 acre-ft to flow past 

Lee’s Ferry in any 10-yr period. dtodd % ly 6), 
Column (7) —Ten-year cumulative s sums of values of Column (6). It is 

_ these values that the Compact requires shall not be less than 75 000 000 acre-ft. A ce. 
Note that the values are less than the required 75 000 000 acre-ft for 1936 . 
and 1937 and are likely to be less in succeeding years until 1943. - The informa- 

ton in this column indicates that development in the upper basin cannot be 

~ based reliably upon an average consumption of 7 500 000 acre-f ft of water per fe 
throughout a series of dry years but must be based upon some less amount; 

_ and that there is no surplus water available from the Colorado River over and 


above the allotments made by the Compact | to the upper and lower basins. 


Column (8) —Measured discharge of the Colorado River at Bright Angel, 


d Ariz, ‘Bright Angel i is between Lee’ and the Hoover Dam and 
es the principal 


Pr Column (10).— Differences between measured annual discharges at Lee’ x 


and Angel. The net gain i in the Colorado Riv er een Lee’ 


— 
— 
— 
i 
4 
| 
| 
— 
a 
— 
— 
— 
| 
 § 
} 
a 
a 
| 
— 
| 
— 
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J 


a has been taken n numerically equal to these differences in later ¢ computations, ; 
i The smallness of the gain according to this assumption is somewhat sur- __ 
prising as there i is large drainage area between the points con- 


into Lake Mead, and measurements by E. C. LaRue, M. Am. Soe. C. E., during © 
August and d September, 1923, disclose streams discharging an aggregate of — 
a 272.3. cu ft p per sec into the Colorado River between Bright Angel and Black — 
et q Canyon. Furthermore, a comparison of river discharge measurements made 
at Black Canyon and | Bright Angel i in 1932, 1933, and 1934s shows net river gains: 
between these points of 200 000 to 400 000 acre-ft per yr. These 5 years im- 
precede the impounding of waterin Lake Mead. 
at However, comparisons: of the of ‘the Colorado ‘River at Bright 


= 


3 


Dam, and accumulated visible storage ii in Laks Mead since the impounding of 
_ water began and during the period while the reservoir has been filling, show a 
remaining apparent loss of. water after making a generous allowance for 


re yr -Aclose: study see seems to indicate that: There is a a very y satisf actory aaa ’ 
in the data which shows that discharge measurements are to be relied uponas 
bat sufficiently accurate; there may be bank storage or seepage greater than a 
estimated (10 ft of depth for the water area); there is a likelihood that the te 
’ aauan and area of the reservoir are greater for a given stage than has been o 
o. stated heretofore; there is also a likelihood that evaporation is greater than 
‘A estimated (6 ft of depth per yr) both because | unit evaporation i is greater and ee 
4 the area of the reservoir is greater; and, the apparent excess loss has ranged . 
from 200 000 acre-ft in 1936 to 800 000 acre-ft in 1938. _ Inasmuch as partof 
= B this apparent loss is likely to prove to be an actual loss (evaporation a nd seepage 
other than bank storage)—perhaps of the order of the discharge of the Virgin — 
$ ‘River into Lake Mead (which is measured and was credited in the computa- 
tions)—the net gain between Bright Angel and the outlet of Hoover Dam will | 
~ continue to appear to be zero if the evaporation from Lake Mead is considered 
the same as before (at normal stages 500 000 acre-ft t per id when the reservoir 


area is somewhat decreased by silting). 


—4 


oon 


— 


_ This is an awkward manner of estimating 7 water resources of the river 


but appears: to give correct ‘Tesults; and, until the volume-stage-area data for Ned 

Lake Mead are confirmed or corrected, and until more data co oncerning a 

hydrology of the reservoir become available, no change in method is justified. ee 
Column (11).—Annual quantities by which discharge passing Lee’s Ferry 

: nt. would fail to provide a 10-yr cumulative discharge, at this station, of 75 000 000 ; 

acre-ft for any 10-yr period and under the conditions contemplated in the 
3 "preparation of data for Columns (5), (6), and (7)—that is, an upper-basin A 

on an average annual use of 500 000 acre-ft 


: 


— 
Ferry and Hoover Dam outlet before deducting evaporation from Lake Mead 
th 
— 
4 
for most months and years. This may be the result of inaccuracies in discharge 
a measurements, errors in the stated volume-stage relation for Lake Mead, too oan 
ee: low an estimate of evaporation, temporary or permanent seepage from Lake ff 
| 
Ii 
- 
| 
— 
— 
— 
— 

— g 
4 
— 
— 

— 
| 
— 

— 


million acre-ft; but, had the at Lee’s Ferry been 1.8 
2 sooth higher than it was assumed to be in Column (7), the cumulative dis- 
charge for 1936 and the nine e preceding ' years would have been exactly 75 000 000 a 
-{t. The 1.8 is the difference between 73.2and 75.0. social 
Column (12).—Water available annually i in the upper basin for consumptive 


ee based upon a development using 7 500 000 acre-ft per average yr except 
when this must be diminished to sustain the 10-yr cumulative discharge at 


& shortage i in the 75 000 000 acre-ft cumulative amount occurred until 1936: 
4 but this could not have been known until the end of 1936 and, therefore, the 
restitution © of the shortage made in 1937. Similarly, it is considered that the 
restitution of the shortage of 1937 would be made in 1938, and soon. The 


values of Column (12) are obtained by subtracting from the values of Column — 
(5) the values of Column (11) which appear on the lines next above. It is to ia 
be noted that the 10-yr-cumulative-amount provision of the Compact, if- 
‘- adhered to, causes the greatest shortages to occur in the upper basin | - 
4 matter of years ¢ after the end of the dry period. _ The only substantial effect Pe 


% Lake Mead or other reservoir. The average of values of the column for the rs 
years 1931 to 1940, inclusive, is 5.81 .8 million acre-ft. 

Column (138) —Annual discharge at Lee’s Ferry under the conditions upon a 
x, which the data i in n Column (12) are based. — Values are obtained by adding to a 


: above (the sign is not considered). It is to be noted that under the conditions ; 
governing, very little water would be contributed to Lake Mead (or = 
_Teservoir on the lower river) in 1931 and 1934. paw 
of Hoover Dam. Conditions of Columns (12) and (13) 
To obtain the values of this column, the river gains of Column (10) are + _ 
= to the discharges at Lee’s Ferry given in Column (12); 0.8 million acre-ft a 
ne subtracted therefrom, representing a future depletion of 0.3 million -acre-ft per = 
: yt between Lee’s Ferry and Hoover Dam, and 0.5 million acre-ft, representing — 
a the annual loss from Lake Mead. The average of values of the column for 
1928 to 1937, inclusive, is 6.7 million acre-ft. For further information on the 
_ probable evaporation from Lake Mead and considerations regarding the gain 
o between Lee’s Fe: erry and the outlet of Hoover Dam refer to the explanation of a 
a Column (15) —Departures of the cumulative sum of the values of Cen 
(4) from the cumulation of the average for all years, applied successively each _ 
“year, ‘This i is an indication of the for 


ae The values of Column (11) are obtained by noting the quantities in Column cae 
pins (7); and when these become less than 75 million, taking (in chronological order) 3 ware 
| differences between adjacent values. It would thus become apparent at ll G ae 
ead ol water your 1926 that the: discharge of that your had been so low thet 
4 
— 
4 
— 
— 


aan similar to the one of 1930 to 1937 after the Colorado River is developed — : 
4 in accordance with conditions stated for the data of Columns (12), (18), and 
(14). In the preparation of Column (16) the assumption is ‘made that a 


3 requirements of the lower basin will necessitate the release of 7.5 million 1 acre-ft 
~ 


b per yr from Hoover Dam lake. This will include half of a possible concession _ 
f A - to Mexican lands, the other half of which would move through the reservoir, 
4 a ce and would be an additional release; but it is not considered in the present caleu- 
lations because it would be from upper- -basin allotments. = = 
The available water from direct stream flow for lower-basin use as given 
in Column (14) is sufficient to supply the demand of 7.5 million acre-ft peryr 
_ without considerable depletion of Lake Mead until the end of the water yi year 4 
1929; and the reservoir may be considered full at the termination of the spring 
- flood of that year. A start therefore is made in 1930. This year is credited 


_ with flow available for the year and from this is deducted 4.0 million acre-ft 

~ representing the depletion of the reservoir for power and irrigation during the Ei 
7 late summer and fall of 1929 and the spill required to obtain flood-storage 
- volume before the expected spring flood of 1930; then 7.5 million acre-ft, repre- 


— the draft for 1930, is deducted. The item in Column (16) then e 


a 4 oo of the reservoir at the end of the water year. For each subsequent 4 
a P year a credit is made for the flow available, and a deduction of 7.5 million | acre-ft 
* is made. This assumes that no spill, waste, or exclusively power use of water 4 


The sum of the following quantities (each in million acre-ft) is 7.5 million — 
. oS acre-ft: Consumptive use by projects in the lower basin whose construction has . 
4 _ begun, 6.2; channel losses between Hoover Dam and Yuma, 0.6; waste at 
ra Canal not recoverable in Mexico, 0.2; and, concession to Mexico, 0. ae 


‘Such a drought coming several decades now, full development 


| : a head of 293 ft available at the power npcloorag “This is is a little more than half 


Disrerpurion OF IRR1GABLE AND ARABLE LAND 
er In ‘Table 3, the data in Columns (2), (3) and (4) were presented’ by Daniel 


W. Mead, Past-President and Hon. M. Am. Soc. C. E., in 1929.4 They are 
a “mainly census data and estimates that were available to the Colorado River wr 

Board _ T he data i in Columns (5), (6), and (7) were compiled by the engineering ~ 
of the U. S. Bureau of Reclamation under the direction of 
Weymouth, Hon. M. Am. Soe. C. They are from 4 of sources 


two sets of data are not stzictly comparable for individual basins 
--—- eause divisions of the basins adopted are not the same; but they should be os 


comparable for the entire upper basin (see Item 5, Table3). 
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made under the immediate supervision of Porter J. Preston, 

TAB 3.—EsTIMATES OF IRRIGATED, on LANps 


Basin of the: 


in 1920 | irrigable in 1922 | irrigable 


probe 1 212 000 |1 855 000 

Upper eee: River 542 412000} 954 000 
San Juan River 157 000 729 000} 886 000 
ini in| 128000 | _102 000 230 000 


“For the basin of the Colorado River ‘excluding the 


and Dolores river basins, comparisons with the Weymouth Report are as — A. 


Irrigated about 1935 300 


Frank E. Weymouth: hast) bie 


Ww 


io from the standpoint of e economy or adequacy of local water supply. — 
areas which are said to be irrigable for meadow feed for livestock were omitted aa of : 
_ from the estimate intentionally. _ The Weymouth data for this basin are di- 
Teetly comparable in regard to the basin limits; but they include irrigated 
pasture land that was omitted from the Preston 


in a report of the Bureau of Reclamation on the Colorado-Big Thompson _ 

— 
4 
— 

on 588 000} 890 000 
156 000} 653000} 809000 — 
171 000 120.000} 30100000 — 
5 470 000 |2 455 000 |3 925 000 ||1 447 000 |2 740 000| 4187000 
8 Re 
2 4 
— 

t — 
is 
— 
— 
— 
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C. C. Exper,’ M. AM. Soc. C. E. (by letter) —As indicated by the 
title, the paper includes a , comprehensive picture of Upper Colorado River oe 
Z Basin developments and a summary (see Appendix), in readily understood _ a 
1, of the status of planning and investigations | for future projects. The 3 
P per’s chief value 1 may | well be (as was doubtless intended by the author) to 
broaden the viewpoint of engineers and others interested directly and too nar- a 
rowly in special projects ‘and localities, but ; who so of often seem “ “too close to the 
forest” to see more than a few of “the trees. of 
al For a considerable accomplishment toward this difficult goal, the author 2 
_ deserves much credit; and, as regards the portion of the paper covered by the 
title and relating. specifically. or chiefly to the Upper Basin, its data and con- 
clusions appear to conform reasonably well with official and generally accepted © ‘ey 


bys an direct of the subject, there- 


sions concerning the water supply of the Low er Basin. _ Here, materi ae 
"departures from reality are ‘noted, as this has been s owly achieved in the midst reek 

the Colorado” desert by generations of difficult pioneering; after long- con- 
tinued and involved litigation; through conferences and negotiations without 
- beginning or end, and therefore timeless as all eternity (or so they seemed); 


with | agreements and | contracts for water, and like the last 


The author concludes (heading “Irrigation Development”) that “The 
[Colorado River er] Compact is a comparatively simple document. mere 
reading of it might well seem to justify this appraisal, but not to any one who 
. has listened to leading legal luminaries argue the pros and cons of rival inter- 
- of its innocent-looking phrases through six humid, but far from . 
humorous, weeks of a Washington, D. C., summer. This argument has been 
interrupted occasionally during the last decade, as a result of the generated « or =| 
prevailing: heat, but as yet (1940) is far from being concluded. 
_ The statement under the heading “Distribution of Water Between Upper 
and Lower Basins” that Table 2 “is intended to show what restrictions the fx: 
. Colorado > Riv er Compact places upon the distribution of the water under these 
conditions” ‘(run-off as of 1922 to 1937) and the heading g of the same table A 
, ee? Distribution of Water Between Upper and Lower Basins as Required by i 
the Colorado River Compact, ” are insufficiently qualified. N No such restric- 
tions or re requirements ¢ as those of Table 2 are really inherent in, or definitely — 
derivable from, the Compact; these are rather an expression very largely | of y 
’ being involved in more or less arbitrary and 
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- The Gomigact appears, in simple language, to allocate 8 500 000 acre-ft to 
r* Lower Basin and 7 500 000 acre-ft to the Upper Basin. Quite improperly, 
a in Table 2, the author assigns, for ultimate consumption, 8 800 000 acre-ft to 
the Upper Basin (for a year with run-off such as 1929, for example) while a 

- ‘Inttiog the | Lower Basin 6 200 000 acre-ft (in addition to Arizona’ 8 Gila River — 


if this. is “required” its terms or can even be derived plau- 
& from them. _ The point is raised merely because it involves a general ars: 


fe dev elopment “to the limit imposed by an average use al 7 500 000 acre-ft 
3 per yr”; but it is literally true that nowhere i in the Compact does the word 

_ “average” appear. It can be agreed that this usual interpretation of the Com- . 

’ pact allocation, as adopted by the author, may finally become accepted by 
i custom, or may prevail after long litigation and adjudication as an “equitable” 
interpretation. However, it is not consistent with present appropriative water-— 
ec right law and practice i in the Upper Basin States, where an upper diverter is * a e 
a not permitted to increase his claimed or decreed water right in a wet: year at the < = 7 

expense of lower water users, merely in order to average the effects of past or r 4 


ore If such an average allocation had been intended iby the Compact allocations, 
: "presumably it would have been explicitly stated, as in Article III (d) with refer- 

: ‘ ence to the progressive cumulative 10-yr aggregate run-off as guaranteed at 
s Ferry. It i is not implied that the Upper Basin cannot, under the Com- 
pact, make use of. surplus water in wet seasons, “particularly ‘to refill empty 
. reservoirs (which holdover storage is not charged as a use until in later years he 
it it is actually diverted and consumed), as long as the Lee’s Ferry flow i is not iS 
oa reduced below the guaranteed minimum and the Lower Basin is not prevented a 
Es from receiving its full allocation. In the long run, however, such excess use a 

as listed in Table 2 must permit less holdover storage in Boulder ‘Canyon — ‘ 

; —— and therefore, in some degree, reduce the supply available for the _ 
Lower Basin. Of course, the Upper Basin has the right to assert a claim to 
such excess water after 1963, and then secure an allocation of it if such claim i is bo 
valid and justified, but apparently it has no such right of assertion of such a ee 
en definite claim at this time. However, the present specific criticism is simply iy 


us _ that the author has adopted the » Compact interpretation most favorable to his . ei, 


‘a own locality, without making clear that other interpretations and quantitative ag 4 


a results are possible and may be considered by some to be more reasonable and 
Ss equitable, and to conform more strictly to the terms of the Compact. Petraes : 
le } regards the data of Table 1, the author might be presumed to I “a 
i obtained the Arizona portion from California representatives, and vice versa for 
- California “discrepancies.” The new Gila Project, for example, is + 
2900 000 acres but allotted 405 000 acre- it for 
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n (minimum requirements there being 4.0 to 4.5 acre-ft per 

= acre). This is clearly an individual judgment as to the probable rate of de- 

_ velopment of this desert area, but if its settlement should proceed more rapidly 

than thus assumed the Arizona should continue outside the 


e roqudeehantd: _ As long as Arizona is not a party to the Compact, and until + 
the terms of this treaty are with somewhat more judicial disin- 


one, appears necessary to present’ an adequate picture of fubute water 
The author views with some possibility of severe water short 


seeming to assigned to: Basin, even as 


- Tower rather than upper diverters on an irrigation ditch. _W ithout ar 


. 4 ‘a not more than once in a century; but putea sek only the period of pets 
r oe! to 1939, the average is materially | reduced below the e probable pm Due 
mean by the inclusion in the reckoning of two. major droughts and only one 
_ intermediate wet cycle. _ The period 1905 to date (1940) probably gives a more — 
accurate: approximation to the long-time mean, and on this basis the early 
2 estimate of average virgin flow referred to in the paper (heading “Appraisal of 4 
Past Experience”) a as 17 000 000 acre- ft seems not more than 2% to 3% too 
Such average flows are of ‘real value only when regulated by bolderen: 
4 storage for use during droughts. — The effective active storage of Lake Mead — 
a) be increased greatly, long before needed by the Lower Basin for water 
i “4 ‘supply, by the construction of additional reservoirs in the Upper Basin. a The — 
- _ Bridge Canyon Dam will promptly cut off practically all silt inflow to Lake bs oe 


; Mead for many years into the future, and every up- -stream reservoir will have =) 


- the same effect in some degree. , _ Upper Basin and canyon reservoirs 1 will aid in 
ees regulation, permitting the ultimate reduction of the present Lake — aa 
Mead flood- control Teserve of 9 500 000. acre- ft toa nominal amount. B Below a 


—_ 


= 


— of the author’s 20 000 000 acre-ft of available holdover atorage, cher . 


4 ill finally be functioning (by 1 the time needed) between 30 000 000 and 40 000- 


000 acre-ft of active regulatory capacity. The outlook thus appears much — es 


4 


— 


a 


| 

{ 

carefully “staked-out” future water supply now depended upon by the 

&g re s 4 Upper Basin would presumably be subject to appropriation in Arizona for use _ i, 

4q this Federal project, largely defeating the Compact’s attempted 

protection. However unlikely, this is merely another of the numerous con- tl 

q tingencies or variations that prevent the author’s computations from being, 

a 
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<i ‘The present series of years of low run-off is a reminder of a similar but rather = ; 
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a) Similarly, on the credit side of the ledger, Item 13, Table 1, for silt widiin ae ies 
2a Imperial Dam has shrunk to a negligible amount with the rapid clearing of a 
: “ie Colorado River water that has already occurred there. Doubt has also a 
i ~ been expressed that sufficient discount has been allowed for the high elevations -s 
Ks at which proposed large transmountain diversions must be made, reducing j P 4 
- materially the portion of the available run-off that can be so diverted - Other ah 
ah proposed transmountain projects involving high pump lifts must, ‘even in 2° a 
Mogan years, allot sufficient water (and, incidentally, additional water above _ o 
he minimum) to the canyon power plants to generate the power required for 7. 
pumping if commercial power and resulting revenues to help pay for such | ry 
— are to be produced. Such natural and economic restrictions on excess 
Upper Basin diversions may well ‘appear more reassuring to Lower Basin 
water users than even the guarantees of the Colorado River Compact. __ 7 a 
= _ The author’s theory (heading ‘‘Distribution of Water Between Upper and = 
Lower Basins” ; explanation of Column (11), Table 2°) of large errors in Boulder 
Canyon reservoir areas and. capacities, stated to be of the order of 5% to 10%, — a 
: several thousand acres, seems absolutely untenable, even in that difficult ‘a 
canyon region, in view of the ‘high | engineering standards of the Bureau of Rec- 


, ‘qanilarda have been maintained. A series of air-survey maps, flown at varied 
_ water-surface elevations, should be able to answer t this question of stage-volume = 
i relationship qu quickly and with conclusive accuracy. Meanwhile, it is considered a 7 
_ that the large, unaccounted inflow to Boulder Canyon reservoir cited under _ 
“Distribution of W ater Between Upper and Lower Basins” (discussion of 
rs Column (10), Table 2) can be explained more » satisfactorily as as bank storage, 
since the allowance of 10-ft depth over increments of wetted area can be n+ e - 
aie “generous” only in comparison with earlier estimates of 3 ft for bank storage. —- =. 
5 At Jackson Lake reservoir, with a capacity of 847 000 acre-ft, but with a waters 
level rise of only 8% of that at Boulder Canyon reservoir, a bank storage ei 
J ‘4 from 10% to 15% of the reservoir capacity has been measured. In any case, 
whether Lake Mead is larger than assumed, or has unexpectedly large 
storage, the water supply on the Lower Colorado River will be aided materially, 
in time of drought, by such an increase of active or effective storage. = 
The writer feels much sympathy for the paper’s concluding plea (see he a. 
“Conclusions”) “for the use of available water supplies to expand [Upper a 
Basin] communities already established” and “in ways and places that will, 
effectively, build communities with a broad industrial base’”’ in ‘addition 
to agriculture. This need is called a “further justification * * * for the rela- 
a tively high cost of these [ dt tain di 1] t dthe | 
proposed transmountain diversion ] projects and the 
# initial financial subsidization they need,” ’ and with the latter statement little — 
- disagreement, will be found, even in the Lower Colorado Basin and among — 
vi engineers (those least radical or politically minded of mortals). Search the a. 
bs _ paper as one will, however, no reference to, or explanation of, any primary ae 
initial justification of such “subsidization” can be found to which this appealing Ss 
justification’? must presumably be intended to be added in order to 


give to such proposed projects at least semblance or approximation to =< 
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feasibility. ‘The promotion of such large-scale ‘ tsubsidiaation” | of water ex- 
3 = ports is the only factor ever seriously viewed by Lower Colorado River Basin Gay 
A. e water users as constituting a genuine threat to the permanent safety of their a 
Sa future water supply. To engineers in general, it remains an unpleasant and %, 


_ distasteful idea, foreign to their mental processes and professional standards, 


‘Tuomas C. Apams,’ M. Am. Soc. C. E. (by letter).—Mr. Elder’s discus- 
— sion is directed mainly at two ‘points. One is the accuracy and adequacy of G 
the writer’ s analysis of the division of water supply between the Upper and ws 
¥ _ Lower Basins and the apparent intended use of water in the Lower Basin. — The 

_ other is the justification of Government subsidy for water- supply development. 
Consider first the matters of water supply. Table 2 is an application of % 


3 water-supply partition provisions in the Colorado River Compact to me ‘ 


we 


_ distribution of the water of the river (and purports to be nothing else). The 
= was led to prepare it because one of the problems vital to Upper Basin 
_ interests is the quantity of water available to the Upper Basin under the com- — 


4 pact pr provisions and in conformity with the actual flow of the river. Table 1, 4 


a giving estimates of water likely to be demanded by Lower Basin projects, was — = 
_ prepared because some believe that aggressive advancement of irrigation 5 


ether: watee-etipply construction in the Lower Basin, with ‘consequent large 
_ demand for water, is likely to result in an enctoachment upon water supply #2 
my generally supposed to be reserved by the Colorado River Compact for the use eS] 


ag «of the Upper Basin. vi In so far as the Upper Basin is concerned, the Colorado a 
River Compact had an outstanding purpose—namely, to reserve an equitable 
‘portion of the undeveloped supply i in the river so that the Upper: Basin 
m 


land, and far reaching, established, economic relations, in order to permit oS 
water to be used on other, undeveloped lands where works are to be built, and rs 
alll economic and other social aretobemade. = 
‘% _ Within the ten years 1930-1940, large developments in both the Upper — 
and Lower Basins of the Colorado River have been, and in the future most — 
Je i likely will be, involved with Government financing dependent upon Congres- ee 5 
sional approval (and as some view it, also involved with a measure, greater or eR, 
less, of Government subsidy). Therefore, the possibility of developments 
volving the withdrawal of water from use in one locality for use in another, ae 
even in conformity with previous agreements and with acknowledged equities, — — 
appears even more unlikely. An important factor in such a situation is that — 
a the wrong that might be done i is not to an individual but is a more or less i 


wrong done to a or section of the 
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which does | not elicit 50 a whd 
equities nor so strong a public opinion upholding action with the same intention. at 
re All should take special note that the question of the desirability | of a legal 
formula which would withhold a natural resource for development i in a specific 
as locality a at a late date is not now under discussion. _ _ In so far as this applies 
is to the water of the Colorado River System, it was decided by contract ple : 
Colorado River Compact was drawn and ratified 
It will bear re-statement that Table 2 was prepared to show the sppticnion 
ee ‘of the partition terms of the ¢ Colorado River Compact to a period of river flow 


actually oceurring. The partition terms apply to the reconstructed flow that 
4 was presumed to take place under pristine conditions. The terms are com- 4 
A 


_ paratively simple, and 1 the provision is one of the most ‘important in the Com- 
pact. Complications arise mainly from vagaries of river flow and the minds of 


_Both of these are very indeed; but very few 


nature of operations, the writer chose to give to data and interpreta- 
tions from authoritative sources. Such is the case with values in Columns (4) hae 
and (5) which record the ‘Upper Basin annual demands for water under con- — a, 
ditions of actual development. in corresponding years, and future intended 
development for conditions of these years under terms of the Colorado River ae ‘ : 


: Compact, respectively. It is to be noted that later in Column (12), Table 2, 


. it is found that deductions from the latter values—those of Column (5)—for 
years 1936 are necessary | because of reduced water ObGi tol oule 


it convenient, to divert somewhat more than they normally divert. Where i.e 
f diversion i is made “3 many thou sands: of small ditches (a condition that exists — 


_ low runoff, conversely, will be below average for Teasons; 
- but the departures of values in Column (5) from 7.5 million acre-ft are not great. 
‘The largest of the values, 8.8 for 1929—a year of rather great stream flow— 
: ~ should compare with 12.5 million acre-ft from direct river flow available to the - 
Lower Basin during this same year, not with 6.2 million acre-ft as inferred = 
Mr. Elder. However, if a uniform 7.5 million acre-ft per yr had been assumed 
ao Column (5), the important conclusions drawn from Table 2 would not have © 
_ been changed—namely, that (1) the water r supply i is critically limited; (2) the a 
water partition provisions of the Colorado River. Compact, although satisfac- rsa 
) tory when the river flow is high or moderate, have peculiar, undesirable con-— 
sequences on the distribution of water in. the presence of intended (future, 
ultimate) Upper Basin use of of water and when prolonged, | but to be expected, ; 
Conclusions originally made from Table 2 are emphasized when table 
is extended discharges actually recorded in 1938 and 1939 in of the 
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COLORADO RIVER > 


«imaginary values at t first have: since 
the table was s prepared. The actual for 1939 was considerably less 
4 
t 
q ‘PRESENTING DistRIBUTION or WaTER BETWEEN Urrer AND 
Lower Basins As REQUIRED BY THE Couorano iw’ 
(Addendum to Table 2; All Values in of Acre-Feet per Year) 
Se 2 id. = 


15.4 | 117.3| 2.3 | 7.6 | 10.1 | 69.5 | 15.6 | 120.7| 0.2 | 0.0] 3.9| 13.8] 142].... 
9.4 | 107.5| 1.8 | 6.2 | 5.0| 61.4] 9.6] 110.9] 0.2 |-81| 62] 5.0] 42 


is “ © Values for 1940 are imaginary—believed based upon a discharge at Lee’s Ferry, not likely to be a 

value for 1940. Of most interest in this table is the indication that in 1940, to ae 
3 meet conditions previously explained, including the compact conditions in the oe 
7 presence of ultimate oo Basin use of water, it would be ‘Mecessary | to per- : 
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year, plus an additional amount of 0.6 million acre-ft. This conclusion, based 

oa upon a rather large i imaginary river flow assumed for 1940, seems fully valid be- a 7 uF ( 

cause the prospect of a river flow in 1940 of as great as 15 million acre-ft at Lee’ 8 a He - ' 

_ Ferry, the assumed value, seems quite unlikely at the present writing (May, or 

1940). _ River flow, coupled with men’s attempts to read the future and provide Bisa a ‘ 

_ writer does not believe one can depart materially from the data of Tables" 

=F 2 and 4 or the conclusions drawn therefrom while conforming to the terms of the mcg 

Colorado River Compact and to the generally accepted interpretations. 

course one must admit the possibility of other dispositions of Colorado 

= _ River water. Large quantities of water may be absorbed in Mexico by appro- BS : oe 

--Priation sustained by international courts or by treaty grants. Arizona, not 


_ subscribing to the Compact, may legally appropriate a large quantity of water 
prior to its appropriation elsewhere and find ways of financing construction of f 
“necessary ¥ works, However, the vast expenditures required for water-supply 
elopment in Arizona must apparently be financed by the Federal Govern- 
ment and approved by Congress. Therefore it would appear that large-scale 
developments ma made to the of t the Colorado River 
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st by the United States Government 
Big which is a party to the eanpeil _ On the other hand, the Upper Basin may not 
: ier to construct, or may be unable to finance, works in the Upper Basin and ie: 
therefore water could be used elsewhere without protest. These and en = fil 
; other possibilities exist, but they are not in accord with the reo. of 
the opinions with which the writer is familiar, dole 
peculiarities of water distribution imposed by! the Comment during 
periods appear to require ¢ an eventual modification of Compact provisions. a 
Referring to Table 1, which indicates the prospective water supply to be ie 
‘drawn reasonably soon from the main Colorado River below Lee’s Ferry, the 
q writer of necessity relied upon his own judgment to sort out acceptable items 


from the considerable quantity of discordant data. It again may be empha- : 
sized that an effort was made to be guided more by what is on the ground or yy 
posted on financial books and relatively less by statements of intentions. T > 
ee, urther comment may be made with respect to the Gila Project which was 
- eonsidered in Items 5 and 6 of Table 1. The construction of irrigation works 
- for the first unit of this project, approximating 150,000 acres, is well advanced ; 
(May, 1940). So far as is known, there are not definite plans with respect to 
the time of construction and financing of additional works for other units of this 
project. The use of the term “Gila Project” by the Bureau of Reclamation is _ 
_ limited to an area of about 500,000 acres mentioned in the explanation : accom- 
_ panying Table 1. The value 2,900,000 acres was placed in Table 1 to indicate 
_ the extent of what some consider the possibilities of irrigation development in 
the Gila Valley. (Proposals, large and differing in detail, for the irrigation of 
areas approaching 2 ,900, 000 acres in the Gila Valley of are 


as cause this is ample water to viet te unit of the project re which there is 
- assurance that works for its irrigation will be built; and also because each further 


Colorado River Compact. One would likely hold that, under the ep 
the: irrigation of 2,900,000 acres of land in the Gila Valley of Arizona would 
require all water for Lower Basin use od aot 
discussion of the fundamentals usually offered in justification of subsidies 
_ to irrigation and other water development: in the United States was not the © 
object of the. paper. . Inthe end, Government subsidization of water devs elop- 
ment or any other development is based on expediency, established policy, 
of or credit, the adequacy of favorable 


impossible to obtain. ies agreement of what subsidisation seems 4 

impossible. - Some will regard repayment of a Government investment in an “4 4 
a irrigation project by 40 annual payments of 1/40 the first cost and without 8 ae q 
interest as complete repayment. — (This is the present repayment plan of the 3 q 


a Bureau of Reclamation—it governs repay ment of advances for the construction — 
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“appropriation of water for continuing use In the Lower Dasin appears to add 
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_ which requires repayment in the same length of time, with interest at,say,5%, 
and find the annual commercial repayment is 2.3 times the other. | The elie ; 
= therefore, may conclude that the 40-yr repayment without interest is equiva- ¥ ‘ 
ie lent to approximately a 57% subsidy. If a Government rate of interest of 3% — B 
is taken, the subsidy which may be concluded is 42 per cent. The first WPA i ‘ 
plan of finaneing (a portion of Parker Dam was financed in this manner) i in- 

what is usually referred to as a 30% subsidy or “grant.” shore 7 
ee _ Referring generally to Government water-supply financing in the United e 

e States—after a general financing policy has been determined and applied, it a 
A has been true too often that ‘adjustments,” “moratoria,” and 
a “commutation of payment” have intervened so that cost repayments have been " e! 


considerably less than were originally anticipated. Members of the engineering ote 
profession of recognized high standing occasionally have supported these modi- __ 5 in 
F 3. fications as being entirely justified and sufficiently common so that they are “Se or 
regarded as a likely if not an inevitable consequence of Government financing : 
— therefore that Government financing is tantamount to subsidization. ae We le 
Nearly all of the new water-supply construction involving approximately a half- al 
billion dollars and forming part of the development of the Colorado River 
oa below Lee’s Ferry has been financed by the Government, and concessions (for — ig a= 
instanee, reduction of the interest rate of the Reconstruction Finance Corpora- b: 
a tion to the Metropolitan Water District of Southern California from 5 to 44%) ” W 
have already been granted. In April, 1940, a determined effort was being made 
before Congress to obtain legislation permitting a reduction in the interest rate 
= applying to repayments of the Government’s investment in the Hoover Dam x a di 
from 4 to 3 per cent. bill embodying this change seems to have the 
a benediction of all concerned. It also provides for deferring the beginning of sa: a 
repayment of that ‘portion of the cost of the Hoover Dam which was allotted Wis 
flood control for about 50 years. Some will regard this as a substantial b 
measure of subsidy and back their arguments with financial computations. 
‘Throughout the American West, there is general agreement that Govern-— 
‘ment subsidization of irrigation development to the extent of the current Bureau : re 
Reclamation (Department of Interior) plan of financing is justified. Few 
advocate subsidization beyond this. It is the policy now rin operation. Litera- 
ture stating the p pros and cons is There i is no need for the writer P 
In Mr. Elder’s discussion, mention i is made of some technical points of 
rp hydrography. One is the apparent e excessive loss from Lake Mead (not neces- 2°. jae 
 garily all real loss). Present data and their analyses seem to support fully the it “Hi 
existence of excessive apparent loss and to indicate that a portion ofthe lossis 


genuine. It is probable that aeroplane surveys, which were referred to, and 


j n more data from the operation of the reservoir, will help to decide the nature 


- A second hydrographic point is is the probable ekeneiel of major drought ria 
periods. In this connection it is generally becoming apparent, even to opti- 


mists, that the region is having one drought that is truly severe. Data regard- na a 


ing recurrence of major droughts are indirect or only inferential. . The. First a 
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Report of the Water District of Southern California — 


Kes “By analyses of old flood records, mission crop reports, a 


con - notes, diaries of early settlers, and other indirect means, H. B. Lynch, 
Nee consulting hydraulic engineer of Los Angeles, has extended these [meteoro- 
‘bee logical] records with reasonable dependability back to the year 1769. oe: 
La. The results show that there has been no change in mean climatic conditions — Rt a 
ae Southern California since that date at least, although drought periods E 
“i are indicated that were both more severe (1822-32) and of longer ty peel sd 
es: (0843-88) than any that have occurred during tl the present century.” x 


43 ae, third hydrographic point i is the amelioration p possibility of additional om — 
reservoirs This is a possibility, but the beneficial effects of reservoirs are 

~ strained by the evaporation at the water surface and the long hold-over storage a 
E required in connection with the Colorado River. The writer would emphasize 
in this connection, and i in some others regarding the of the 


In place of dependence on such statements it is that 
an analysis be made by 8 suitable periods, and for each, to apply the conditions a 

ag with respect to withdrawals and losses of water as s they would occur and credit Re [Ds 1 “| 


aeeretions of water provided by natural conditions and the conditions 


judicious management of available water Tesources. All must be conducted 


with: due regard to the fact that at any assumed time no ‘extensive knowledge 4 ay = 
i _ of future conditions is available other than general knowledge indicated by ne oo) a 
experience. Pronouncements of how river discharge i is to be regulated or 
ae distributed (based upon knowledge of a average flows ‘and unsupported state. j 
J hs ta of how reservoirs affect stream regimen) should be subjected to careful 3s 
A fourth hydrographic point is the prospective quantity of water that will 
be lost at or below Imperial Dam. In the preparation of Table 1 a rather low 
value for this loss was selected from among several authoritative statements of_ 
3 much larger values, in the losses in in addition to ‘that 
fia “‘fiestien canals, and possible wastage of ps part of the power r water on the an 4 


+ oe or on the All-American Canal near the heading of the Imperial Canal. 3 
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CLARENCE Norris,’ Eso., 


«TRANSACTION 


AN IMPROVED METHOD FOR A ADJUSTING 
LEVEL AND TRAVERSE SURVEYS 


AND JULIUs L. SPEERT. 
Were: Discussion Guonor How ARD §. 


oi simplified method for adjusting level and traverse surveys is presented — 
in this paper. |The results are identical w ith those obtained by least squares, 
_ but the method is so simple as to be understandable by any one possessing — ee 
an elementary knowledge of algebra and surveying. _ The labor required for Be 
“this ; method of adjustment is considerably less than that required by the 
a least-squares methods, and is no greater 1 than that of eruder methods. _ 
‘The pap paper is divided into three parts: ‘The m: main 1 body. gives ves detailed i i” 
structions for the adjustment, in such form that the computations may hes 


; A performed by a clerk familiar with the use of a computing machine. a 


the benefit of those interested, the theory of this method is developed “sa 


en a I; and Appendix Il explains a simple method of solving the adbian: 


AM ‘surveys, whether for the determination of altitudes or of relative ee: 
horisontal positions, are subject to two general types of error—systematic and — - 
accidental, Before any of survey all known 


azimuth checks are weudlly made in a  well- condueted traverse 


survey. preliminary angle adjustment can be applied, therefore, before 
the computation of latitudes and departures is undertaken. The angle adjust- E- Bs 
ment is so simple and well understood that it will not be discussed herein. ee fi 


—Published i in October, 1939, Proceedings. 
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“ADJUSTING 
When latitudes and -departures—or differences of latitude and longitude— 
“have been computed for each course in a traverse net, some error will ee 
appear in the form of imperfect closures i in the net. | This: error is. due to two 
= general causes—accidental errors in the 1e straight- line measurements (including © 
other errors treated as accidental), and errors of ‘direction that still remain 


after the preliminary adjustment of the angles. ‘Because of the complex ing 
interrelationship of these and the difficulties involved in their 


traverse closure asa. single accidental error with two components; namely, 
northing and easting (or latitude and longitude). In this paper it is assumed A 
that all preliminary computations have been performed and that unadjusted i 
+ north and east coordinates have been determined for both extremities of each “ 
ad line in the net. The resultant closure errors, in northing and in easting, — 


be treated as independent items, either of be adjusted without 
egard for the other. 


Similarly, in a level net, the error will appear as imperfect closures, or a 


differences of elevation, at the junction points. method of adjustment 


to be described is applicable equally to a level or traverse net; but, because — 7 
pe latter presents a more general problem, having two errors to be adjusted, 
pecial attention will be | given to the adjustment of a traverse net. ohe ms 


gu 


% ‘The method of adjustment to be described herein is based on the so-called — 


a “Junction Point method”’ for the adjustment of levels developed by Mr. D. H. ia 
‘ Baldwin of the U. S. Geological Survey? 3 The theory of the new method ae 


traverse net will be adjusted i in detail. This net is sshown 
4 diagrammatically in Fig. 1, with the junctions numbered for identification. te 
- The stations whose p positions are to be held fixed as - result of earlier adjustment - 
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4 
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315,406.20 


0 


r of a more precise survey are indicated in Fig. 1 and are listed in Table a 
With their fixed positions. The results of the preliminary computations of 
north and east coordinates are listed in Table 2, the upper entry representing — 


4 Fora complete of the Baldwin Topographic Instructions of the United States 
eee " by C. H. Birdseye, M. Am. ulletin No. 788, U. 8. Geological Garvey, 
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3.76 


38) 


2.—RESULTS OF PRELIMINARY Comput 


sta, | tion || Line emt 


259,848.50) 127,206.14 261,610.52|239,699.93) G22 


259,848.50) 127,206.14 |319,029.42/240,792.22) G22 
288,642.37/128,889.43 208.41/217,293.84| G22 


288,642.37/128,889.43 208.41/217,293.84 G22 
naneicel 15 127, 416. 52 


312, 167. 15|127,416.52 
328,940.26/129,811.43 
312,167.15|127,4 
315,410.22/154,9 


315,410.22/154,926. 
316,986.28/182,292. 


|259,848.50/ 127,206.14 
$255,027. 7 159,716.78 


RAO, 

nue 


aR 
250,612.16/232,163.26| G23 


260,420.93 201, 716.80 G23 
318,213.26|/217,290.16| G23 


, |815,406.20|154,926.18| G24 
G24 
(299,416.02|158,889.16| G24 
* G24 


255,027. 73 159,716.78 288,642.37| 128,889.43] G24 


158,888.72) G24 
293,938.56 187,386.98] G24 
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32 
|G20] 16 | 56 

G21} 1 | 95 | 40 


oy “the beginning, g, and the lower entry the end, of the line indicated i in 1 Column (1), 
a in accordance with the direction arrow on the line in Fig. 1. The items : 
Fi: Columns (4) and (5), Table 2, are for the computer’s reference to the original 


computation books. Column (7) identifies the stations at the extremities of 
re the various lines, as demas in Fig. 1. The positions shown in Tables 1 and a 
. have been computed i in plane coordinates, 2 ‘However, this method may be 
it used equally well for adjusting a traverse in geodetic coordinates, differences — 
of latitude and longitude being substituted f for differences a northing 


Special Conditions.—A few special and unusual ‘conditions are included 


and presents no special problem. Although lines f and n were surveyed 
_ independently in the field, they are in reality a single line in spite of the closure a 
between them, and they are treated as one line in the adjustment, the weight 

that: of the two lines combined. ‘Thes same treatment could be 


Junction Closures.—A junction is ‘the by the com- 
puted position ofa point on one line differs from the computed position of the ; 
.% same point on another line. It is positive if the computed position on the Ps i. 
dosing line is the greater, and negative if it is the smaller. . Stated otherwise, 
ine “the junction closure is the distance that must be subtracted slasboiesiis from 
oo position on the closing line to obtain the corresponding position on the line 
Or station closed upon. my * junction closure is indicated by a short arrow aes 
pall to the « closing line, pointing toward the line closed upon, and by “yg 
numbers representing the magnitude of the break or closure. The junction 
closures indicated in Fig. 1 are derived from inspection of Tables 1 and 2. a. 
“Fore example, junction 1 is at the end of line ¢ and the beginnings of lines * a ; 
andeéat station 73. The position of station T 3 is the same on all three lines 
_ (see Table 2); therefore, zero closures are indicated between line e and lines c ae? y 
d. The absence of a closure arrow at the extremity of any line implies a 
_ sero closure for that line on the junction involved, At junction 4, station T 5 
eS the same position on lines g, h, andj; but cn line s its position is 5.37 less in ee ae 
northing and 2.59 less in easting. Therefore, line s closes on junction 4 
" closures of — 5.37 and — 2.59, as indicated. — _ The position of station C on lines ae 


eand f is 4.02 greater in northing and 0,03 lesa’ in easting g than the fixed position fa 
Of station C (Tables 1 and 2), as indicated by the Psat of these lines on the - 
vin i? fixed station. Line r, Fig. 1, starts at station C with the correct final ‘position, Ba” 
¥ and its closure on C, accordingly, is zero. All closures, at junctions and at 
: i fixed stations, are determined in the same manner. When dealing with items y 

of northing and easting, it is desirable always to write the northing quantity — 

‘first, thereby avoiding confusion as well as the necessity of labeling each “a 4 
Circuit Closures. the next step in the it is 


a 


| 
4 — 
< 
4 
4 
ee directly into the adjustment, they offer a key to the quality of the field work - _ 


circuit closures may be computed by all junetion 
ure 
its closure arrow is opposed to the. route around the circuit. 
For this purpose, a group of lines connecting two fixed stations is treated the 
% same as a closed circuit. In Fig. 1, the circuit closures are shown within © ; 
the respective circuits, inside a ‘curved arrow which indicates the direction of ad 
- closure. Each circuit closure, and all the junction closures contained in it, ‘¥ 
p may” be checked from Tables 1 and 2 using Fig. 1 as a guide.  Weeentling 2 
counterclockwise around the circuit as before, subtract the position of the — ae 
beginning, and add the position of the end, of each line » whose direction arrow a 
agrees with the direction of progress around the circuit; reverse the | operations, . 
L- ke the beginning and subtracting the end, for each line whose direction _ 
arrow is against the direction of progress around the circuit. ‘a If a circuit 
34 connects two fixed stations, assume an imaginary line joining them, and treat | 
the fixed positions as the extremities of this imaginary line. The cireuit 
elosures: obtained by this method should check exactly those determined 
ts previously. Any discrepancy might be due to a mistake in the determination _ 
of the circuit closure by either ‘method, or to a mistake in one or more junction — 
closures, or t mistakes. to bea 
Phe magnitude of any ‘circuit closure i in relation to the length of its circuit 
e,.. is a measure of the precision of the survey around that circuit . An excessively 
; = large closure might clearly indicate the existence of a gross blunder and lead = 
to its detection. Large closures of opposite signs in two adjoining circuits — 
indicate weakness, or possibly blunder, in a the line ¢ common to these circuits. — 


sides of ony line may be used to form a rough preliminary estimate of the - a 


correction that the adjustment may be expected to force into that line. Thus, 


remaind 


as. their relative lengths. _ For a traverse, however, it is believed that 
number of transit stations ina line offers a better index of the strength of = 2 
: line. For convenience in solving the adjustment equations, to avoid coefi- 
cients either too large or too small, it is desirable that the magnitude of the a 
diagonal terms of the equations be between 1 and 10. This condition can be 
produced most readily by using weights for the lines, that their average 
“+ 2 value will be about 1. Therefore, the » effective le: length of, or number of stations — ¥ 
ae in, each line should be divided by the approximate average of all the lengths, si 
or numbers of stations, before weighting. In this adjustment the lines will be 
weighted in inver 
- each line in this example will be taken as 50 times the reciprocal of the number — 
Ae of stations in it. The number of stations in each line is listed in Table 2, a 
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=. | _____and preliminary computations, indicating places of apparent weakness and _ 
§ 
| 
a 
A 
— 
| 
-_— any line that appears to be below the standard of the remainder of the work | 
y p 
may reasonably be omitted from the in order that its weakness = 
shall not detract from the strength of the erofthe survey. 
® 
i 
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tt 
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be 
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"METHOD FOR R ADJUSTING SUR’ SURVEYS 
ie the e preliminary positions and the closures have been ‘computed to two ne 
e decimal places, it is desirable that the weights be used to one place more, or 


re ‘TABLE 3.—AbDJUSTMENT EQuaTIONS 


jis: 


_|=2-807 |+0.625 |+ 0.803 


last decimal figure. If any line has been surveyed with or less 
ee than the others, to entitle it to special consideration, its weight factor 
_ may be changed accordingly. In this example all lines are considered of equal © : 


ie Adjustment Form- —After the preliminary examination and preparation are 


completed, the adjustment may be begun. All junctions between lines of the i 

. survey should be numbered, except where lines meet at a fixed station. ‘Thus, t 

there should be a number for each junction for which a correction is to be 
determined. form for the table of equations (Table 3) should be prepared, 
allowing one column for each numbered junction, two absolute columns, and “a E 3 

an additional column on each side of the table for later use. Four lines should ‘a : 
be allowed for each equation except the first, which requires only three. 
groups of lines should be numbered in the same order as the column headings, a 
_ and the first three lines in each group should be designated a, b, and c, respec- _ 
tively. fourth line ‘is left blank as a separation the ‘equations. id 


— 

— 

a (3) a ag —3.805 +0 769 0 - 2.174 

— 
— 


METHOD FOR ADJUSTING 


2 In the first ‘equation lines a and b are combined. As a further guide, a re +" 


= 


2.498 | +0.862 


+0.0846 ala 
41.280 +0.595 

2.800 |+1.315 |+0.505 | ~ |= 9.17 |—6.082 


i (—1.0) |+0.4696/+0.2125) .1721| — 


0.278242} | [8.504 |+-0.279 


12.807 | 


—1.621 |+0.210 |+ 2.650 

(=1.0) |+0.1295 |+ 1.6348 


1.628 


+1.3026 0.9761 0826) - —4.0159 +2, 0720 8, 1546 +0.967 9678|— 5.1507) 749) 
+3.1328) +-1.7963)| +-0.1322) — 1.3599) +- 1.4063) +-0.7142| —4.1332)— 5.1115 
4-8:4355] 0.1796] 1.9004] —6.3755 —11.2613] in 


—- 


from Fig. 1. per For this purpose, as well as for the solution, a computing mac 


the other lines for their solution. The diagonal term for each 

equation is entered in the line and column bearing the number of the op a 
junction, , and is always negative. The coefficient of each of the 
—— terms of an equation is entered to the right of the diagonal terms, Roc, 


onthe ] line and in the col column corresponding to the extremities of the ne 
soning line in the survey, as will be illustrated. 
_ Diagonal Terms.—The diagonal term for any equation is the negative sum ; e. 
the weights of all lines entering the correspondingly numbered junction, 
_ For example, at junction 1, Fig. 1, it is — (1.042 + 1.562 + 0.909) = — 3.513 Ke : 
in ‘Column ‘Table 3, For 2, ‘it is — (0.86 862 


5 
— 
5) 
4 (6) « 93 |—16.506 |+9.963 |— om 
— 
get 
| — a 
a 
( 
be 


oy 1.042 + 0. 833) = — 2. 737, as entered in Column (2), ne’ 2a. 1. Similarly, a 
gil diagonal terms are determined from Fig. 1, and entered in Table 3,inthe 
-line and column corresponding to the of the junction involved. 

—The remaining coefficients i in (1), Table 3, are the 


junctions. . For example, line ¢ enters junction 1 junction 2, and. +1. 042 
ig entered in Column (2), line 1a; lines d and e enter junction 1 from fixed _ 
i! stations and have no coefficients in the table. — Similarly, line b enters junction iN 
Bf : 2 from junction 3, and + 0.862 is entered in Column (3), line 2a; line t enters 
junetion 2 from junction 5, and + 0.833 is entered in Column (5), line 2a; 
line. c enters junction 2 from junction 1, and + 1. 042 is found to be — 
7 ~ entered in Column (2), line la. It is not - entered in Column (1), line 2a, 
ae because that space is to the left of the diagonal term, and only those spaces 
to the right of the diagonal terms are used. In like ‘manner, the coefficients i 
for all the equations are entered in Table 3. 
Absolute Terms. —The absolute terms for northing and easting of each 
sgaton may now be computed and entered in Columns N and E, respectively. : te 
Each of these terms is the sum of the weighted closures of all lines entering a: 
pn its junction; it is the sum of the products of the weight of each line entering a 
e the junction by the sum of the closures in that line computed from the con- 
tiguous junction. _ It is essential that the sign and direction of each closure 
observed carefully, the closure sign being held if its direction i is toward . 
junction whose equation is being and reversed if its direction is 
from the junction. For example, N for Equation (1) is 1.042 (0) + 1.562 ; 
4 (+ 5.92) + 0.909 (— 4.02) = + 5.593; E is 1.042 (0) + 1.562 (+5. = Zz 
+0.909 (+ 0.03) = +9. 134, Similarly, for Equation (7), N = 0. 625 
444.85) + 0.397 (— 4.02 +. 1.46) + 0.746 (0) = + 6.809; E = 0.625 (— 3.86 ae 
= 3.68) + 0.397 (+ 0.03 — 7.69) + 0.746 (0) ox 7.754.. The absolute terms a 
¥ should be computed to the same number of decimal places as the coefficients. 
all the absolute terms have been computed a and entered in Table 3, 
% the adjustment equations are : complete and may be checked. The absolute __ 
7 terms s! should be checked first, as follows: Compute the weighted closures of = ‘a 


all lines into all the fixed stations in the same manner in which the absolute oS 


3 : terms were computed; write the sum of all these northing closures (+ 3.741) se 7 
: at the bottom of the (N)- column | and the sum of all these easting closures Ms 
(- 2.992) ‘at the bottom of | the (E)-column. Including these items, 
“sum of all entries in each of these columns should be zero, or very nearly so. 


columns be checked recording only the of te 
nothing | and easting closures into the fixed stations (+ 0.749), and adding 


ego ae computing all sums of products, the individual products need not be 
recorded, but should be accumulated in the computing machine. For this — 
purpose the decima! points should be placed properly on all the dials, and 


should be observed carefull in all o erations. Only the keyboard and multi-_ 


— 
— 
— 
= 
tee 
— 
— 
— 
— 
— 
ia 
— 
= 


a machine. Negative products are obtained with the reverse multiplier. The 
product dial is cleared only when the desired sum has been recorded. 
Column.—The column at the right of Table 3 offers a further 
check on the formation of the equations, ; as well as a step-by -step check on © f 
the solution. The (S)-item for each equation is determined by adding to the 
. Se negative sum . of the weights of all all lines entering a junction from fixed stations : 
the entries in the (N)-column and (E)-column. For example, at junction 1, aR) 
: e lines d and e enter from fixed stations; therefore $1 equals minus the sum of — 
ha the weights of these lines plus N plus E, or — (1.562 + 0.909) + 5.593 + 9.134 
= + 12.256. At junction 3, only line a “enters from a fixed station; hence 
$3 = — 2.174 + 0 900 + 0.000 = — 2.174. | There are no fixed con- 
tiguous to junction 2; therefore, equals the sum of N and E, or — 4.865 
ee _ When t the (S)-column i is completed, the sum a of all entries on line la through " 
N and E should equal S1 exactly. The sum of all entries in Column (2) 
- and on line 2a through N and E should equal $2. Similarly, the sum of ‘i 
Column. (3) line 32 should equal S3. Thus, each equation is checked 
a by adding its column down to the diagonal term, then across through E, to 
its (S)-entry. A mistake i in coefficient will appear as a discrepancy 
in the check of the two equations containing that term. A discrepancy rs 
peculiar toa particular equation indicates a mistake in either its diagonal term “ t 
Solution of ‘Equations. —The equations in Table 3 may now be by 
the Doolittle method‘ as shown in Table 4. ‘The detailed solution especially 
adapted and simplified for use with a computing machine i is explained with a. 
instructions in Appendix Il. The (N)-, -, and (S)-columns are 
treated identically i in the forward solution, the check « on the (8)- oer being @ 


ia 


"Corrections —The (CN)- of the back. solution are 


with arrows pointing to the line at the extremity of which the correction is = 
anf applied. — It should be borne in mind that these corrections apply to the 


‘position ‘closed. upon at each junction. correction to the extremity of 
the ‘closing line may be determined by subtracting the junction closure from 
the computed correction. Thus, at junction 1, the computed correction 


applies equally to lines ¢, d, and e. At junction 7, the computed correction 


4“Adjustment of Observations,” by T. W. Wright and J. ¥. Haytord, Edition, pp. 114-121. 

Detailed instructions for the solution are given in several publicatio of the U. S. Coast and Geodetic vie mt cs 
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app pplies to lines m n; the northing the of line is 0. 

— (+ 4.85) = —3. 88; its easting correction is — 4.13 — (— - 3.68) = — 0.45. Rw 

ffi The corrections to lines at fixed 1 stations are equal and opposite to the closures 


on these stations. 0 the ends of. 
- line represents the correction to be distributed or prorated through the line. bey 
Final 7 Test. 
final may however, to test the of the 
i According to the theory of least squares, the most probable values for the 1 ta 
J corrections should satisfy the condition that the sum of the weighted ec a OU 


rections applied to all lines around a given junction will be zero. This test a 


— be applied around each numbered junction by multiplying the weight of pe ~ 
each line entering it by the difference of the corrections | applied to its ne a 


-tremities. For this purpose, the N- and E-corrections may be tested together, a0 


the corrections at the far end of each | line being applied with their proper signs, 


= 


(1.042 (— 0.98 + 1.80 — 1.30 — 3.13) + 1.562 (+ 5.92 + 5.83 — 1.30 — 3.13). 
g + 0.909 (— 4.02 + 0.03 — 1.30 — 3.13) = +0.02. In view of the number and 
‘magnitude of the items included i in this test, the discrepancy of 0.02 is reason- _ 
able, and indicates a satisfactory adjustment. The same test may be applied | 
to all numbered junctions in the net. In using y lines f and 1 n to check at junction | 
7, the break at station 7’ 4 should be considered, thus: 0.397 (— 4.02 + 0.03 _ 
A + 1.46 - 7.69 - — 0.97 + 4.13) + 0.746 (0.00 + 0.00 — 0.97 + 4.13) + 0.625 2 
'” (- 0. 48 — 3.15 + 3.88 + 0.45) = — 0.01. In this example, the ‘discrepancies 
“at the eight numbered junctions. vary from 0 to 0.02, with an average value 


brief summary of the operations required for a complete adjustment 


net, the preliminary computations should be completed ‘and the > 
and E-coordinates, or "the latitude and longitude, should be determined for 
each junction. For ¢ level net the orthometric elevation of each junction 
point should be determined. the operations of the adjustment 

-dosures, and weights of all lines. Number all junctions, excep those at ‘fixe 


similar to Table 3 for 


at the ends of that line, using only those spaces to 


r in the (N)- and (E)-columns, respectively, oe | 
F Pham closures in northing and easting of all lines entering each numbered 


—. 
* 
and those af the noar ond with reversed signs HOT syamnie | 
4 
— 
1 
— 
ay 
— 
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— 
Z 
3-—Compute the diagonal terms as the negative sum of the weights of all _ 
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junction. Ina ‘Dovel adjustment, of course, there would one absolute 


4 


ah 


- to of all lines entering its junction from fixed stations, plus its (N)- a 
ike (E)-entries. Add each equation down its column to its diagonal term, then eid 
through its absolute terms to equal its (S)-term, exactly, 
> yp ot —Solve the equations by the Doolittle method, forward and back solutions. ae 
a ws 109 —On the adjustment diagram, enter the results of the back solution as — 
* corrections to the lines closed upon at the numbered junctions. silage £8 
a le -10.—Subtract the junction closures from the computed corrections to 
determine the corrections at the ends of the closing lines. 
a tad 11.—Test the adjustment | by comparing with zero the sum of the bees: 
- ations in all the lines around each numbered junction. ss 
-12.—Distribute or prorate the difference between the end corrections of 
21 i we line to the stations in that line, to complete the adjustment. — gt 
hove 40 Waly al. S004 = (618 = OF £6. 0 50, 
vata is believed that the results of any survey, even a poor one, can beim- 


a proved by appropriate. adjustment, so that all parts of the ‘survey ‘shall fit 
et together with mathematical nicety after the computations are completed, In 
other words, any survey worth making is worth i improving at small additional e 
cost by careful adjustment. The r elatively small cost of adequately adjusting if 


a survey undoubtedly improves the results to a greater degree than could be “ahi 
obtained by a similar expenditure for improved field technique. Obviously, 
4 poor ‘work cannot be made good by adjustment, but the data resulting from 


4 any survey can be improved in value and usefulness if all mathematical in- a: ; 
consistencies are removed, When the funds available: for a survey are limited, — 


end it is believed desirable to reserve a portion of the r money for the purpose of xf . 
In traverses, except for the most precise geodetic surveys, it is customary o 3 
to combine all accidental errors in the closures of latitude and longitude, or f2 

latitudes and departures. I In this respect, practically a all methods of ad justment aut 


agree. Beyond this, variations exist, from adjustment by “estimation” or 


CC to adjustment by least squares. w For any adjustment, regardless of 
_ method, it is desirable that a diagram be to show the various closures 
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1S ible in accor bh a consi ion at any 
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“junition shall be a mean of th the « corrections brought in the 


ie junctions (see Appendix I). This principle i is in perfect ea with | 


are set up by inspection deeen the adjustment diagram are identical in every 


‘respect with the normal equations that would be obtained | by | the use of the 
Vv ‘method has a 


observation-equations method in least squares. This new 
definite advantage over the latter in that the equations may be Fe * 
inspection, requiring no auxiliary tables. It has similar advantages over he B. 4 
ee - condition-equations method, in that a table of correlate equations is not needed, — 
and the ‘solution of the adjustment equations gives the desired corrections 
directly, without the » necessity of applying the correlates the correlate 
equations and computing the line corrections before the junction corrections 
Mb believed that the method of olbenmene described herein is so osimple — am 
+ to be easily understood by any one familiar with the elements of erie 
and of algebra. ‘ Although the Doolittle method is suggested as the shortest — 
known method of solving the type of simultaneous equations obtained, these 


satin may be solved well the usual algebraic methods. ¥ 


is not to have the effect that the name “‘least squares” 


ey has upon most surveyors— —the suggestion of something too complicated to ae 
understood except an expert mathematician - Some technical 
7 
carefully, a complete adjustment can be by a Yamin with the u 

As compared with cruder methods of adjustment, | this method ae 


— additional work for the theoretically most probable distribution of the 
errors. The only y work peculiar to this method is the writing 1g and solving of 
the simultaneous equations. In this respect there is a compensating savin g 4 
labor, in a traverse in that corrections for ‘both 3 


7 4 “method for a level adjustment, this method gives a more balanced adjustment 
bi" eliminates the need for exercise of judgment in the selection of junctions, and 
-permits adjustment of an entire network at a single set-up. 1 ‘The time required — 


an ordinary level net by this method Compares favorably with, a 


fo adjusting an or 


that required by the Baldwin method. 40.0.1 sail xd. 


 ) Because this method i is suitable for the adjustment of any type of line — 
survey, another possibility becomes apparent. In many surveys it happens 


g horizontal and vertical control for all monuments. i. If the lines are 


termining 


‘igs 
4 
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Re 
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Welgiius LO De Used OF any vac levels are in the Same ratio 


am This method of adjustment was developed in the Section of Computing, of 4 
i etween 1936 and 1938. The short-cut approach a 


* the theery! through simple algebra was suggested by Mr. Norris; Mr. Speert i 


of the Section. This paper is published by permission of the Director of the 
_ Geological Survey, United States Department of the Interior, 


wile 


‘Inthe simple level net shown in Fig. 2, line A D C runs from bench sas 


| (he elevation of which is fixed) to another fixed bench mark, C, closing on 


P 


oF a bench mark C with an error of + 0.03 ft as indicated by the small arrow at 
a 4 a pe point C and the number + 0.03 (this means that the elevation of bench mark _ 
ail C, as determined by line A D C, is 0.03 ft greater than the fixed elevation of | of 
aa bench mark oy" ‘Similarly, line B D begins at fixed bench mark B and closes oe 
on on bench mark D with an error of - “0 05 ft (or the elevation of bench mark | D 
as determined by line B D is 0.05 ft less than the unadjusted elevation deter- ov. a. 


mined by line ADC). Assume also that the lengths of A D, B D, and DC A 
re 5, 10, and 8 miles, respectively. “eed 


Boe For the adjustment, the lines are to be weighted inversely as their lengths a 
Be i or in the ratio 2.00 : 1.00 : 1.25, as indicated in Fig. 2. This adjustment is a 
based o on that the elevation of bench mark D is to be 


= e weights to be used for adjusting the traverse, or can be made so, then | 
sea 
x traverse and levels can be adjusted at the same time by using three § 

= ute columns in the adjustment equations instead of one or two. With se j oe 
a absolute columns, the (S)-column should include the effect of all three, __ i 

| 

4 


i. mean of the elevations brought in through the various lines. tying to ei ea 


This principle is in strict accord with the principle of least squares and may be 


| ee readily derived from it. The weighted mean is most conveniently obtained by can 


considering corrections and closures instead of actual elevations. The « correc- 


correction to line C D at point C (to correct the closure of + 0. 03 ft) avast be 

” sh 03; the correction to line B D at point Bis zero. As there are no breaks in 
ew between bench mark D and the indicated | corrections at points A = 
and C, the corrections at these points may be used for weighting at point D; Bi 

in order to refer to a common elevation at point D, the closure of — 0.05 must 

; be added to the correction at point B before t the latter may be weighted at 
a bench mark D. _ Then the weighted correction at point D r may be computed as = 
the sum of the products of the various line corrections by the weights of their i 


— lines, divided by the sum of the weights; that is, ioc) to 


D represent the corrections at points A, B, C, and D, fart ad, bd and 
-< represent the mathematical breaks or closures in the lines A to D, Bto D ae 


and C to D, respectively; and Poa, Poa, and represent the weights of the 


; _ Poa (A + ad) + Poa (B + bd) + Pea (C +d) 
(Pea + Poa + Pra) D Poa (A) + Pra ‘(B) 


q Pra + 


that cd ‘Tepresents tl the closure or in 1 the line to de 4 


Ps Equation (10) represents a general equation for the correction at any junc- — a 
‘i tion in terms of the corrections at other points and the 1 mathematical breaks in 
of the lines connecting the junction with the other points. 
_ narily, the Baldwin method has been used to determine the correction at a 
particular junction when the corrections at the other points have been known. a 
Extension of Baldwin Method.—The same may be applied t to & more 


, as indicated in Fig. 4. 
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junction the ‘used to that junction; the of a line by 


letter P and the subscript letters of the ends of the line; and the perwiti +4 0 gi 
_ breaks in continuity in any line by the lower-case letters of the ends of the line, ike 3 


thus: The break or closure i in B to Dis bd, that in D to Bis db = — bd, etc. -u4d ae 
As A, E, #H, and L are fixed points, their corrections are known from the 

closures at these points, and need not be computed. Equations similar to a 
de Equation (10) may be written for each of the he remaining junctions. Thus, at B, a 
~ (Pes + Poa + Pos) B+ Pas(A) + Poa (D) + Py (F) 


» 


= breaks of the lines into the | junction “ the deroritowng of these lines) i is desige a 
Py (B) + Pas (A) + Poa (D) + Pry (F) + Qs. 
oe Similarly, equations for the other junctions t to > be adjusted may be written en as “ae 


0 P; + + Pry (B) + Pre (@) + Py 4 


OF 


| 


ld 


@ + Py (K) + Pre (F) + Pog (D) + Qe. 

4 Pj (J) + (H) + Pri (F) + (K) + 

=— - Pr (K) + Pix: (J) + Pox (G) + Pu (L) + 


are six unknown corrections and six equations, a rigid 


me: Equations (18) to (18) may be written most conveniently by inspection in 
the form of a table, the unknown corrections being used to designate the aa 
ac my —— in which only the numerical coefficients need be placed (see Table 5). + 
If the equations are written in the same sequence as the columns, it will be q 


- seen that the negative terms form a cae about which the table is anil 


4 


down with the same results. “This makes it possible to condense the 


table by omitting all coefficients to the left of the “diagonal” terms. Then ‘od 
i/ ‘a equation is read down to its diagonal term and across through its absolute term. 


— 
1390 

— 
a a a. “ab + Poa + Pog (the sum of the weights of all lines entering junction B)is 
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give equired junction corrections (see ‘Appendix signe 


This method of adjustment i is not only suitable f for levels, but it is even more = 
; i advantageous in its application to a traverse net. Instead of a ‘single closure © 7 a 
at each junction, | a traverse has two closures—in latitude and in 


pladeatly and, in other methods of adSustment, require individual treatment. 
ee? _ However, by the method presented herein, the equations for the corrections — ; 
at any particular junction are identical | except for the absolute or Q- terms. fo 
a Thus, both sets of equations may be combined in a single table, similar ‘to. ar ; 
_ Table 5, but having two absolute columns—one for northing and one for easting. 4 a 


‘The effort required for the solution of both sets is only slightly greater than | 


4 
that required for one alone. aT ito eres tig gurelqithna 


column is added to. the table. . The items in this column are 
> abide each being the sum of the coefficients and absolute terms of its equa- a 
eS tion. This sum column is not an essential part of the adjustment, but makes it: an 
possible to check each step before proceeding to the next. 


SIMPLIFIED OF ApsJUSTMENT Equations } BY THE Mernop 
The Doolittle method is a semi-mechanical method for solving simultaneous aN 


; equations of the symmetrical type formed i in this ‘method of adjustment. — Iti is 


many equations to be solved simultsneously,, and is particularly adaptable to — 
- the use of a computing machine. — By this method, as by others, the equations i 
a combined successively, one ne of the unknowns being eliminated at each step. + : ’ 
When all the equations have been combined, the resulting equation contains — 
= one unknown , which may be evaluated readily. _ In’ the back solution, ‘the 
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“oF In Tables 3 and 4, the original equations have been saeioaiil on vthe a-lines, 
_ and each equation is read down its column to the diagonal term, then across 
4 through’ the absolute terms. The b-lines, in Table 4, contain the combined a 
5 tions, each of which includes the influence of those se predediing it. Because of the 
elimination of one additional unknown, combined equation contains 
: term less than the e preceding on one. The combined equations, on the b-lines, ‘are. ie 
read straight across. The equations on the c-lines are mathematically identical — 
_ with the corresponding b-equations, but they express the principal ‘unknown as 
- an explicit function of the remaining unknowns. The items on the c-lines are 
multipliers to be used i in the formation of the combined equations on the 
s + succeeding b-lines. It is obvious that in the first equation the a- and b-lines are 
identical and ne need be written only once. 
4a The procedure for « combining and solving the equations follows a: few definite 
rules; when once mastered, it becomes almost mechanical and requires practi- 
a cally no mental effort. The method is best illustrated by completing the solu. 
tion of the equations in Table 3. The complete solution is shown i in | Table 4, , 
_ ph t The first step in the solution is the formation of Equation (1c) from Equa- a 
(1b)... Equation (1) represents 3 
> corrections at all other junctions; therefore the entry in » Column (1) ‘(the nid 


the its ¢ coefficient should be made — 
The negative reciprocal (0.284657) of — 3.513 is entered, for convenience, in ‘ 
Column R at the left of the table att is multiplied by t the items on line 1b to 
give ‘the items shown on line le. _ Line lc may now be checked by adding. it 

i across through the absolute columns, including — 1.0 for the first term, to equal 
-item, very nearly. small ‘difference may be due to the dropped 

decimals beyond the last significant figure. In the 


The next step in the solution is the! of by combining 
ming (10) with Equation (2a). In this step, e everything to the left of d 
~ Column (2) is ignored and each Shem is in 1 Equation | (18) is ‘multiplied by the 
(1c)- term in Column (2); then it is added (2a)-item in its own column. 
Thus, Equation (2b) is formed as follows: To 


1.042) x 1e-2(+ 0.2966) + 2a-2(— 2.737) = 2b-2(— 2.428) 
1e-2(+ 0.2966) + 2a-3(+ 0.862) = 26-3(+ 0.862) 
‘Le-2(+ 0.2966) + 20-5(+ 0. 833) = = 2b- 5(+. 0838) 


1b-N(+ 5. 593) X+1e-2(+ 0, 2966) 4. 865) = = 2b- 3.206) ) 
(+ 9. 0. 2966) + 2a- 0. 887) = = 076) 
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Column (3). Equation (2b) may now be. checked by adding it across to 
its (S)-term, very nearly. Equation (2c) is formed from Equation (26) in eee 
exactly the same manner as Equation | (1c) was formed from Equation (1b). 
cae checked by adding it across from — 1. 0 through the absolute columns | to 
a _ Equations (10), (2b), and (3a) are now combined to form Equation | (30). 
ae this step, everything to the left of Column (3) is ignored, and the c-items in ee 
- Column (3) are used as multipliers for their respective b equations. As there is 
no item in le-3 (giving a zero multiplier), Equation (1b) drops out of this step. eee 
Each item in Equation (26) is multiplied by item 2c-3 3 and then added to ie oe 
item in its own column to | form Equation (3b). my 
(3b) is added across to check on its (S)-term. Equation (3c) 
ry formed from Equation (3b), and checked. This same routine is followed 
¥e throughout the forward solution. The first four equations are all short ones a 


and arecombined easily, asexplained. 


Equation (56) is formed by combining Equations (10), (2b), (3b) ), (4b), 


as and the c-items in Column (5) are used as multipliers for their respective ‘S 
b-equations. As the there is no item in le-5, Equation (16) drops out of this step. 
oo compute an item in any column on line 5b, — each b-item in — 


+ x 3e-5 +4 4b-N x 4e-5 + 


ways using: the c-items in Column (5) as the multipliers for the corresponding ; 
bi items in the other columns. _ Equation (5b) is now checked by adding across 
to “a S. Equation (5c) is formed by multiplying Equation (5b) by the nega- 


Es - (5a). In this step, ev erything to the left of Column (5), Table 4, is ignored, Py a 


ciprocal | of its principal term, and is checked by adding across, including _ 6: oe 4 


to equal 5e-S, very nearly. Equation (66) is formed by 

the previous with | Equation (6a) as as already explained, and 
Back Solution —The same routine is is follow ed to the formation and check of © a: 
Equation (8c), which expresses the correction at junction 8 
funetion of no other unknown. In other words, the corrections at 8 
in n the columns on line 8c, are - 


— 
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— 

| — 
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iii 
= 
— 
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lines CN and CE, respectively, in Column (8) of the a 


Le: 
a check, 8c-8 i is ‘in Then, in + CE.= 1 0000 
should equal CS, very nearly. (This. check was already applied on line 8¢, 
= 30 The corrections at junction 7 may be evaluated next. Equation (7c) ex. 
< > presses each correction at junction 7 as an explicit f function of the correspondin ee 
correction at junction 8, which is already known. corrections at junction 
(which will be called, oollectively, C8) are therefore substituted into Equation 
* fi (7c) toevaluate C7. As these corrections, in reality, are independent variables, 


it will be necessary, in the back solution, to them and to 


The (CS)-item i is not a correction but is as on the others. is 
computed in the manner. For the check, as before , CN-7 + CE-7 
—1 0000 = tu 
2 Equation (6c), and} is checked by adding CN, CE, and — 1.0000 —— CS, Pe 
X 6c-7 + X + 6c-N = CN-6 


+ CS-8 X 6c-8 + 6 


In like all evaluated corrections are substituted into 
a the next preceding c-equation for the evaluation of the corrections at the next 
° - preceding junction. The same check is applied to all; namely, CN + CE 
— 1.0000 = CS. Note that in Equation (5c) there. are no items in 
(7) and (8); C7 and C8, therefore, do not enter into the computation of C5, — 
as their multipliers are zero. Similar conditions a are found throughout -. 3 
pe remainder of the back solution, materially reducing the labor required for this : 
; part of the problem. When all the corrections have been computed and 
to C1, they are entered on the on 1, as 
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ON METHOD FOR ADJUSTING SURVEYS ii 


H. J Assoc. M. Am. Soc. C. E. (by letter) 
- shletiting description of a simplified | adaptation of the junction point method 


to the adjustment o of level and traverse nets i is s presented in this paper. It ma may 


ae obtained by basing the adjustment upon appeopeiate circuit-closure and route- _ 
~ closure conditions. It should also be observed that in applying the ro lal 

- point method it is necessary that at least one point in the net be treated as is 
fixed point, or otherwise an indeterminate system of result. | 


oo pity argit 2040 0.02, 


| 


0.04 


281~_-030  —0.16 
q — 

md = 


of the normal equations is unexcelled for use 
te offices s where the execution of intricate adjustments is a major occupation. or 
Infact, axisymmetrical systems of equations are so frequently encountered in , a 
various branches of engineering that it would be highly desirable to include the — a 


Doolittle method in the mathematics requirements of all engineering students. 
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a DELL ON METH R ADJUSTING ‘SUR 
_ For organizations or r individuals having to. deal vate scala with ad- 
justments of the type. under discussion, or for classroom work where an ade- 
quate supply of computing machines may not be available, the solution of the 
: equations by s successive convergence, with slide rule, , offers a satisfactory substi- 
oa tute for the more | precise Doolittle method. Such a solution is illustrated i in 


01 
| 


a 


- authors. The absolute term at each junction is shown within @ square, fol- — 


2 lowed by the sum of the weights, =P. In the first cycle, the absolute terms, — ‘eck 
/ augmented by corrections carried over from adjacent eragese points, are dis 


lines. In succeeding cycles, only the preceding set of corrections are 
brought over and distributed. In each cycle the sequence of adjustment fol- 


‘Starting with junction 1, 5 = 1.66) is distributed itl june- 
51 


ogee 


+2.64 


= 


& 


-7.93 


=. 


$016 | +0. 08 
+0.08 —0.34 
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ors 


90 27. 46 
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— @ = 15.90 
— at 
— | 40.23 ] 
— Maximum | 50.36 | 30.50 | 48.07 
—— 


re ins distribution toward junctions 1, 3, and 5 being — 1.22, - 101, and — 0. 7, . 
4 at junction 3, the quantity to be distributed i is yore 
0.00, or 1.01, of which 9882 (2 9.25) and 9782 — 0.20) are die 

tributed toward junctions 2 and 4, it complete list of the quan- 
tities to be distributed is given in Table 6, and it is seen that after 4} cycles all 

: equations have begun to converge e consistently. The fifth set of corrections in a : 

Fig. 5 is the result of series summations, obtained by multiplying the fourth set _ 

a corrections by the summation factor, which is found as follows: The absolute 

sum of the last set of eight quantities in Table 6 (= 1.67) was divided by the 


absolute sum of the preceding eight quantities ale 3. 3.59), giving 0. 465 65 as the 


te average rate of convergence, r. . The summation factor, = , therefore, 3 is hay 2 


6. 87. The final values shown in Fig. 5 are the unknowns of the adjustment 
alge and are obtained by dividing the sums of the various columns by the 
With regard to the opening paragraph of the authors’ “Conclusion,” the 7 
writer agrees that mathematical inconsistencies should eliminated by adjust- 


- inclined to guard against placing undue reliance on npr improvement, and 
+ toe es that a high standard of precision can best be insured by rigorous field : 
work. The results of a least-squares adjustment depend largely upon the 


ae weights and, in a quantitative | sense, surveys of high order are much less seri- 


ously affected by errors in judging the weights th than are surveys of relatively — 


‘to determining the effects of e errors in the weights. As 


Foor) IN THE UNKNOWNS Ci, Can, ( Csz T 


| | dCw | dC 


0.82] +1. | +0.70 | -0.09 | +0.25 
1 | +0. +0.14 
4145 | 40.53 +0.19 | +0.11 
+0.98 42.21 | 
| -1.90 -7. 
41% | 4951 | 
6. 55 | 
$0.43 +550 | -4.54 | 419.30 | 
40.87 +11. | +396 | +0.95— 
+043 | -7.05 | 45.58 9.52 -7.54 | -386 | +3: 
| —1.29 46 031 | 
| +079 | +0. $0.07 4 1 
0.07 40.35 -0.01 40.13 € 0.00 +0. 19 | -0.00 
| 40.72 | +098 | +025 | 
2691 | 3388 | 50.50 31.00 48.79 
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of the normal equations with respect to the weights, the 
+2 being based on hypothetical variations of 10% in the weights. _ The individual Ae 
effects of these variations in weight are shown in Table 7, quantities of about 
0.05 ft or greater being underlined, and the maximum combined effects being — % 
shown in the final line. For example, a 10% i increase in the weights of lines d a 
and e would produce corresponding changes of + 0.2366 ft and — 0.1590 ft, a 


respectively, i in the value of C,y, and the maximum combined effect of such 


errors in all weights would be 0. 5036 ft for this particular unknown. = 


a Because of the complexity of the factors involved, it appears not unreason- — 
to suppose that, unless great care is taken, the inaccuracies in the assumed 
weights of some of the lines may be as great at 507%. The effects of variations — 


weights of certain individual lines would produce corresponding 
of from 0.25 ft to 1.00 ft or more instead of the underlined quantities, andthe 
‘maximum combined effects of such errors or variations would ra range from 0.94 _ 
_ ft to 2.67 ft, approximately. However, if it were possible to limit the errors in a 


the weights | to the order of 10%, the errors: in the final 


It is thus seen 1 that, in use the least-squares to 
= advantage as a means of i improving the results of a low-order survey at & saving j 
__. in field costs, it is desirable that great care should be exercised in determining the 2 
a weights. Among the factors upon which the weight of a given line depends are: o 
(a) The length of line, (b) the number of instrument stations or set- -ups it con 

Ee tains, (c) the number of independent measurements (repetitions) entering into 
ab the data, (d) atmospheric conditions, (e) the character ¢ of the terrain, and i 
the quality of instruments and s survey methods, including the personal Be 


a _ tions or r relative skilfulness of the various observers. rs. It It would ‘appear | that a 


‘determining the weights would be a valuable step. a Pom 
“¥ _ The authors are | to be highly cc commended for presenting such a clear poms 


a really useful simplification of the method in question. 
_Howarp S. M. Am. Soc. C. E. (by letter) —After all is said 
ry and done, what appears simplest to each individual is that with which he md 


Ferny familiar with it; yet the writer, who attempted to duplicate a 
_ previously completed adjustment of a simple level net by the new n method, as & a 
means of comparison, was not at all fully convinced that the statement (see We 


if the instructions are observed a complete 
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edjvetment c can ‘made a clerk familiar with the use of the 
<3 “machine” — —was not slightly overdrawn. Now that he has actually made an 
adjustment by the method, and has found that the results agreed within « a Z 
unit in the last place with the results of the previous adjustment by another _ 
= ioe the writer can see that the proposed method has much to recommend it. a 
Henry G. Avers, Assoc. M. Am. Soc. C. E., has” presented the complete 
adjustments of a level net, including six closed circuits and either one or two 7 i 
fixed elev ations, solv by both the condition-equation and observation- 
equation methods. As a check on the method proposed by Messrs. Norris sand 
— Speett, this same net was adjusted by their method, and it was found that the 4 
resulting t table of adjustment equations, except the‘ ‘constant- term” and 


oa As to the relative speed of the various spiienie of a the writer is 
not yet “aR familiar with the Norris-Speert method to make an ee 


the adjustment of both horizontal and vertical control surveys is an advantage 7" . a 

_ The routine is quite mechanical and, once one becomes familiar with the details — mS ~ 
a the procedure, little or no thought need be given to the underlying mathe- 7c 
ze matics. A strict attention to algebraic signs, and care in the manipulation of = 


he computing machine, should lead to excellent ‘Tesults 

: However, the writer would like to caution any one who is attempting i 
the first time to adjust a traverse or level net by this method, and with no a. b 

- other "than the paper as printed, to select a small adjustment for practice 


Care failure to follow all the exacting detail may lead to en 


ie heen ceri in the paper. a ys suggests that it be included i in the closing oe 


- discussion. It should be carried at least as far as the formation of the complete ea. 
at of normal equations. An explanation of the application of the resulting = 
" corrections in the > case of a a level- net adjustment should a also be: included i in order 
to make the pa paper more generally use useful to those who may want to adj ust levels 


as well as traverse. 


M. Witson,”* M. Am. Soc. C. E. (by letter).— —In 1927 a readjustment 
- of the first-order triangulation net covering the United States was begun by 
9 _ the. 8. Coast and Geodetic Survey. The result changed, slightly, the geodetic — 


coordinates for. established triangulation stations throughout the country. 


* Corrections to obtain proper agreement with the re re-defined geodetic : reference : 


~ datum were thus imposed u upon all dependent surveys which had used those = " 


__**Manual of First-Order Leveling,” ' by Henry G. Avers, Special Publication No. 140, U. 8. Coast and i 
Chf., Section of Computing, U. 8. Geological Survey, Washington c. 
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0 ‘WILSON METHOD FOR ADJUS 
4 U. 8. Geological had in its files the ac ofi its 
own control’ surveys, consisting of triangulation done since 1879 and transit : 
traverse done since 1899, all referred to the old North American Datum. Be- 
cause of the great volume of records involved, it was a real problem to find an 
economical way to revise the results of these surveys to make them consistent * 
- with the new North American Datum of 1927. - The scheme eme adopted to a 
the older triangulation to the new datum has been described by Mr. Speert in 
; i The older transit traverse by the Geological Survey had been extended i into. 
areas far from supporting triangulation. however, ares of n new triangu- 
lation by the Coast and Geodetic | Survey pass through many areas where s sup-— 
port for the older traverse was needed urgently. In 1936, an allotment of | 
funds by the U. S. Public Works Administration made it possible to send out 
field parties to make ties between the older traverse and the new triangulation. | 
Thus the results of the traverse required revision not only because of changes i in- s 
te e coordinates of triangulation s stations from which the traverse was originally ; 
SS but also because of the strengthened ties to new arcs of triangulation. 
_ Generally th the trav erse in a loc local project was given simple line-by-line ad- 
perverse as soon as it was computed, and much of it was subsequently read- 
- justed one or more times due to the influence of newer traverse in later adjacent 
_-~projects. io In order that the effect of these old and sometimes doubtful loc 
= 3 adjustments m may ay be eliminated in the e general rev revision to the new datum, th 
separate lines or elements of the traverse net are now (1940) being taken from 
z. the records as originally computed, freed from the corrections of all previous — 
adjustments. ‘Then they ean be fitted together er again, simultaneously an 
upon equal terms, under the present conditions of stronger basic control. 
suitable an: and conventional ‘method of least squares was already 
= when these general revision a adjustments w were begun about 1934. Elements of 
_ the net were assembled into groups until a convenient number of circuits were 
| and condition equations, one for each circuit, were solved in the usual 
- manner. The volume of work thus accomplished is indicated by the following — 
_ data. The number of circuits in one solution usually was about fifteen, al- ay 
4 though a few contained as many as twenty-five, and one contained thirty-six. Mi 


ie q About 180 such solutions were completed, all together involving some 4 40, eal 


* 


e 
f 
( 


_ Out of that background the Norris-Speert method emerged. Now it is a 


= 


* number of unfixed junction points involved, rather than the number of circuits, 
ig that determines the size of an individual solution. _ The elements to be ade 
fifty « equations have been pe Seay "ae 1938 about seventy-five of these sol oe 
tions have been done, so that nearly 18,000 additional miles of traverse lines — 
7 a have been adjusted by the new method. | _ Approximately 43% of the traverse 
; ee done before the results of the 1927 triangulation adjustment were e available still 
a 4 needs readjustment, however. The Norris-Speert method has been used also 


— 


‘Readjustment of Triangulation Datum,” by Julius L. Speert, Transactions, Am. Soc. C. E., Vol. ad 
(1938), p. 1002. 


—— 


— 
7 
4 4 
— 
— 
— 
| 
— 
(| 
| 
— 
P 
a 
— 
— 
— 
— 
4 
a 
— 


= 


COE ON METHOD FOR A ADJUSTING SURVEYS” 


By 3 iene adjust a large part of the new wwavttee work of the Geological Survey, atthe 
rate of about 7, 000 miles per yr. It will be seen, therefore, that the method 
The paper seems well written, and it is difficult to imagine how the ideas 
sae it contains could be more clearly expressed. > Nevertheless, to one familiar 
with the computation there comes a feeling of regret that a really simple rou- 
a tine should be so masked, by the necessity of conveying it in print, as possibly ae ae 
to hide its simplicity from any one not having the perseverance to feel his way x 
‘The basic principle, which can be grasped readily by any one familiar with» - 
< elementary algebra, is stated in the third paragraph of Appendix. I thus: = 
ie “* * * the adjusted elevation of bench mark D is to be a weighted mean of the 
@levations brought in through the various lines tying to it. This is easy to. 
Rag achieve if the “lines tying to it” all come from points whose elevations are a a 
- fixed and known. The condition may be expressed as a simple algebraic 
equation. _ If a line comes from another point (called 6 G, perhaps), where the 
elevation is not known, the equation can still be written for the elevation of D 
_ by including the elevation of G as an unknown. Another equation can then 
_ show the elevation of G with the ele vation of D as an unknown. _ Then these 
two simple : algebraic equations c: can be solved simultaneously for the unknown > 
elevations at the two points D and G. Extending this principle, simultaneous 
- equations, properly weighted, can be written for all unadjusted junction points ia 


ofa complicated net. Solving them, the elevation determined at each junction 7 ——_ 
_ will then be “* * * a weighted mean of the elevations brought in through the . 3 a 
(= lines tying to it.” ” That principle is the important disclosure; the re- ie 
~ ‘mainder of the paper is a description of the computing forms and routines as 
used by the Geological Survey to apply the principle efficiently in practice. .: 
B. Coz," Assoc. \‘M C. E. (by letter) .—In present- 


_ ing a method that may be used by any surveyor, to adjust the results of his _ 
rk, the authors of this paper are to be commended greatly. 


ies 


N 
MG 
it is true that surveyors and designers alike tend to “shy away” from anything * 
that suggests higher mathematics, and the name “least squares” is something — 
to terrify the unwary. Consequently, the presentation of asimplified method _ 
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' is a genuine service to the profession, The writer searched many texts rbasns 


in connection with a a fairly extensive « contour si survey of | the town of Norris, 


and the Norris-Speert presentation 


that the paper would be pn 
_ valuable to the average engineer by an 
72320 ample of adjustment in a very simple oe | 
; 5.06 typical case of levels run to establish bench _ 
«: ef 96. purpose consider the notes in Table 8 
6s. reduced from a series of level lines. This” 4 
a sf 42.08. is the common case of running from one 
Levers aid marks; then running back, turning on each 
gai 85. mark, and closing on the original. A 
42. 10 set of readings is provided when the cross 
95.83 sections are taken and an additional tie to 
at i | a third fixed bench mark also enters the 
‘Fig. 6. For convenience, the closure 
riginally in hundredths of a foot, 


> 


Tre to Tarp Frxep Bench Marx results, 
7. 16) obtained by the first line run (shown in 


Fig. 6 as straight) are taken as the baie 
elevations, to which any correc- 


Cross-Section 


—— __‘ The lines are weighted inversely as the # 


number of turns. This is a reasonable as- 
sumption, as the foresights and backsights- 


are presumed to be equal and not longer ae 
_ than 300 ft. It is assumed further that the wae 


eross-section levels are not taken as care- 
levels and therefore the 
weights are made, arbitrarily, one half of 
those of the bench and check levels, as given 
in ‘Table 9. These weights are obtained by setting 3 on the Cl-scale of the = 
slide rule over on | each of of | the other 


thod,, 


following these general rules (eee 1 Table 4); 
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la-1 sum of all weigh ts entering 1, 
‘te 2 Sum of weights | entering 2 from 1; and similarly for 2a-2, = af 
Sum (weights x net closures) entering 1; and similarly for 


Check: Sem (weights x net entering bench marks. 
Place this sum at the bottom of N-column and add all 
td ff items in the column, which gives zero. 
S Negative sum of weights entering 1 from a fixed bench mark, — _ ; 
‘heck: la-S = sum ‘of allentriesinlinela; 
ie! a 2a-S = sum of all entries in line 2a, plus all in Column (2); _ 


TABLE 9.—Wercuts Appiiep To LEVEL Nores 


1 | 12 


Bench and check levels . . . (0.25 


ABLE wext Equations 
0. 


| +2.25 
(2) 
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general rules see Table 
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all entries in line by | 1b- R and enter results i in le; 


e next a-entry below to get the next b- entry; 6 
6, Any final b-entry is the sum of the products of all b-entrie and c-entries 
= All b-lines in column N are filled by multiplying all b-entries ve by 
- the c c-entries in the column in question and adding the a-entry; ad 1 ae 


Similarly for the b-lines in column 8; = 1bN » 
the « c-entries in columns N and 


11 OF ApsustMENT Equations 
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= 

| 

+1.45 
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40.68 | 4038 | -3.24_ 


is 
th 
di 
th 
A 
al 


hy 


ecu 
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—0.02 


EN Gno.oft) -0.753 | -0.150 | —0.938 | +0.169 | +1.168 
762 | | -1.938 | | +0168) 


CNinfet 00 | —0.01 +0.01 
Basic 80. 95.83 65.37 | 42.08 


he , backwards for each individual correction, shown at bottom m of Table 


1. Correction at last bench mark is the same as 


2. To obtain any correction, multiply 
” by the c-entries in the line of the wante 
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— is the 

— | +151 | -146 | <1.77 

= 
the last c-entry in the 

— ddtothe N-valuein 


Check: Fill out, the CS-line by the the same wine: the S- S-entries. 
‘Then ( -CS= 


= start their adjustment of the 1 net o on this assumption. ‘Thee computation 
of all corrections simultaneously shows the fallacy in this reasoning, as the most — 
probably © correct differentials prove to be 12.83, 19.66, and 17.08. 

i oe Inasmuch as the final elevations in this case are are only to the nearest 0.01 ft, 


“the mechanical process by the additional ull example set forth in this 


discussion. _ Acknowledgment i is made to Mr. Speert fo for his suggestions as to ie: 
application of the new method to this typical example. 
Grorce D. Waurrmorz,” M. Am. Soc. C. E. .. C. C. Miner," Assoc. M. ‘ing 
Au. Soc. C. E., anp W. O. Byrp,” Esq. (by letter).—The method of traverse 
~ and level adjustment described by the authors is correctly termed an “im- =a 
and “simplified” method. Since e April, 1939, these methods have been 
used consistently by the computing personnel of the Tennessee Valley Authority — 
_ (TVA), to the exclusion 0 of all ll other methods, for all traverse and level surveys 
a third-order or less accuracy. The authors infer, and the writers agree, that Ce 
the described method may not always be ideally suited for adjustment of ‘most 
_ precise geodetic traverse” (first-order accuracy), since in traverse | control of R, 
such precision, it is not always feasible to assume that all closure errors remain- 
ings ing after an azimuth adjustment are accidental errors of latitude and departure. | 
In the cases of first-order and second-order level networks, the TVA computers _ 


ie - continue to use the least-squares procedure recommended by the U. S. Coast 
A point which always should be included in a paper on surveys adjustments 
_ is this: If the results of a traverse survey are to’ be published for use by other 
organizations and individuals, it is suggested that an inverse computation 
3. should always be made for each course of the traverse, from the finally adjusted - 
coordinates of each pair of adjacent traverse stations, to determine an azimuth» 


of Surveys, Maps and Surveys Div., TVA, Chattanooga, Tenn. 


-“Chf. Computer, TVA, Chattanooga, ‘Te. 
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each will agree exactly with the yelled 
adjusted coordinates. Otherwise, the preliminary or unadjusted azimuth i 3 
_ distance usually will disagree slightly with the values computed from patos is) 
“a coordinates, often to the confusion of the casual user of the traverse survey, 
; i writers concur with the authors’ statements that: (1) Results by the. 
“improved” method are identical results by the conventional least- 
‘squares method; (2) results by the “improved” method usually. seem more 
~ logical and more consistent than results by the junction-point method; and (3) 
the labor involved in using the “improved” method is is not greater and i is often 
than the labor required for any cruder method. 
The writers are glad to note that the authors have stressed the use of a 
diagram as a desirable preliminary of this method. A detailed diagram showing — : 
the magnitude and signs of closures, direction of closures, length of line, or adil 
* data fixing weights, is almost an absolute prerequisite in any method of adjust- 4 


:e ‘ment. As emphasized by the authors, such a diagram shows at once the lines - he 


having largest closures, and the locations of lines most likely to contain the large yi 

a errors. _ Most really experienced survey computers appreciate this and make og 

use of adjustment diagrams accordingly. There is a decided tendency among a 
inexperienced computers, however, to try to work without a diagram on which 


all essential data are shown. ~ Henee they often become hopelessly confused and 
end with results far different from those which the mere inspection of a diagram ae 
= would reveal to be the most logical el it does nothing else, the diagram gives 
ae computer an over-all or “‘bird’s-eye view” of the system which he is mel ke ; 
a if if the computer is is to « do more | than mere 


hetween the determined length and by the number of 
oe ups. In this connection, it would appear that no harm would result ve 


vi 
rounding off each 1 weight value t tot the nearest single decimal place, although, of 


of decimals. _ The authors suggest that where level control lines are parallel to f 
the traverse lines, corrections can be determined through one solution for both hig 
‘ the traverse coordinates and the elevations. In such a case, the use of the 
_ number of instrument set-ups in each traverse line as the basis for its weight 

_ may not always prove to give the most t logical weight for the parallel level line. ee 

Computers who face the situation of paralleling traverse and level lines should Lan 

- consider, thoroughly, this matter of best weights for each type of survey before ray 

- combining the level and traverse adjustments i in one solution. For instance, in cid 
adjusting levels, the weight for each line eould be based, conceivably, on any at 
4 one or any combination of the following: (1) The number of level- instrument any 
set-ups; (2) the total difference of elevation (including both uphill and down- Bae 

i hill); (3) the length of the line; (4) the average length of sight; or (5) (as sug- — 

i “ges gested i in the paper) the number of transit stations in the parallel traverse line. ee 
_- The unique feature of the method described appears to be in the use of ee 

unadjusted position or elevation value at each junction point, of i in the 
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_ SHELDON ON METHOD FOR ADJUSTING SURVEYS _ 


attempt to determine: first an approximately value» which will ie 
- quite near the finally adjusted results. Through this procedure, a considerable — 
portion of the he ' ‘assumed-minus-observed” terms becomes zero, thus onli 
; reducing the number of operations and making the e adjustment more completely , ‘ 
_ adaptable to machine computation. It is found that by using the adjustment 
y - diagrams as recommended by the authors, the adjustment equations of the __ 
“improved” method can be tabulated from the diagram immediately, thus 
diminating the necessity for preparing the usual auxiliary and correlate tables 
A of the conventional least-squares procedure. ye - 
 Itis found, as stated by the authors, that an mechanics of this improved ¢ 
ingen are very simple and can be Gund quickly even by freshmen coopera-— 


oes adjusted or caused to be adjusted ma: many hundreds of miles. ot both traverse - 
as and levels by using this ‘ angers ” method, and recommend it in every way. 


— 
2 4 


C. SHELDON,"* Assoc. M. Am. Soc. C. E E. (by letter) .—As progress 
ieee engineering a and surveying increases the n need for, and use of, , coordinate sys- Py 
tems of surv eying, in which all traverses are closed on points ¥ w ith fixed positions, oy 
M4 the need for a satisfactory method of adjusting the closing errors of the traverse a 
ae is is correspondingly increased, _ The method presented in the paper fills Z 
- this need admirably. It wa was the writer’s first thought that any method that 
~ used the typical Doolittle method for the solution of the necessary simultaneous = 
_ equations would be too difficult f for the average engineering office to use. The a 
‘authors, howev: ver, have so ‘simplified the preliminary work of forming. the — 
eyations ” to make the method easy to use by any office with a computing tg 


be _ The writer has applied the method on a traverse net that had previously 
by been adjusted by another method. The net contained five fixed stations and 
eight interior junctions. The previous adjustment had been by what Might be 
_ called “‘the single-line” method, or “path-of-least-resistance” method. That is, 
the field data between two fixed stations were computed into latitude and 
longitude increments in feet, after which the errors of closure at the second ~ 
fixed station were istributed over the traverse in proportion to the lengths 
2 of the courses. After this distribution, the points: on the line were considered as 

- fixed stations and any lines starting or ending on them were adjusted to i 
_ The fixed points were” triangulation stations that had been placed and 
-— djusted so that, without question, their accuracy was of a higher degree than 


— 1:10 000. The field methods used i in Tunning the | traverses were such that & 


| 


> 


f 


= 


aa? 


accuracies | of 1: : 10, 000 could have been expected ‘and 1: 5, 000. was required. a 
. The lines running between the fixed stations were well within the requirements, a8 
but several of the ties betw een the it interior junction points were not. ae eel 


The corrections to the traverses, to make them close on the fixed points, 


junction points, by the single-line method were: Minimum 1: 9,000, maxi- 
hum 1:3 ,000, and the average over the 1 net 1: 6 6,000. ‘After adjustment by 
the authors’ method, the corrections to the traverses to make them close on the a 


points were: Minimum 1 : 20,000 (except one line 
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— SPEERT ON ™ ‘METHOD POR ADJUSTING SURVEYS 


precise 1 : 5,000, and average over the entire net 1: 11,000. 

A The adjustment was made using the field values and not those found by the is 


= _ The time required i in making the adjustment by the authors’ ‘method eo 


a matter of hours. With experienced men, this adjustment on a net of this 
size would seldom 1 require more than two days. _ The time lost in unsuccessful 


eleven that the method presented will be a valuable aid to any engineering — a “7 
or surveying organization using a coordinate method of surveying. The 
° eat s application of the method was made on the Panama Canals system using 
mip minutes, and feet of both latitude and longitude rather than the north. _ 
ing s and eastings ‘used bytheesthors, 
Esq., “ano Junius L. Speer, Assoc. M. 
(ee . E. (by letter).—The comments of those who have discussed the paper 
have added vital information to it and have greatly increased its value to. 
- surveyors. A number of questions have been. raised, also, w yhich justify further — 
‘The writers cannot conceal their ratification at the unanimity with which — 
- most of those who have discussed the paper welcome the new method of adja 
p +8 ment. Although the method has withstood the test of use by the computers of : 
“el the U. 8. Geological Survey, as mentioned by Mr. Wilson, and its merit has 


been fully demonstrated, it was feared that its simplicity might be so so hidden PR 
_ by the complex instructions required to present it that its real value might be — eo. 
There can be no question that, at first glance, the ‘appears 
complex, and it was anticipated that the claims that it “is so simple as to be . 


easily understood by any one familiar with the elements of surveying and of 
algebra” and that “a complete adjustment can be made by a clerk familiar with | 
the use of the computing machine” would provoke disagreement. — be However, _ 
the experience of the Tennessee V alley Authority (TVA), as presented by 
4 Méssrs. Whitmore, Miner, and Byrd, that the method was used satisfactorily 
“even by cooperative students who have had no previous computing 
experience,” is a strong argument in ‘support of these claims. The ease with 
_ which the method can be mastered i is further attested by the experience of the 
Survey. During the past few “years, seve reral ‘computers who have 
come into the office have grasped the method apparently without ‘difficulty. Bes 
These men have included recent engineering graduates, a few college graduates 59, 
_ with a knowledge of mathematics but no training in engineering g or surveying, 
and a few older field men who have had relatively little mathematical back-— per 
—? or have been ¢ out of school so long as to have lost all familiarity with it. 
 Tneach instance, the mechanics of the adjustment were so readily 
to justify the writers’ claim of simplicity. 


ae ¢ 11 Asst. Topographic Engr., U. 8. Geological Survey, Washington, D. C. 
Asst. Engr, ‘Washington, | D. D.C. 
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AND SPEERT ON METHOD FOR ADJUSTING suavers 
yor “O8 In spite of all this, it was not the writers’ intention to recommend ok bi 
-—djustments be left entirely in the hands of a clerk. However, it is believed 
$2 that, under competent engineering supervision, the mechanics of the adjustment 
can be performed quite satisfactorily by untrained personnel. to e 
the slide-rule solution of the equations suggested by Mr. Dell appears to be 
an excellent substitute for the Doolittle solution in those adjustments for which 
‘slide- rule pre precision is adequate, particularly for the adjustment of a level net. = 
For a traverse adjustment, however, the entire process would have to be per-— re 
7 Es formed twice, and it appears that a single solution by the Doolittle method,even _ 
Mr. Dell’s recommendation that the Doolittle ‘method of solving « equations — 
be incorporated in the mathematics requirements of engineering students ‘sug- 
gests the desirability of including the theory-of this method of adjustment in the 
- surveying courses of such students. Because of its complexity and mathemati- 
al background, the method of least squares is not, 80 far as the writers are a 
aware, taught to engineers except in advanced courses in geodesy or mathe- os . 
a matics. The principle of weighted means, however, is so basic and simple that — 
4 _ even a student of elementary surveying should be able to grasp it and appreciate — 
- its significance. Having once absorbed the theory of adjustment, even if the 
& mechanics of the solution have been long forgotten, an engineer should have 
- telativ ely little difficulty in making a simple adjustment if called on to do so in ‘ 
~ later years. Then the predicament described by Mr. Coe of searching “many 
texts without success for simple method of for a series of 
locking traverses” could, to an extent, be avoided. 


that by the 1 new mothed are identical with those by the conventional 
least-squares methods. _ Nevertheless, they seem to limit its use by the TVA to — 
_ surveys of third-order limits or lower, and for first-order and second-order levels 
continue to use the longer methods described by the U. 8. Coast and Geodetic — 
i Survey. The writers wonder why this should beso. Although the new method | = 
ma _ isnot recommended for first-order traverse, it is fully adequate for adjusting the 
~ most precise levels. It must be emphasized that the new method is equally as — 
= exact” as the conv venthieatl least-squares methods, the only difference being 
that the approach to the normal equations has been “streamlined. Molyatvowd 
Py _ They also suggest that an inverse computation be made to correct the 
_ asimuth and length of each course to agree with the adjusted coordinates of its 
ends. For this 
= formulas used in correcting triangulation lines after readjustment of datum ‘i 


ng of a ee A, mines those at the other end, B, in feet; K, in seconds, = 


muth from A to B; s is the measured length of the course, in feet; and da and rag 
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AND 8 SPEERT ON FOR ADJUSTING SURVEYS» 


i are the _— to be applied to a and s, respectively, to bring them into 
agreement with the adjusted coordinates of Aand B. The quantities da and ds 43 
will always be so small that slide-rule computation 1 will afford ample precision. ae 
tf a number of lines are to be adjusted by these formulas, preparation of fa ae 
simple computing form would help to standardize the work and save time. a= * 
= __ Mr. Dell makes the interesting observation that, in this method, at least one — 
station in the survey must be treated as a fixed point. In an isolated wap 
a where no “fixed point” is available, any one station may be assigned an arbi- 
trary adjustment correction (preferably zero), and all other adjustment cor- 
a rections may be referred to that assumed datum. If, later, a more sotistastany 
a datum is established, the entire > system may | then be shifted d by a uniform cor- 


ction to fit the ne new datum. od 


first-order traverse line and also to several triangulation stations. triangu- 
lation was on the 1927 North American Datum, but the traverse line was on an — ~ 
_ old datum and, with the data available, could not be brought to the 1927 datum 


for the purpose of controlling the adjustment of the third-order net. : It was 


the writers. i A third-order traverse net was tied at several places to an old 3 


still give the first-order line all the influence in the olipeshiudl to which it 
; - was entitled. In other words, the first-order line could not be used to control n 

- the datum of the new traverse, but relative positions along its route were to be 
7a *§ held as fixed by its original adjustment. Thus, the old line was free to be ot 


oq translated, but could not be distorted by the new adjustment. This was ac- os 


zz - complished i in the adjustment by treating all ties to the first-order line as if he 
; AS made to a single junction, this junction to receive an adjustment correction the we 
same as any other in the third-order net . This had the effect of including the ge 
- first-order line in the adjustment, and of giving its sections infinite weight, but oA 


- at the same time allowing it perfect freedom in shifting its datum. ‘By — BS 


corrections were thrown the parts of the first- order line. 

Mr. Rappleye suggested that a sample of a level-net adjustment should have a 
been included in the paper. Iti is hoped that the adjustment presented by Mr. | " 

Coe will fill that need. Although Mr. Coe’s example may not be truly a ' “net,” 7 

it has all the elements of a larger adjustment and fully illustrates the principles. a 
In this connection, afew points in Mr. Coe’s rules relating to Table 11 should be | 

clarified. In the solution of the equations, the N- and S-columns must be ae 
carried down simultaneously with the body of the in order to 


= 


£3) 
ir a Mr. Dell raises a vital point concerning the e importance of careful determina- 

co tion of eae factors “a the lines of a survey ry net, and Table 7 gives striking ba 
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the olution maz pass undéetected and affect some of the subsequently 
puted values. In other words, rules 10 and 11 should follow immediately 
__rule Similarly, rules 8 and 9 should be combined with rule 6, emphas 
3 
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— NORRIS AND SPEERT ON METHOD FOR ADJUSTING SURVEYS 
evidence of this importance. As brought out by Mr. Dell and several dine 
He the proper weight of a line is a very complicated f function of a large number of ae 
uncertain, and at present unmeasurable, factors. It might even appear, at a 
< ce casual glance, that careful adjustment by any “precise” method is an unwar- 


ranted refinement so long as such uncertainty exists in the determination of __ a 
weights. The problem of weights, however, enters into all methods of adjust- 


ment in about the same way, so that, strictly speaking, the matter of determin- \ 
i ing weights is not involved in the method used in making the adjustment. It 
appears that, whether weights are a assigned i in accordance with the simple rules ei | ; 
- suggested or whether a more complex procedure is used to include other factors an 
_ involv ed, a reasonable adjustment may be expected if all the elements of the © 
irvey are properly | balanced against one | another. _ The importance of includ. -— 
ing all the elements of a survey in a a general adjustment, rather than adjusting ; 
line by line, is illustrated by the example presented by Mr. Sheldon. Neverthe- Be: 
- less, the writers agree that the determination of | weights i is perhaps t the weakest a Re 
factor that enters into an . adjustment, ‘anda practical 1 means of evaluating gall 
uncertainties involved is much to be desired. 
xi The wide applicability of this method of adjustment is illustrated by the se 
oo variety of problems mentioned in the discussion. The traverse example inthe 
paper was presented in terms of feet of northing and easting; the traverse of the 
f . Geological Survey, described by Mr. Wilson, is computed and adjusted in terms 
er of degrees, minutes, and seconds of latitude and longitude; the surveys of the 
aa Panama Canal system, discussed by Mr. Sheldon, use degrees, minutes, and — 
feet of latitude and longitude. Similarly, in levels, Mr. Coe’s example is ; 
- adjusted i in foot units, and the adjustments mentioned by Mr. Rappleye are in Lae 


metric units. Inasmuch as the units of measurement enter 
only i in the absolute columns, and as the absolute columns of an adjustment are A 
not interdependent, it i is not even essential that the same units be used in both 
“a columns. Thus, the fact that a second of latitude is different in length from a — 
second of longitude does not interfere with a simultaneous adjustment of both. 
- Similarly, under proper circumstances, seconds of latitude and longitude and 
- feet or meters of elevation could be included in the same ‘adjustment. ph oug ‘y 
te _ In conclusion, the writers wish to express their sincere gratitude to all those _ 
who have discussed the paper f for the interest they have ‘shown and | for — ; 
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_ Formulas and stress values for the design of pipe supports on the automatic — 

— flash- board gates of dam spillways are developed and discussed in this paper. — aN 
—* a result of hydraulic laboratory tests of full-size flash-boards, supplemented oy, . 
7 by mechanical tests of the pipe supports and check tests of actual field installa- i 

4 _ tions outlined herein, data have been obtained which permit accurate prede- eae 

7 termination of the lake level at which gates of this type will automatically fall — 
-. In addition to the description of the tests and the analysis of the relations — an 
between water head, height of flash-boards, and size and spacing of pipe, the ‘a 3 
results have been consolidated to serve as a guide in the design of flash-board x 
installations. On this basis the United States Forest Service has designed 
hinged flash-board gates, supported by steel pipes, and has installed them on a — iby 
: = number of their dams. Field tests, made at these dams la later, — results 
that closely check the laboratory tests. mil 4 
| 


FiasH-Boarps 


Automatic flash-board gates are a logical development of 

= flash-board for reservoir water-surface regulation. Being a structure that 

i increases the height of a dam, usually on the spillway section (see Fig 1), the 
-_ flash-board is s designed to fail under a predetermined head of water and fall, eats 

thereby increasing the flood-carrying capacity of the spillway. In the past 
many flash-board installations have been constructed, using light, inexpensive _ 
planks, supported by closely ‘spaced p pins, and were lest after failure during 
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ae food. (9 Many other types of flash- boards have been used in which failure was 
a induced mechanically by cutting anchor wires es or posts | or by lifting with — 
fm - Conservation of the storage a at the top of a reservoir, where e every foot of — 
additional depth represents the cream of the storage, is of high economic value 
during dry periods, particularly on water-power and water-supply projects. 
On numerous streams where e spring floods are followed by extended periods of 
low flow, flash-boards can be raised toward the end of the high- -water stage and 
. the storage can be augmented for carrying through the drought period. Con- 
of water-surface fluctuations within narrow limits is advantageous and 
"sometimes ees for fish and game lakes, as well as on recreational de- 
-velopments. As a “safety valve” against back-water overflow or sustained 
inundation, flash- boards are distinctly effective. In arid re Tegions ns conservation 


‘menace, vache than the water loss, is the prime ‘consideration, the cost of hand- 
operated flood gates is not justified when the same function can be ae 


simple, automatic flash-board gates. 


cost of providing f flash- boards small compared with that of increasing 
the size of the spillway. In “many cases it is almost prohibitive to provide 
2g spillway capacity, adequate to handle rare yet disastrous floods, unless flash- a ot J 2 . 
boards are used. For the control of large floods, a deep spillway gate can be 
constructed i in ad's panels which will fall successively, thereby limiting the he 


- discharge i in the channel below, except | for exceptional I floods, and using the 


‘Pondage to equalize the flow. 
— Plash- boards of plank may be converted into flash- board gates by the addi- ° 
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_ be made of wood, steel, or other structural material. After the flood the 
gates may simply be raised again and the broken supports replaced. 


Pas dam but also the property below and the lake shores above, the automatic be 
flash-board gate becomes an important factor in water conservation, 

Such use of flash-boards presupposes failure of the supporting pipe within 
- narrow limits of reservoir water level. Positive failure of the flash-boards i “e =4 
essential to successful operation, inasmuch as the entire dam is in danger if the 
~ flash- boards do not function as designed. ie Region Seven of the U. S. Forest _ 
Service had the problem of providing flash-boards for a number of earth dams 
similar to. that shown in Fig. ly where certain action of the flash-boards ve 


design of poatiadns for flash-board installations yielded only a few isolated ed tests 
of pins, made during construction, and gave no assurance that the pins or pipes ca 
oA would fail reasonably near the desired water head. In fact, discrepancies of eae 
* 2 ft, or 507%, were were obtained by using stresses ‘suggested by different writers. bd» 4 


= Thus, tests were ‘required to furnish dependable design data. The Forest 
— Service suggested and co-operated in a series of tests made i in the National — 


sizes of flash- boards, on a low dam. crest, and supported by 
sisting of various sizes of standard commercial steel and wrought iron pipe. ae 
A complete report of these tests was prepared u under date of April, 1937 (15). 

A copy of this report has been filed for reference in the Engineering coisa 


Library. A brief summary of the test results was published by one of the ae 


pipes vaned to support the flash- boards; (b) the use of these moduli of rupture to’ ee 
compute the head or water level at which various flash-board installations i 
should fail, using various simplified moment formulas for this purpose; and 

(e)-the of these computed heads with the heads at which failure. 
actually occurs in various flash-board installations in order to determine the y 
accuracy W with which the e various moment forn formulas can be used. 
ae The hydraulic tests were made of pipe ranging from 3 ‘2 in. to 3 in. in size aie. 


“(see Table 1). Spacing between the pipes was varied from 5 to 8 ft. The 
wider s spacing of the larger pipes was 's found necessary in order that they might es 
co ollapse under the limited water head available in the laboratory flume. ‘The ye 
_ flash-boards ranged from 1 ft 10 in. to 5 ft 2 in. in height above the dam crest. ee 
.. In addition to measuring the water elevations above and below the dam, and = 


“deflections of the | pipe under load, its behavior or prior to, and after, the yield 
point was reached was observed. Panels about 3.5 ft by 5ft having “V” joints 


ae and ° “butt” joints were tried before concentrating the tests on continuous flash- ®, 


3 See bibliography i in 
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"The moduli of rupture were computed from these tests and formulas — 
~ eveoped for design. Then, as a ready means of checking the oe 
laboratory set- “up was assumed to be a field installation, the formulas: were 
3 
could be substituted for the more elaborate hydraulic tests and still yield the 


LE 1.—DIMENSIONS FOR NESTING 
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Poi Standard diameters from Federal Specification WW-P-403 for steel pipe. 
Specification WW-P-351 for brass pipe = iron pipe aise; | = is the brass pipe. 


equivalent necessary values of modulus of rupture, were 
pipes used in the hydraulic tests. These specimens were tested as cantilevers — 
in a testing machine, and the results were sa with those derived from the — 


Pipe vs. Solid Pins.— —Tests made on solid onl pins prior r to these pipe a 


tests made for the Forest Service by the National Bureau of aren 
Furthermore, extensive tests a on mild steel pins by the Pennsylvania | Water and 


Power Company of Baltimore, Md., indicated that the solid pins continued o 


deflect and carry load until they had d deflected nearly 90 degrees. 


General Layout. —The hydraulic tests were made in the main concrete flume 
‘the first floor of the National Hydraulic Laboratory (see Fig. 2). It 


tbe 
(12 ft by 12 ft in crose-ceetion, § and was supplied with water by three ; pumps 


‘ti a combined capacity of 35 cu ft per sec. The pumps discharged into a bg 4 ia 
concrete tank about 25 ft by 32 ft in section, at the upper « end of the flume, as 
: - shown in in Fig. 3. ¥ Two ‘motor-operated gates, 6 fts square, were used to control 
the flow into the flume. During most of the tests, a bulkhead, built for use in 
ae investigation, was present in the flume. down stream from the experi- a 


- mental set-up, ‘bat finally it was removed to prevent the tail-water from ss 
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too saphdly: the tests. large drain was provided in side of t 
flume down stream from the flash-boards to return the water to the : = 
a tas About 52 ft down stream from the control gates, a concrete da crest, 21 
a in. high a and about 28 ft long, equivalent to the crest of an actual dam, wes 6. Bra 
s x _ structed across the flume. To obtain this length, it was necessary to place ies 
is crest diagonally as shown in Fig. 2. F or the preliminary axpetinnena aa 


~ flash- boards, each 5 ft long and 3 ft 6 in. . high, were placed on the crest and were 


supported by pipes of the same diameter placed in in sockets ¢ embedded in the 
crest of the dam at 5-ft intervals, 


flume floor was ‘provided for increasing the head- level Figs. . 3, 4 


and 5). Dressed lumber (Douglas fir) 2 in. . thick was used for both the bulk- oa 
sf head and flash-boards, and the horizontal joints were made water-tight by 1-in. “ae 
splines between the The flash- boards tested in Preliminary Series 


Bel 1 had wedge-shaped aero joints at the ends (see Fig. 3). In Preliminary 
No. 2, the flash-boards were with “butt” or square ends, 


a 
— 
— 
q 
atic water load produced by a head-water level even w op of 
| 
q _-up-stream face of the bulkhead prevented water trom discharging 
the flash-boards as they deflected during the test. 
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eliminary Series No. 2, Butt- 


Series, Sin 


Preliminary Series No. 1, 'V" Joints 
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‘SECTIONS THROUGH FLASHBOARDS 
—Fixed Bulkhead 
RY SERIES 
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Rie For the final se series of tests the fixed bulkhead was ieceaiiaal anda one-piece _ We 
Bens 16-ft long and of heights varying from 1 ft 10 in. to 5 ft 2 in. above 
the dam crest was constructed. It was supported by only two pipes, symmetri- rig 
_ cally placed. _ The ends, bound with rubber, were closely fitted to wooden wing pes 
as in Fig. 6. The rubber binding produced no appreciable friction 


_ The various sips tested were ‘fitted into the 4-in. . sockets in the crest by 


means of pipe sleeves of various diameters, 20 in. the 


external diameters of the test pipes were measured in three 
The bottom, top, and at the top of the supporting sockets . The pipes. were 

= weighed so that the average internal diameters could be computed. For pipes re 

than 2 it in. the internal diameter was 3 also measured directly. 


and ‘brought to a firm contact with the flash- boards wooden shims when 


easuring Devices Used. scale, curved to the arc ofa 
circle, with the free length of the pipe as a radius, was fastened either on the e ee 
top of the flash-board or to the pipe supporting the flash-boards (see Fig. 6). 
-£ transit mounted on top of the flume was used to read the scale as the pipe ae 
- deflected. _ For later overflow tests, the pipe was extended up through the water a 
to carry the scale (see Fig. 8). Asa result of this there could be only a slight Jom 

‘Up: stream from the center — the dam, as shown i in Fig. 3, a brass piezometer a a 
, was placed in the floor of the © ers 

wap and led to a glass-column mee having an internal diameter of lin. A 

vision was made for reading the tail-water elevation b but this was not oi 


g 

q 
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used, owing to excessive turbulence in the water below the dam. _ For the: over= : 

flow tests with large quantities of water, in which the head- water was also co 
7 greatly disturbed, a plumb- -bob | or point gage was used as indicated i in Fig. /- 

A staff gage, A a in 3-i -in. intervals, was painted on the steel bulkbead 


q 


the staff gage. Readings of the deflection, ‘stall and gage were 
simultaneously on signal. When the pipe began to deflect more rapidly, the — 


were taken as the flash-b« -board passed given d deflection ‘When 


z 
ig 

a the test. One flash-board was balanced horizontally, and the distance of its $f | 
a wees center of gravity from the bottom was determined. This was used as a basis for a 
‘ computing the center of gravity of the other flash-boards. The lower part i a 
the gate was braced, as can 
caused by water preceure _| 
| 

ie i values of 0.3% for the mechanical-test specimens and 0.17% for the eight __ 

— 

3, _sMon-Overflow Tests —The head-water was raised gradually by means of the 
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the and flash-boards were and photographed. ha some 
of the preliminary tests the flash- boards did not fail because the water flowed a 
of Non-overfiow Test No. 4, Preliminary Series No. Al, is shown in Fig. &. | ¥ 
Overflow Tests.—' 
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nt 
experi- 


= 6.—Non-Ovarriow Tesr No. 20 at Faron; 3-Incu 


the overflow tests, because the tail- water rose 
that it backed up against the down stream face of the flash-boards unless failure bis 
occurred quickly. _ Even after the obstruction down stream from the dam had 
‘been ‘removed, the tail-water r occasionally r rose until its surface was ae the i 
level of the dam crest, particularly in tests of the higher flash-boards. a. f 

For some of these | tests 35 ft per sec was not sufficient, and method of 
‘utilizing the discharge tank was devised. ‘The: tank (see Fig. 3) was filled to a a in 
“i point near ir the top, and one 6-ft gate was opened slightly until the water began 
to flow 0 over the baffle-bulkhead up stream from the flash-boards. / As soon a 
as the water appeared on the face of the flash-boards, simultaneous readings ‘se 
were ms made and Tepeated at e every additional 3-in. ‘height. When the 
reached the top of the boards, the gate i in the discharge some was ba a | 
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= 

a — on non-overflow tests was used for these tests, and the pipes were also ppteipsipe 

if _ the same manner.. “However, it was necess — 
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to the maximum that could be obtained. i this manner a large discharge was ¥ a 
produced over the flash- boards—at times probably as much as 150 cu ft per sec. Ms <— ia 
7 The deflection was observed closely and, at the instant of failure, readings were 
taken of all quantities. The failure was fairly clear-cut, in that the movement — ae +" 
of the pipe accelerated gradually until a sudden collapse occurred. _ A view of . | 
Final- Series No. 27 at the point of failure is shown in Fig. 8. 


- failure of the flash-board pipes, the flume was ‘drained and the test repeated. — 


cae Fig. 7 shows the typical appearance of the p pipes after failure. _ The bend- | ‘\ 7 
ing was concentrated at the section of the pipe in the plane at the top of the ae 


ee aysal All of the pipes collapsed : at this section, most of them splitting along» 
the 


Accuracy of Measurement. t.—For most of head was determined 


gage was used. 
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was accurate to 0.01 ft for non- tests, 0.02 ft for most of 
overflow tests, and 0.03 ft for tests with violent disturbance of the head-water. is 
Sar Results of Hydraulic Tests.—The net result of the Preliminary Series No 7 
was to disclose that the indeterminate influence of the binding of the “FF. 
-S joints was frequently as great as the supporting power of the pipe, and uheratdd 
such joints could not be tolerated. _ ‘Preliminary Series No. 2 also showed sufi 
“ cient binding in the 90° “butt” joints to interfere with the design of the fash 


boards on a short spillway, although the effect would — bei insignificant 


bal 


ith... Fic. 8.—OvERFLOW Teer No. 27 av Farture; 1}-Inca 


; = a aia spillway. In both series the stresses in the pipes computed from the 3 


wher end slots were eliminated, leaving free. movement at the ends of 


ce _ flash- boards along vertical walls at right angles to the center line of the gate. _ 
4 RS 


turbulence, a possible slight of ‘vacuum under 


ik 


‘upon. The characteristic ‘uniform | bending ig’ to a 
yield angle from ‘the vertical of ‘from 20° to 30°, followed by rapid collapse 


thereafter, is favorable for automatic flash-board control. "Results 
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this series are analyzed, together with tho those of ‘the tests, u under the 
heading “Results of Experiments.” = 


Duplicate specimens 36 in. long were cut the 


hydraulic tests and were used for mechanical tests. »2 The specimens varied fe 
os $s from j 2 in. to 3 in. in size. . One sp specimen of wrought-iron pipe was tested also. 
The internal diameters were computed in the same manner * for the hydraulic 
tests; that is, from the weight and external dimensions. 
3 4 ‘The tests were made in a hydraulic testing ng machine of 100 000-lb capacity. 


Ee As shown i in Fig. 9, each pipe was s loaded as a cantilever beam. The assembly ap a 


of pipe sleeves used i in the hydtaulie tests was used also in the mechanical — 
to simulate the same conditions of support. _ The load was applied | to the 
pipe 10 in. from the support through a steel plate corresponding to the actual 
flash-board loading. During each test the load was applied in increments of = 
‘ approximately 200 lb, and the deflection of the « e end of the pipe for each load 
= computed from the readings of tw two dial gages. _ After the yield point of the 
ves pipe was passed and the pipe deflected excessively, the dial gages were removed, 2 
a and the vertical distance from the pipe to the platen of the machine was mea 


sured until the maximum load was reached. 


— General—In arriving at the principal objective—the modulus of rupture : and P 
of flash- board ‘supports- —the data from the were e analyzed i in the 
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Stmess, f, Pree, | 
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ection if iy j 
inches? flash- d Nor- Yield 


| @ (11) a2) | a3) 


eee 


— = — 


2.12 1.0 

30t | 1.314 | 0.136 | 0.104 | 0.135) 1. 86 2.25 33 11.6] 0.6 12.2 | 55.0 | 90.4 | 78.0 
— 31] 1.318 | 0.132 | 0.100 | 0.133 | 1.86 | 2.30 33 | 12.2) 0.6 12.8 | 55.0 | 96.2 | 82.0 
Av.| 1.316 | 0.135 | 0.103 | 0.135 ee aA ° 29 4 secs --+ | 55.0 | 88.7 | 77.0 


| 1.316 | 0.138 | 0.105 | 0.136 | 9.9 10.9 | 55.0 | 80.2 | 


3.83 | 2.54] 20 | 17.8] 2.0 | 19.8] 50.0| 85.4 


0.076 | 0.326 
0.074 | 0.318 


0.078 0.332 


18+ | 2.368 | 0.154 | 0.065 | 0.554 | 3. 44 | 9 | 45.6] 50.0] 82.3 
32t| 2.384 | 0.170 | 0.071 | 0.616 ince 78.9 
33¢| 2.372 | 0.150 | 0.063 | 0.550] 2. (33) 96.61} 
(24}t] (2.372)| .... | }(0.604)} (3. (36.2)| (1.8) (38. 0) (35. 9) (62.9) 
‘ag 


0.072 | 1.068} 383 | 416 | 17 | 74.0 7 | 76.0 
0.072 | 1.090] 4.53 | 4.02] 22 | 73.5 3. 0 | 76.5 
0.075 | 1.103] 4.53 | 420] 18 | 79.9] 2. 5 
0.073 | 1.087 19 40.0 | 72.0 


14 2. 
2:3 


a _ * All specimens are steel except Tests * and 10a, which were wrought iron, 
+ Non-overfiow tests. At maximum moment (modulus of 
tests. Column (11) divided by Column (5) 
Not used in average ; :defieetion excessive. 
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= The actual bending moment on the pipe and the corresponding 
: . were computed as accurately as possible throughout the range of the test; og 
;. 3 a — Values of the modulus of rupture and the yield point for each pipe were 4 
determined for both the hydraulic and the mechanical tests; 
he o a Values of the modulus of rupture determined for the hydraulic testsin | 
oe 3 7 Item (2) were used for the computation of the bending moment at which the _ 
7 a -_ should fail; then, on this basis, formulas of various degrees of precision — 
set up for determining th the corresponding water head; 
Simplified formulas for use in practical design were developed (moduli 


of rupture for use with these formulas were obtained by ‘application « of the 
(5) Using the values of modulus of from Item (4) a simplified 
= 3 Rc formula for standard sizes of pipe was set upf for the prediction of the water hea head 


- (6) The laboratory set-up was assumed to represent t a field installation, a 
(The various design formulas, together with their appropriate value of modulus ~ ‘ie 
“* of rupture, were applied thereto and the resulting design head for failure was — 
ia determined. These values were compared with the observed heads and te 
relative precision of the formulas determined); 


= (7) The simple method of design | from Item (8) was applied to field st struc. fy 


ures and check tests were obtained; and, ata | 
(8) The original test data referring to Items (1), (2), and (4) are vaneuail? 
— te in Table 2. Values in Column (14) are found by Equations (196) or (20) (pre-e 
¥ =a sented subsequently), divided by the section modulus for standard steel - 
a given | in Column (5), Table 3. The moment formulas in Items (3) and (4) are 
3 derived and discussed in the section on “Moment Formulas for Design.” 
The heads computed for Item (6) are eammarised in Table 3. The application 
_ of Items (5) and (7) is discussed in : the section on “Design of Pipe Supports.” — 
‘Finally, suitable values of moduli of rupture and bending moment formulas are 4 
recommended in the “Conclusions.” A summary of the bending moment — 
- formulas used in the computation of heads in Table 3 is presented i in Table 4 . 


Notation.—The in this paper defined where they first 
rt. appear and are assembled for convenience of reference in Appendix II. | ‘The > 
term “kips,” when used in this paper, denotes “‘kilo-pounds”’; thousands 


to be circular, and section modulus was computed according t to se ae 


it in which: S = section modulus (Column ©), Table 2); -D. = external diameter a 
of pipe; and D; = internal diameter of pipe. asi stress in the pipe was then bie 
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verre 


in which M = is bending moment in pipe; and, f = stress at the outer fiber. “e 


ie mn of the flash- boards, and variations i in height were obtained by changing the a 
ok thin section at the top. Accordingly, the exact relation between the depth of 
the water and the bending moment produced by the water pressure on this _ 


—CoMPaRison OF Tests 


Nominal i in inehe 7 Simplified 
"thickness, t, ‘| | moment _ horizontal 


1.050 0.108 
0.138 | 0101 
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t i, 
20°; @= 20); |... 
_-Flash-board ¥ Hori- hori- 

Moment tal Moment zon- 

1 mo- 
cluded | lected = for- 


mula 
(12) (13) (15) | (16) | (17) | (19) 


2:30 ‘38 | 2:24 | 2.28 ‘+4 | -2° | 1:83 

3.12 ‘92 | 302 | 312] “41 |] “0 

4.02 | 4. 3.75 | 4.15 | - 3.03 
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| Moment {| | at | Moment | pii- signed 


(0 = 20°); Sim- | fail-| _(@ = 20°); ead, 
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h, in hori- zon- 

| (21) | (22) | (3) | | (27) | (28) | (29) | (30) 

= a 


at 
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2.22 | 218 | 229 | 218 | 2:12 "43 | 48 | °43] 
2.61 | 261 | 2.72 | 258 |254) +3 | +3 | +7| +2] 221] 
289 | 2.87 | 3.00 | 287 |282| +3 | +2 | +6| +2] 247] -12 © 
3.46 | 3.43 3.58 3.39 |344/ -1 | O | +4] —1 | 2.95 — 
412 | 410 | 427 | 421 oO | | +4| 42] 366) 
4.86 | 4.82 496 |488| 0] -1 +3 | +2] 4.31 i= 
* For a (yield stress of 46 kips per sq in. 
“TABLE 4.—SuMMARY or BENDING Momunr FoRMULAS 
Equation No. | Table 3 in 
@) Ovenriow Conprtions 
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he it was individnally case. were 

a rd in the assumed loadings, and general « expressions for the moment were 7 

- derived on that basis. A diagram similar to Fig. 10, showing all of the condi- — 
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ling moment, M, on the | pipe was ; computed by taking the moments 
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4 a appreciable in most of the tests, and bowen its moment was added to that ; 
ep to the water pressure. The moments are given in Columns (9) to (11), A 


3 Table 2. These moments were computed individually for the exact conditions ee 


of the test and not from the simplified moment formulas, as was done for 
Column (14). 1 The stress in the was the moment by the 
formula 
An example of the computation of bending moment and pipe stress is given in 
_ Appendix III for the conditions shown in Fig - 10(a) 
<< - The as assumption of static conditions obviously is correct as s long as there i is 
no water flowing over the flash-boards, and it is nearly correct, even when there 
is overflow, as as long a as both the deflection of the flash- board and the depth of z 
overflowing water are small. No pressure ‘measurements were made on the 


: = boards, but unpublished tests made by the Pennsylvania Water and 1% 


coh. Power Company of Baltimore h have shown that, as the | depth of overflow, or 
the | deflection, was increased, and the water moved up ‘along the face of the 
7 board at an appreciable velocity, the actual pressure on the board was less 


Stress-Deflection Curves.—The stresses in the pipe for each of the ae s 
failure Were — by the same procedure, and stress- 
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No. 19, Overflow 
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Hydraulic Test No. 22, 
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“Fre. 11.—TrrrcaL CURVES FOR A 24- Inca Pire 


_ yield point (18) of the pipe for these tests was taken as the —~ a 


; it at which the stress-deflection curve breaks a away from its initial straight section. : 
G 4 It was desired to determine the stress at which the one first began to bend ae 
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better than other terms considered, although it deen not 
‘The: stress computed from the maximum moment was called the “modulus BA 5 4 

of rupture,” and these values are given in Columns (13) and (14), Table 2. ee Re 

(The term “ ‘modulus of rupture’ has been used to indicate the maximum com- 

puted fl flexural strength, based on the section of the pipe, in accordance 

_ The stress-deflection curves for o}-in, pipe, shown in Fig. 11, were selected eg 
as | typical of both the hydraulic and mechanical tests. The curves are seen to vie =o 

be , generally y similar in shape throughout their range but to differ in the value a 

of the modulus of rupture. It may be observed in Fig. 11 that, as the head- 


BN the standard definition. _ These values were determined from the curves an : 


~ deflection curve tends to be parallel to its initial direction 


The beginning of the strens-deflection curve, within the limits of error 

the test, was observed to be a straight line and served to determine the ap- 
i proximate yield point as already described at about 46 kips per sq in. a 


a deflection of the pipe over the elastic range of the test was very small—that a 
a less than 2° as compared to that at its subsequent failure at 20° to 30° deflection. x a 
_ Extensive studies of the properties of the pipe within this range of loading failed — 


rc to yield any results pertinent to the main objective (design of flash-board 


_ size of pipe for both the hydraulic and mechanical tests, using the data ome 
oe Table 2. The average values for the hydraulic tests showed a fairly con- * 
a sistent agreement with the mechanical tests. In both types of tests the < 
5 deflection at failure is less for the larger pipes than for the smaller ones. A eee 
probable explanation of the latter fact is given subsequently herein in comnec- 
tion with the relation of modulus of rupture to pipe size. For the hydraulic i 
tests: the deflection ranged from 15° to 30 ° and the average was taken as eh : 
later use in connection with the design of flash- boards. 
Yield Point Stress. —The stress at the yield point for all of the 
_ was found to range from 40 to 55 kips per sq in. averaging 49 kips per sq in. 
ee Beyond th this stress permanent bending occurred. (it was found later, in field — 
BB 0, that a value of 46 kips per sq in., computed by the horizontal formula, ie 4 


Was ‘more nearly i in accordance with the facts; some tests gave as low as 40 i oie 


per sq in.) However, failure did not occur until the pipe had traversed 


oe large deflection see of ‘15° to 30°, the angle « of failure being consistent f for . % 
pes had been 


noticeably in these tes' hey might possibly fail at 4 = 
8) 5 the head causing this stress. When the deflection increases there is a con- ‘al ae 
siderable increase in the moment of the hydraulic load, evenif the headremaing 
TES 
ae 
Ors, 
| 
iim 
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pipe supports is particularly significant. Instead of beginning decisively a. 3 
fail at the yield point, the pipe did not actually fail until the stress value 

the modulus of rupture, although it was loaded beyond the yield 
‘From these characteristics it is evident that in designing flash-board sup- 
ier ports the diameter and spacing of the pipe should be such that the yield point, ; 


and resulting permanent bending of the pipe, will not be reached too frequently. ie 


_ The natural tendency is to build flash-boards too close to the maximum per- ee 
-missible water level in order to gain as much head and storage as possible. — 
a Then a small flood will bend the pipe, making the gate unsightly, or collapse it 


requiring the pipe to be replaced. On the other hand, if the pins are designed - Ae 

_ of rupture required, premature deformation due to debris, waves, or high 

water can be largely avoided. P iret 

8 The deviations of the heads at which the ; pipe should begin to bend, : 

_ the heads at — failure actually occurred, are shown i in Columns (19) an 
(31), Table 3. These: columns show, furthermore, that if the yield point i 
used in place of the modulus of rupture to compute the heads at which the pipes oe 

should fail, this will lead to values distinctly lower than the actual heads at 

failure. This comparison n was made partly because of the belief (apparently 


Modulus of Rupture-Pipe Size-—In order to determine the e proper modulus: 


ie of rupture for the design of pipe supports, the relationship of modulus of rupture : hy 
to pipe size was studied. The values of modulus of rupture given in Columns 


ees (13) and (14), Table 2, for both the hydraulic and mechanical tests, were plotted _ 


ie for an initial stress of 30 to 50 kips per sq in., as well as for the ultimate modulus | 


gainst the corresponding pipe size given in the sub-captions of the table 


(see ‘Fig. 12). They range from 96 to 61 kips per sq in., and the values of A 
the modulus of rupture, obtained from the hydraulic tests were ‘approximately | as 
20% greater for the smallest pipes than for the largest pipes. The values for ay 
a a the mechanical tests show a similar relationship between extreme sizes, although : 
¥! it is not so marked for the intermediate sizes. This relationship i is due mainly * 
; i the greater relative wall thickness of the emailer pipes, which is indicated 
ce: comparing the values in Column (4), Table 2, with the standard pipe size. 2 


It is an accepted fact (19) that, when any structural, member is stressed in ae 
_ bending beyond the elastic range, the stress distribution becomes non-linear, oe 
and the extreme-fiber stress computed on the assumption of a linear distribution 
the actual value. The greater the concentration of the material at 
es Pig the neutral axis, the greater this excess will be. Thus, although the actual 
a ‘stress occurring in the extreme fiber of two pipes may be the Some, yet the ay 
value would be gr greater for - the thicker-walled pipe. re | 
pipes, with the relatively thinner walls, fail at — deflection an 


ae till could be depended | 
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yee the moments and resulting stresses were computed directly from the measured fy - 
= loads. ‘The yield point for each pipe was determined from stress-deflection 7 7 


curves in the same manner as for the hydraulic tests and the results are given 
Column (12), Table 


the maximum moment are given in (13) and (14). 


———— Average Hydraulic Tests, Total Moment 
Hydraulic Tests, Simplified Horizontal Moment 
—-——-- Average Hydraulic Tests, Simplified Horizontal Moment 


Overflow Test; N=Non-Overfiow Test 
x Modulus of Rupture Used For Comparison of Tests ———— — 
+ Modulus of Rupture Adopted For Design 
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: a: It is believed that the conditions were more nearly determinate, and more i 
; early in accordance with the assumptions made, in the tests of the 2}-in. and _ ‘i 
3-in. pipes than for the smaller pipes. The results obtained in the mechanical 
tests agree quite well with those obtained in the hydraulic tests for the two 
largest sizes of pipe tested. teers od? Yo digaol odd 
ty An exhaustive analysis of the discrepancies" between the results of the 


_ mechanical and the hydraulic tests for pipe diameters of 2 in. and smaller was 


made (15a), but no obvious explanation of the lack of agreement was found, Nis 
was concluded that the betw een the hydraulic an and 1 mechanica 
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is a function of any nich 
be evaluated with any certainty. These include: Uncertainty as to 
ry the portion of the water itond that was panier transmitted to the Pipes; (6) 


the exact and condition of the pipe the : support; and (d) 
number of pipes tested. The values of modulus of rupture determined by ° ie 

hydraulic and mechanical tests for the larger pipes are iene: sa the mild 


hydraulic t tests for each size of t pipe were d determined for use in and 


As indieated under Item (4) (see “Results of 4 
Ba bending moment formulas were desired for practical design. . Conse- me. 
quently three different simplifying assumptions were made, successively, and 
the resulting formulas derived as indicated subsequently. - The resisting + 
moments will be developed following the development of the bending moments. a 
Made.—The formulas for the bending moment on the pipe 
at the dam crest are derived herein—first for overflow conditions and then for _ 
oie  non-overflow conditions. In each case conditions are assumed in the following BA 
—_— (a) The flash- boards were assumed to be of uniform thickness (Cases ir 
ar land 4); (b) the weight and thickness of the flash-board were neglected (Cases 
g 2 and 5); and (c), the flash- board i in Item (6) was assumed to be swung back to ‘3 
= vertical (Cases 3 and 6). Static sa eng were assumed for both the oa 
overflow and non-overflow derivations. The distribution of the pressures on oy 
the flash-board due to head-water for Case 1 (overflow) and Case 4 (non- : 
overflow) i is shown in Figs. 10(b) and 10(c), respectively. oo oe : 
Overflow Tests.—Taking moments about Point O, Fig. 10(b): 


a a in which: W is the weight of the flash- board; hi is the distance from the base — ‘Zz 


4 of the flash-board to its center of gravity; ay is the lever arm of the weight W; _ 
is the specific of the timber used for the flash-board (36 Ib per cu 


of the flash-board. The flash- moment was appreciable at 
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which w is p weight of water (62.4 lb per cu ft). 
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a Board —Making = 0 in Equation (8), the normal moment, “neglecting the 


weigh h ss ¢ flash-board, is: 
and t hickness of the lash-board, 1) vl 


Moment Considering Flash-Board Swung Back to the 
- Vertical, and Neglecting Weight and Thickness of Flash-Board.—In Equation 4 
make = 0, and the normal moment (considering the board to be 


pee 


— 


ree board) becomes: ui 


Non-Overflow Tests —The moment of the itself i is the same 
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in which ay =! = slant height, of flash- 


= 


J 


Case 5 Normal Moment Neglecting Weight and ‘Thickness 
Board.— If =, 0 in Equation (15), the normal moment, the 
and thickness of the flash-board, becomes: 


a Case 6. _ Normal Moment Considering Flash- Board ovens Back to the i. 
Vertical, Neglecting Weight and Thickness.—Considering the flash- board 
a: swung | back to the vertical and neglecting weight and thickness, @=0 and 
= 0, from which, by. Equation the horizontal-moment formals becomes: 


of deflection, and increase of over had 
_ “f no practical effect in the tests, the horizontal moment has been adopted as BR 
ee working basis for design (see Item (7), heading “Results of Experiments: a 

General’). The formulas were simplified for field and | office ‘use as follows ze 
4 


erflow Tests.—In Equation (10), written in the | form, 


“substitute w w = 62. 4 ey er sine tt wi Hy +h = H, in which Mi is the head a 


water, in above the of flash- board. Then, the moment, in foo 
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Non- Ov ithe yi Tests. —Fron n ipa the mo moment, in inch- -pounds, is 


M= (20 
ander Items (5), (6), and (7) (heading, ‘Results of Experiments: General”), 
the next step in the investigation was to compare the heads at which flash-board ll 
- installations should fail, as computed by the various bending moment formulas a 
¥ (Table 4), with the heads at which failure actually had been observed to occur > 
‘on installations. The laboratory installations used int ‘this investigation t to 
. determine the modulus of rupture obviously afforded a convenient opportunity | 
ba make such a comparison. The flash-boards were assumed to be supported | 
a standard steel pipe having the dimensions and section moduli given ine 
Table 3. The moduli of rupture ‘used were selected from Fig. 12 and are given — 
in Column (6) of Table 3. For each size of pipe used, the two quantities, _ 
and f, determined the resisting moment to be used in design. No ingore 


‘ 
was made for any ‘partial ‘vacuum under the sheet of water flowing over the 


flash- boards, since they were ventilated at each end. 


pre 


“found might: be | somewhat when comparisons | are with other 


= Ps The e data for for standard pipe, the dimensions s of the flash-boards, and ae i 
of pipe were substituted in the bending moment formulas. (Table 4) and the — a 
i head at which the flash-board should fail was determined (Table 3). ae widest 
‘The heads at which the pipes should begin to bend were computed for the 
a horizontal formula us using. a stress of 46 kips per sq in. to determine the bending 
- moment. The resulting heads are given in Columns (18) and (30) of Table 3. | 
4 The Mads at which pipe should fail are given in Columns (12) and (24); and, - 
the heads at which failure actually occurred are given i in Columns (13) and (25). if Ve 
_ The differences between the computed heads and the measured heads are 
~ given in Columns (14) to (17) and (26) to (29). The values obtained from the © “7 
3 normal-moment formula, including the moment due to the flash-board (Cases a _ 
a and 4), and similar values neglecting the flash-board moment (Cases 2 and 3), 
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= of modulus of rupture developed in the following section and given in 


te water above the spillway, height of flash- board, and span , between supports, 
y it is customary to designate two of these and solve for a third. Usually the i 


4 is preferable to use the tabulated modulus of ru pture that corresponds most — 


“FLASH-BOARD PINS 


~ heads for the overflow and 2% higher for non-overflow tests. . For this formula, . 


Column (7), Table 3, were used. It i is seen that the more accurate and co 
Boe formula for normal moment, allowing for both the weight and thickness _ 

_ of the flash-board, probably does not improve the results sufficiently to justify — ie 
its use. Therefore, Equation (20) for non- overflow tests, and Equation (195) 
a for overflow tests, are recommended for use in in the selection of pipe for flash ce 


rupture for design with Equations (19) and (20), values of the test data from 
Table 2 were first substituted in the formulas and the modulus of rupture com- _ 
puted. are given in Column (14), Table 2. In Fig. 12, they are seen 
bei in very close agreement with those of the mechanical tests. "Average values 
_ of the modulus of rupture in round numbers, to be used in Equations (19) 


and (20) for flash-board design, were selected for each pipesize. 


use ‘of the derived formulas Equations (196) (20), i in 
with the relation M = =fS for the design of the flash-board pipes, can be reduced 
toa a very simple procedure. ‘ Since the variables involved at are the height of the 


size « of pipe is te to be determined. — If 80, and the water level i is fixed, i it may be 
"necessary to modify the pipe spacing by trial to compensate for the gap between : e 
we standard pipe sizes. On the other hand, if the pipe size and spacing are fixed, 
Variable Modulus of Rupture —The maximum being a 
. eal of the known section modulus of the pipe (computed | from standard a 
_ dimensions) and of the _experimentally-determined modulus of rupture, is 
determined by the latter. This characteristic, as ‘opposed to the 
constant modulus rupture for a given material, such as steel, constitutes an 
outstanding feature of the tests. It means that for accuracy, different ‘values 
of modulus of rupture must be ‘used in ee the maximum bending 
~ moment for different sizes of pipe since the modulus of rupture ranges from 
_ approximately 70 kips per sq in. for 3-in. pipe to 90 kips per sq in. for i-in. ag 
pipe (see Fig. 12). wl It is here that the test results are most valuable, la 
ee: as the range in modulus of rupture is by far the greatest variable in the design. 


_ Therefore, for reasonable accuracy in the control of head-water elevations, “oe 


A — to the selected pipe size, rather than to assume an average value for me 


oo of Flash-Board.—It is obvious from Equations (19) ond (20) that i 
_ the ratio of the height « of the: flash- board to the total head of water is important. 
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height of water above a spillwe ay a high flash-board gate with o a 
. inches of water flowing over it will fall, whereas a lower flash-board pie 
f- by the same pipe system), overtopped by several feet of water depth, will 


stand erect. This inherent characteristic must be considered i in selecting the be 7 oS . 


appropriate f flash- board dimensions forastructure. 
ae Hinges: —If a flash-board gate is hinged at the bottom, the hinges must be 
loosely fitted. Any binding at the hinge would prevent the flash-board either 
a from sw inging freely under water pressure or from transferring its load properly 
Md to the pipe support. In either case the load on the pipe would be reduced ais fe 
would failat a higher head than designed. 
ge Typical Design Procedure.—To illustrate desien' procedure assume a ites: f 
channel 35 ft wide by 8 ft deep, the entire capacity (depth) of which is required — 


| intime of flood. _ It is desired to raise the normal lake level 3 ft (h) above the es es 
fee spillway-level (crest), limit the maximum flood height above this normal water ie 


level to 2 ft (Hi), and, at the same time, retain a 3-ft free-board between the 


maximum flood height and the top of the dam. The cost of widening this — A a 


— ay channel, so that it would have the same flood capacity at a 5-ft depth, 


compared to this 8-ft depth, be prohibitive. The procedure follows: 


: 4 a (1) Pipe spacing: The customary ‘Spacing for the > supporting pipe for a 


gate of this height is from 3 to 5 ft since wider spacing requires a gate thatis 


‘ - too ponderous to lift back into position after failure, and closer spacing multi- — 


Plies pipe replacement units. eight pipe supports. Then the length 


- supported by one pipe is = 4.4. However, since the gate is ‘sufficiently — 
rigid to distribute the loading equally to all the pipe, they act as a whole and 


are best designed on & basis of total moment. To prevent “curling” at the yi 


ie place a pipe 1 ft from each end of the. gate and space ‘the témnainiing six 
Bs symmetrically with respect to the centerline of the channel ts 
(2) Determine pipe sizes: Use the overflow formula (Equation 
ne bending moment, with L = 35ft. Then M = 375 X 35 X 9(2 + 3) = 354 000 


ee inlb. The: section modulus S = — withf = 70 000 Ib per sqin. - (approximately) BS: 


yields: S = = 0. 632 which indicates pipe between and 23-in. in 


diameter. By trial it is found’ that a -in. pipe at each with four 2-in. 


and two p pipes alternated symmetrically between, gives resisting g moment 
of 353 000 in-lb. This is within the working limits. 
ye (3) Check of yield phe again the combined section moduli 


per sq in. (yield point) — 
= 232 000, which is equivalent to a head over the 


a: 


f that a head of 0.9 ft over the gate will occur frequently it would be better either 
to lower the gate height or use stronger pipe. _ This encroaches on the free- 


a _ board during occasional flood peaks, but avoids frequent unsightly bending of — 
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= An automatic flash-board gate 35 ft long by 3. 2 ft high, , designed i in ace 
-2 cordance with the findings of the Hydraulic Laboratory | tests, was installed 7 as a 
a e Sherando Lake, 10 miles south of Waynesboro, Va., in the George Washington ae & 
a National Forest in the fall of 1935 (see Fig. 1). ‘The wooden gate is hinged at 
s eight points and is sufficiently rigid so that the hydraulic load is apparently 
z equal on all of the eight supporting pipes. These pipes are spaced on about a 
a 5-ft centers with end pipes about 1 ft from the channel side-walls. The ‘average >) i 
length of gate supported by one pipe is 4.4 ft. The hinges are placed behind 
Pa ee the pipes “Es are very loosely fitted to avoid binding or taking part of the Pe 
Floods the gate » three. times during 1936. First, « on March 20, 
‘ when the lake level reached a head of 2.42 ft (determined by an automatic a 
gage) over the top of the flash-board, or within 0.12 ft of that specified, the ie 
_ gate opened gently downward with an accelerating speed as it fell into the surg- te = 
ing tail-water which cushioned its fall. At first the gate leaned more and more hg 
out of plumb until the | angle w was about 20°; ; then all pipes collapsed and fell 


Following this successful field test of 1-in. pipe, the pipe size was 


% “progressively, u using first 13-i -in. pipe and then 2 in. with 1}-in. end pipes. In 


a _ each case the gate fell when the water surface was 0.1 to 0.3 ft below the de- ose 
signed height—that i is, on the safe side. procedure of first testing a pipe 
size smaller than the design calls for is recommended where the | pipe cost is ag 
“a negligible. — This helps to ascertain the effect of local conditions—such as wind, ae 
wave: and action, ice thrust, presence of logs and debris, vibration, and 
4 Other Installations.—One gate costing $500 saved a spillway cost of $15 000. ae 
“a This particular gate was 30 ft long and consisted of two superimposed vertical % ne 
a ‘sections, the upper 2 ft being designed to fail under a 1.5-ft head and the lower Be 

_ 4$-ft section failing under 3-ft head. Vacuum under the nappe caused this ne 


et 43 gate to fall at about 7% | lower head than would be the case with ventilated he 
ay Checks made on n the operation of a number of installed flash-board gates at is 
9 iaidionss adherence to within about 5% of the design water heads, and i int all vee 
eases the failure of the gate has been on the safe side. 
Tt has been observed that, in installations where a considerable degree eee 
-. vacuum i is formed beneath the nappe, the gate fails under a lower head-water c pte 
than otherwise. This offers the alternative of using heavier pipe supports or 
of breaking the vacuum by vent pipes or by other expedients. However, like 
other field test results obtained by following this design n maths, this vacuum 
effect tends to lower the maximum flood stage behind the dam. i 
aie followi ing conclusions have been amplified to include some minor, o ® 
as the major, results of the experiments and field tests because of the 
dearth of informetion on flash- board installations. 
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 PLASH- “BOARD PINS» 
gti a Flash-| boards with standard, steel- -pipe supports can be designed to fall 
consistently within narrow limits under specified conditions. 
(2) In the design of pipe supports for flash-boards, the simplified horizontal 
formula (Equations (195)) for ventilated overflow conditions, 
Equation (20) for will ¢ give results within 


lists of pipe e standards as shown in Table 2. The moduli of rupture 
resulting bending moments recommended for use in these formulas are given 
in Table 5. The stress at the yield point may be taken n as 46 46 000 Ib per sq in. | 
‘Yo ‘TABLE 5.—REcoMMENDED Mopuur or Rupture 
toy Sizes (Nominat Diamerer) 1n IncueEs ater 


Bending Moment, in ‘pounds... 


‘ 
) If is desired, ‘the ‘Sppropriate normal-moment 


(4), (8) or may be used with the moduli of rupture shown in 


eae 6) The ratio of height of flash- board to total head of water should be such 
that ordinary floods can we passed Ww ithout permanent bending of the pipe 


consideration i in 


a without producing failure, as long as the maximum load at which failure should _ 


occur is not reached . W hen the maximum load (head) is reached, how ~ 3 


the pipe will assuredly collapse and fall completely. 


— (8) Uniform bending up to a critical angle with the vertical, of from 20° 
ii Vacuum under the nappe causes \ collapse of the fi 

3 board pipes at lower heads than designed. This is generally on the safe side. \ a 


(10) Because of loading conditions and relative wall thickness, the modulus — 7 


4 of Tupture used in designing steel pipes for flash-board supports i is considéeably pe 
:, greater than the minimum specified ultimate tensile strength of the metal in 
the pipe. This variation is greater for the smaller 
(11) The formulas recommended for. design Table 4) do not allow 
the indeterminate effect of wedge, or “ jointed, flash-boards, or 
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+ 80000 | 77000 | 73000] 72000] 70000}70000| 70000 
5600 | 10 400 | 17 150 | 23 800 | 39 200 | 74.900 | 122 500 
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iA Hee mentally from mechanical as well as hydraulic tests for pipes larger than 1 in. ee a cot 
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interlocking. and of “butt”-jointed flash- boards, in 
the desired elevation of the head-water. © = 


5 a (12) The use of solid steel or iron pins for flash-board supports ‘seems to be 


be jG not as dependable a: as the use of standard steel pipe. wo sheet seminars 


+ } ‘08 ) 


sail 
The success of the work was due largely to co-operation 1 between the v. 
Forest Service and the National Bureau of Standards. _ lo stale 
| hydraulic tests were conducted i in the Hydraulic Laboratory Section of — e 
the latter ‘under the | general supervision of H.N. Eaton, Chief of the Section. _ 
Mr. Eaton also carefully reviewed and edited the previous report as well as the a 
manuscript of this paper. The apparatus was constructed by C. W. Elliot of : xs 
the laboratory staff, and in making observations, « other members of the staff, as_ 
well as men from the office of the Forest Service, participated. The mechanical 
: coy tests were made in the Engineering Mechanics Section by A. H. Stang, and ee 
‘others, un under the s supervision of H. L. Whittemore, Chief of the Section. The 
work of these laboratories is supervised generally by H. L. Dryden under Lid s ; 
Briggs, Director of the National Bureau of Standards. ss 
C. Dort, M. Am. Soc. C. E., proposed the laboratory experiments 
_ check the design for the installation of flash-boards at Sherando Lake. F.L. | 
Brown, ‘Jun. Am. Soc. C. E. Was assigned to the hydraulic | laboratory during 
the tests and A. H. Ronka, Assoc. M. Am. Soe. C. E., assisted in the analysis a 


Regional | Forester, R R. M. Evans, is Chief of Region U.S. Forest 


W. Norcross, M. Am. Soc. C. E., Chief of the Division of Engineering, 
U. S. Forest Service, and F. A. Silcox is Chief of the Forest Service. 4 


(1) F. “Movable Dams. Transactions, Am 


The Pennsylvania Water and Power ‘Company of Baltimore loaned their 


voluminous test data freely and facilitated inspection of their flash-boa ad 


. Soe. C. E., Vol. 39, 


‘Muller, Richard. A Formula for Calculating ‘Flashboards for Dams. 


Engineering Record, Vol. 58, No. 8, August 22, 1908, 
(3) ——. AnArched Dam at Las Vegas,N.M. Engineering Record, Vol. 62, 
No. 15, October 8, 1910, p. 404. 
Scheidenhelm, F. Ww. The Reconstruction | of the e Stony Dam. 
_ Transactions, Am. Soc. C. E., Vol. 81 (1917), pp. 907-1110. 
mo} Kanekeberg, A ‘A. Diversion Chiefly of Collapsible Units. 
Engineering News-Record, Vol. 99, 19, November 10, 1927, p. 769. 
(6) Jacobs, Joseph. Improved Flashboard Design Increased ‘Hydro Plant 
‘ug welt Capacity. Power, Vol. 68, No. 20, November 13, 1928, pp. . 793-794. lien a 
Tilting Slab Flashboards. Provide Emergency Engineer 
News-Record, Vol. 105, ‘No. 7, August 14, 1930, p. 263. 
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Bell, Blocking Spillways of Dams is Mi 
News-Record, Vol. 107, No. 2, July 9, 1931, p. Cot, 
Carter, C. E. Hinged Flashboards for Headwater Control. Electrical 
World, Vol. 100, No. 3, July 16, 1932, p. 79. 

—. Flashboard Resetting Platform Conserves Water. 
World, Vol. 102, No. 9, August 26, 1933, p. 273. eg sree 4 


4 Power-Driven Hoists Handle MelIndols Dam Flashboards. Power, 
77, No. 11, November, 1933, pp. 570-571. 
(12) Barrows, H. K. Water Power Engineering. McGraw-Hill Book 
New York, N. Y., 1927, pp. 491-493. AL ba 
3) Creager, W.P. Engineering for Masonry Dams. John Wiley & Sons, Inc., a 
New York, N. Y., 1929, pp. 248-254. 


KF ‘fe 4) - —. Relative Merits of Various Types of Spillway Gates on or or Adjacent ij . 
to Dams; Flashboards, Needles and Stop-Logs. Electrical West, Vol. 


60, No. 6, May 15, 1928, p. 365. dahou 
— Tests of Steel-Pipe Pins for Temporary Flashboards on Spillways. 
os National Bureau of Standards Report, Washington, D. C., April 3, 
(16) Betts, C. A. Controlling Flashboard Drop by Collapsing Pipe Supports. 
Engineering News-Record, Vol. 116, No. 18, April 30, 1936, p.627,. 
Unpublished Data on Flashboard Tests. Water and 


- (18) Defined by Standard E6-36, A. S. T. M. ‘Standards, 19 1936, Pt. I, a 


Ww ow Pe 855, the yield point is: “ The stress in a material at which there occurs 7 “s { 
| a marked increase in strain without an increase in stress.” 


a9) Fuller, Charles E. and Johnston, William A. u . Applied Mechanics, Vol. I, 


height « of head- water above the crest of the dam at failure; H, = height 


of water surface above the top of the flash-board; 


= height of the flash- -board above the base of the hinge; = distance 
ait from the base of the flash-board to its center of 


4 4 
ying notation with American Standard Sym- 
‘for Mechanics, Structural Engineering, and Testing | Materials,* ‘compiled 

by a committee of the American Standards Association with Society 
"sentation, and approved by the Association i 

in, lever arm to a local force, P; a = lever arm to P;; a, = lever arm to Bs 
a3 = lever arm to P3; and = lever arm to the force W; 

= diameter of pipe; D, = external diameter; and, Dy = interior 
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st * pokes L = length ofjflash-board, along the crest, that is supported by one pipe; te, 


erage spacing of the supporting pipes; 

hone = maximum bending moment; Mg = the moment due to the weight of a 

flash-board; My = moment due to water pressure normal to 

flash-board; the total moment acting on a supporting pipe is 
My + Mz; My’ and My” = the approximate moment due to 

eval, val _ water pressurefon the flash- board; Muy = the moment due to water 


so pressure on a flash-board assumed to be sw ung back to the vertical 


‘nS P = concentrated P,, P2, ete. are local forces; 


average thickness of the flash-board; 
weight of flash-board, in pounds per pipe; 
specific weight of water (62.4 lb percuft); 
= specific weight of the timber used for flash-boards; 
angular deflection of the flash-board from the vertical. 


- 


ae 
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Overflow Test No. 32.— —The pressure diagram for Test No. 32 is shown a 
a Fig. 10 (a) and the 1 pipe data s are given in Table 2. The distribution of water 
pressure on the flash-boards is shown diagrammatically, and the force diagram par. 
thus obtained is divided into conv enient areas for computing the moment. wm 
i. dimensions are in feet. | ‘The: summation of the moments of all the areas around — 
_ the base at Point O represents the total water a ° The moment of W 
Referring to Fig. 10 (a): -H= = 4,15 ft; Ww = 150 lb; h = 1.17 ft; i = 21° bal 


For For normal moment take moments around 
My = P, (2. 18) + (2.07) + P, ©. 
aria. + Py (0. 62) +. Ps (0. 11) - 0. 


‘Again, appropriate values in Equation (22), My = +7. 96 (12 w 
; 4 in-lb; and, neglecting Ps, My = 48 130 in-lb. Then, M = Mz + Mw = 500° 8 


‘The stress in the pipe (modulus of rupture) 


sq in. as in Column (13), Table 2. port-deal? 


“4 Substituting appropriate in Equation | (21), = 540 
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P. Creacer,$ M. Am. Soc. C. E. (by letter). —An excellent series 
of experiments, indicating the strength of flash-board pins, has been presented in 
¥ this paper. It should be noted that all of the experiments were made with me 
~ completely aerated jet yet, in ‘most cases in 1 practice, the jet is not aerated and 
avacuum loadisadded tothe pins 
z ‘The designer aims to provide an installation w which will surely fail before a 
ie water surface reaches an undesirable elevation. On the other hand, he does” 7 = 
ns not want failure to occur too soon because that would result in a greater number 
of replacements. . Therefore, he is a anxious to the pins with as great 


er ee authors recommend a modulus of — varying from 70 000 Ib per = 


The difference between these stresses and those found by the oubiiies rs may va gi 
(1) The > tests made by t the writer involved actual cases in which a a vacuum | 
_ occurred under the jet. The amount of the vacuum being unknown, the com- 
- puted failure stresses of 42 000 to 58 000 lb per sq in. . disregarded the vacuum, — 4 
If this vacuum had not occurred, as in the case of the authors’ experiments, the re a 


computed failure stress would have been higher. 


e - which involves rolling the pipe in the finishing p 
_ which has a tendency to raise the yield point. 
(3) Present-~ day tolerances in pipe thickness are “tighter” than were 
- formerly. _ Hence, the average pipe thickness to-day is greater, resulting i in an “si 


, ai 8 water higher than that anticipated would cause damage, the writer recom- a 
_ mends the use of the authors’ design stresses for the first installation. In all 
probability the effect of vacuum in the usual clear crest installation will result 
in the boards failing too soon and the use of somewhat stronger pins in s suc- 


LINCOLN Ww. Jun. Am. Soc. C. E. (by letter).- 
in connection with the design and construction of three small flash- board ies 7 = 
~ for gound-water level control on an open drainage channel, it was necessary to 
select pins that would fail within a small range i in the height of water above the 
“crest of the dam. It was required that the boards remain in place with 1 ft, 
and certainly fail with 2 ft, of water overtopping them. The purpose of the 
a tests was to determine the maximum | bending ‘moments of the | pipe specimens — 


Engr., Buffalo, N.Y. 


ie ee Handbook,” by William P. Creager and <¢ D. Justin, Members, Am. Soc. C 


Metealf & Eddy, Boston, Masa, pect 
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a tentatively by the designing engineer® in order to check and control the 
variation in overtopping to be expected i in the field. 


B.A The apparatus, set up as s shown in 1 Fig. 13, differed from the straight canti- _ ‘i 
a lever principle utilized by the authors in having two specimens of the same size — ae 
_ inserted into opposite ends of a close-fitting pipe sleeve. The load was applied x: 
at the middle of the sleeve through a stiff section of I-beam. ig The sleeve and 
: stiff member simulated closely the action of the cantilever jig in the afore ee 
r mentioned test, there being no appreciable distortion in the sleeve. It is | 
believed | that this test rig is simpler than that used by the authors and will % <1 
yield equally correct reaulta. Yolo on eon ve 
B00 


10" 

od yan 
“Reaction Reactions Measured on Platform by 


<2 


The low height of the end not allow the bending in the 
i “é the pins to the greater than 20° amount possible i in the authors’ test; but 
= in this set-up, supporting the ends of the pins farther above the — 8 4 


platform of the e machine, w ould allow bends, limited only by the vertical a | 
of the screw or the ultimate breaking point of the pipe ‘specimen. — Such a 
modification is not necessary for the test as conducted, however, since 


“ maximum bending moment was reached before a bend greater than 8° was made. > Ee 


_ The specimens for the first test were 6-ft lengths of 2-in., nominal hebeien 
a standard d weight, seamless steel tubing marked “Pittsburgh- P- Seamless Tested va 
1000 Ib. Grade A. es Each « specimen was inserted 14 in. into the 28-in. long, pie 
24-in. standard weight seamless tube sleeve, and was supported at points 48 in. Fes 
from the ends of the sleeve | on steel plates and rocker supports. = = i ; 
at The specimens for the second test were 2}-in., nominal diameter, standard a 
oo weight, seamless steel tubing marked and supported as for the first test. The orem 
28-in. sleeve was of 3-in. standard steam pipe. 

_ _The results of the two tests, and compar no wi th the values recommended a 
The resu 8, comp isons Wi 

by the authors are presented i in Table 6. An examination of the results of the — ‘a 

‘ two tests shows. that a departure from generally recommended ¢ design values i is 
4 to be expected i in individual cases. It is important that tests be made of the 
‘Selected Pipe when close control of the water level at failure of the boards is 


desired, with the thought i in mind that a change i in . design may possibly be i. 
made, based on such test results. 


‘The method of testing, using two specimens at one time, tends to give an 


average value, for although in tests described herein the 
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.ASH- BOARD PINS 


glways parallel to the bed of the machine, the uniform of 


TABLE 6.—Comparison oF Teer Resture 


Pv 


Nominal diameter of specimen, in inches. 

Maximum load recorded on testing sanghine, applied a at the center of re 
_| __test set-up, in pounds 

| beading in inch-pounds. . 


unds per square inch 
$4 —— ending moment for use in design (see Table 5), in inch- 
poun 


bab Comparison of results, in percentages 


=} (Item 2) times 48 inches. 
4 The section —— were those mee from t the standard dieaeesions for the — of pipe 


Institute of Technology, devised the of testing 
and conducted the tests in the laboratories of the Institute; acknowledgment i is 
| mde fr permission to include a description of his 1 rig i in this discussion. aE 
Scuunzen,” Assoc. M. Am. Soc. C. E. (by letter).—Considerable 


F credit is due the National Hydraulic Laboratory for its tests o flash-boards 


2 - and to to the authors for their suggested methods of rational flash-board eel ae 
epee the tests have been conducted in a thorough manner and the use 
= _oof a full-size flash-board should increase the reliability of the data. It is to 
be regretted, however, that limitations of discharge i in the laboratory precluded 
(teats at higher overflows, particularly at the larger pipe sizes. The obese ba 


development Holtwood, Pa, a These tests included mechanical 
ing tests on solid steel pins, wrought i iron pipe, standard steel pipe, and extra 
_ strong steel pipe of various sizes. . Tests were also made to determine | the actual — 

. water pressure exerted on a flash-board deflected through various angles a 
the vertical under several depths of overflow. | 
; ie The mechanical bending tests were conducted in | the following manner: The 

specimen under test was inserted in a socket of 6-in., extra § strong, | pipe 12 in Z 

ng. The socket was reinforced at the top ' with a pipe flange and grouted into 


= a concrete floor. : Suitable sleeves were used in the socket to give a snug fit 
“with the various sizes of pipes and pins. The load or pull was exerted at Brg 
point 40 in. above the s socket and was maintained normal to the specimen | 
"throughout the test by connecting the specimen, at the point of pull, through — 

_ & spring-balance dynamometer to a 4- in. channel, which, in turn, was hinged 
toa support at the base of the specimen. A pull from a windlass was then Re 


on the channel, causing it to rotate with the specimen. . The pull normal 
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to the s specimen was read’ on while the angle of deflection 
was ‘Tread on scale, Since only the resisting moment at the top 


an appreciable error. Three specimens of each size 
pipe or pin were tested and the results averaged. tor at boutons 
_ The results of the tests on n steel pipe are shown in Fig. 14(a) in which | the 


resisting moment has b been plotted against | the e angle of deflection. The ‘writer 


: for a given pipe size. In addition, such procedure gives misleading ‘stress 

values, as the actual section modulus is changing continually as deflection — 
i progresses. The curves in Fig. 14(a) show that pipe is well adapted for use — : 
- flash-board supports since the deflection increases with the moment until — 


a definite angle, characteristic for. each } pipe size, is reached, beyond which the 
7 - deflection i increases while the moment decreases. This is a desirable character- 


- obstruction to the passage of wailed, | ice, or debris. Table 7 summarizes the 
‘maximum moments and the angles of failure for the various sizes of pipe tests. .< 


a The resisting moments of the individual test specimens of the same size va 
_— 5% of the averages given on the curves and in the t —-— 


Maximum 
resisting 
moment, 
in pound- 
inches 


Deflection Deflection cyt Si Maximum a 
from the :* of resisting from the Size of resisting | from the 
vertical, at vertical, at moment, | vertical, at 
maximum pipe, in ss i pipe. in in | maximum © 
| moment, ene = ound- | moment, 


SraNDARD STEEL 


39 000 
77000 
107 000 
136 000 
178 000 
216 000 
312000 


WoO 


Holtwood tests are comparable with the National Hydraulic Labora- _ J 
_ tory tests for pipe sizes of 2, 2.5, and 3in. The angle of deflection at failure = 
Se is greater in the Holtwood tests than the National Hydraulic Laboratory tests a 
and the value of resisting moment is slightly boa ier aft 
_ The results of some typical tests on solid steel pins are shown in Fig. 14(b). ad 
4 lt is evident from these curves that the continued gradual increase in deflection _ 


ss with i increasing ‘moment makes solid pins unsuitable for flash- board supports, 
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SCHULEEN ON FLASH-BOARD 


by aibtinns grooves on the front and back sides of the pin at the support, but ae 4 
- this m method i is not practicable. be _ The use of solid pins will usually be far mo i 
The computation of moment on a flash-board with overflow after deflection — 

~ started, with a normal moment formula, such as Equation (9), is obviously — is 
in error since static pressures are attributed to flowing water. Anattemptto 


es 


ao 


2 


in which the actual moment the board was measured at conditions 


— 


— = 


7H =25))4H = 


From Tests on 
Board 1.8" Hig! 
18" 


6 
it 


"Moment, M, About Bottom of Board, in ate 


Fic. 15.—ComPaRiIson OF » Moments with Acrvuat Moments at VARIOUS 


steel tape running over its edge. he The dynamometer, in turn, was nmi a 
by a cable to a hand-operated winch. The quadrant and the board were a 
al counterbalanced 80 as to be i in a balance i in a any position. JA seal of negligihle 


flume with paraffin and scraping for close clearances. Four piezometers “a. 
_ Placed ir ina vertical line: on n the | board t to indicate the pressure distribution. The — 


the bottom of the board, » in pound feet, could be read directly o on the dyna- 
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co a place. Another disadvantage is the tendency for the pins to bend from § to evi 

er =a. in. above the socket and thus continue to obstruct the passage of ice or debris i 4 - 
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mometer. Tests on the 1.8-ft board were limited to ranging 
hb The results of the tests are shown in Fig. 15, in which the measured mo- 
ments, together with the moments computed from the normal moment formula, si 
are plotted against the angle of deflection. At 2.2-ft head the test oom 
“ increases with the computed moment up to a deflection angle of 30° and then “2 
decreases, while the computed moment continues to increase. the e higher 
mS heads, the point of divergence between the test and computed moments occurs 
ia at lower angles of deflection, and at 3.3-ft head there is an appreciable ee 
1 at zero deflection. The piezometer readings indicated this reduction in pressure _ 
a4 as the angle of deflection increased to be greatest near the top of the board. “4 
7 An interesting corollary of the tests was the determination of the effect on - 


line of flash- 

i the nappe decreased the moment on the board approximately 7 per cent. add 
E. Fretp," M. Am. Soc. C. E. (by letter)—In pointing out the 


a uses and desirability of the pipe- -supported, collapsible flash- board, this paper i 
is 80 . complete that little remains to be added. ‘The authors are to be com- %j 
mended for the great care with which their research was conducted, and to be ; 
for the very practical conclusions made av ailable to the engineer-— 
ing profession. The writer has used, ‘and caused to be installed, such flash- 
\ boards in the spillways of canals and reservoirs, but until he was furnished P 
' with advance information and data by the authors, he has hesitated i in recom- yo 


“mending them unless installed under his personal supervision. Me 


4 
_ §pillway costs are no inconsiderable part of the entire cost of a dam, and % a 


“with “fool-proof” collapsible flash-boards that cost is reduced materially and an 


much of the valid objection to flash-boards in spillways will be answered x 


i The) writer has seen many, and has installed some, collapsible flash- boards 

> i If the dam and spillway are close to a power-plant where experienced men ie , 
me available at all hours, and especially where there are telephones to give — 

4 of approaching fi floods, operated fl flash- boards i in spillways 


. The publication of the paper is opportune as records of the size of maximum ~ “i 
constitutes necessary spillway capacity have been greatly altered, with the — 
result that the capacity and cost of spillways have been increased materially, 
Many existing spillways, heretofore considered to be of ample c capacity, ‘must a ee 
‘ 
be increased in size to conform to the probable maximum flood as determined | Ee 
We The failures of more than.100 dams in New England, New York, rand New 
Jersey, in March, 1936, were due to inadequate spillways and are a forceful 2 


yi & have been considerably changed i in the last few years; and ideas of what 
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argument for the re-examination and change i in the design of existiag spillways, 

: — Ani increased. depth by lowering the floor or lip of the spillway with collapsible se 

pipe- -supported flash-boards, installed to ‘maintain the ne necessary height of 

2a water in the reservoir, will often be the answer to the new problem. © 

er Two valid objections to an uncontrolled spillway are the probable loss of uk 

stored water, and the difficulty of stopping the outflow after the danger point 

“ee has passed. These objections can be met in part by so selecting the pipe sup- q 
ports that those most accessible and easily replaced will fail before others. — 

ve The authors have studied a flash-board so designed that the upper part collaghal:. oe 

at a predetermined height of water and the lower part at a higher stage of water “a . 

3 level. For a narrow spillway, pipe set horizontally in sockets, in both of the _ 

concrete abutments, could be made to muppet an upper portion of the 


Wariations in the details of the all based on the fundamentals shown in 
“<a the paper. . The writer has found this type of flash-board very satisfactory ah ue 
& canals, and the description of one actual problem may be of interest. = 
1 The cross drainage was taken into the canal primarily to secure the water 
storage and also ‘to obviate an expensive culvert or overshot. ~The cross 
drainage water from moderate rains could be carried by the ‘canal; but storms 
eed quite common trop which the storm water would be in excess of the a 
2 capacity of the can 
rock cut, up from tee cross drainage ‘the lower bank of the 


: canal was cut down toa level 2 ft below the high-water line and pipe | supported E 


flash-boards installed in the cut. They were designed to collapse when the i. 
A water rose 1 ft above the high- water line so that when the pipe failed the waste- a 


way would carry & depth of 3 ft of water equal to the maximum estimated 


a inflow from the cross ‘drainage. Under certain conditions the flood water will x 
a flow up the canal and be discharged through the spillway; this prevents an — a 
excessive flow below the point at which other cross drainage i is probably rated Th 
a a the canal. The ] plans called for three such wasteways although the canal was — 
‘= provided with a regular wasteway with its floor somewhat lower than the TES 
of the canal. This wasteway was provided with slide gates and hand-operated — 


‘In 1905, before the pipe- -supported flash-b boards were the 
4 provided in one large canal by 


thereby relieving the canal of its excess of cross ss drainage water. 
This design was considered “fool-proof,” certain in operation, and easily re- 
a placed. - The writer is now ‘wondering why he did not think of ae | 


i - flash- boards in this ‘case; and he would have profited greatly had the ey 
_ of the paper been available to him at that time. 
= «Suntan H. Wurtz," Assoc. M. Am. Soc. C. E. (by letter) extensive 
tests reported by the authors to restore in use of 


a 
is Engr., Howard M. Boston, Men. 
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with remarkable accuracy. For practical purposes, '& variation of 
— only 2% of the head, as obtained d by t! the authors, would meet every requirement. — = 
cs However, if such close results are expected with conditions different from those _ 
Be under which the tests were made, a better understanding of some factors not — 
evaluated in the paper is necessary. bre, msotiod Ja babd ed? 
The reduction of pressure atthetop 
of flash-boards, due to overflow, and id) | 
boards beneath the nappe can cause Inctined 20° Downstream 
> a error in head at failure in excess sonnel 
Through the courtesy of Charles 
_M. Allen, M. Am. Soc. C. E.,Dire-e 
tor of the Alden Hydraulic Labore- mbol Ratio eight ot Boards 
of the Worcester Polytechnic Boards Vertical 
brief tests to obtain more informe- j te: | 
tion on these two factors, and the 3 - 9 


36 
le 
the tests, a 5-ft glass-sided Boards Inclined 20° ty 


was narrowed to a width of 
ft for a length of about 14 ft, and a 
wooden flash-board 1.51 ft high was 
set in the lower end. The back of 
the board faced with a 
brass plate, set with the top above 
G the wood to form a crest, and care- sodalite 7 
fully drilled for 11 piezometers. The 
piezometers ¥ were set in the center of 
2 the board 0. 010, 0. 020, 0.040, 0. 080, | ; 


wo} 
: 0.161, 0. 318, 0. 450, 0. 750, 0. 950 


1.200, and 1.451 ft below the crest, 
and were connected to 0.5-in. gage | 
glasses. Water, measured by ven- 160} 
_turi meter in a 12-i in. pipe, passed 
entering the flume. The head on 


(Percentage of Total Head on Crest) 


about 6 ft up streamfrom the flash- 
board, and in some tests was checked with a point gage. In certain runs, 
_ where a high velocity of approach was desired, tl the bottom | of the channel — 


raised to a point 0.50 ft below the crest. bre odd ni 
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WHITE ON FLASH-BOARD PINS vom 


i the velocity head in channel varied from 0.001 ft to about 
: 0.13 ft. The results are shown in Fig. 16, in which the reduction in pressure 
= different points on the boards is expressed as a percentage of the total 
: head on the crest. The tests showed that in the case with the boards vertical ie 


- the pressure head at the bottom, and for some distance up, was greater than 


the depth by an 1 amount very y nearly equal to the velocity head. Therefore, the a 


to the average velocity of approach) was for the reference. With the 
4 inclined boards, the increase in pressure at the bottom was not so pronounced =e 
‘d hae fact that the pressure distribution is very nearly the same for 8 oe: 


this was not true for those tests with extremely high velocity of approach, : 
_ such” high velocities would not normally be met in practice. The pressure is 
reduced much more on a board inclined 20°, its approximate angle a failure, oo: 
than when the board is vertical. The area affected in both cases extends oe 
from the crest downward a distance equal to about: one the head. 
eety below this point, the: pressure is the same as for static loading, with» 
; - depth increased by the velocity head of approach. With heavy overflow Fs 
the percentage | of area of the board affected becomes greater, and, because of 
its distance from the base, ‘it may alter the bending moment considerably. sdk cre 
__ Observations of the height to which water behind the nappe rises were nad 
the flash-board in the vertical position only. For these tests, the three 
lowest. piezometers on the boards were reversed so that they measured pi pressure 
4 © on the down-stream side. A staff gage was mounted on the down-stream face x 
of the boards for direct: Measurement of the water height. The sides of the 
flume were made tight for some distance down stream, and provision 
made so that the nappe could be ventilated or sealed as desired. A piezometer 
» the side of the flume just below the crest was connected to a U-tube partly 
with water to determine the amount of vacuum existing under the nappe- 
os any time. Tests were made with the water falling upon the horizontal a 
floor of the flume, and also > upon an inclined floor set at two different angles. 
a, In all regular tests there was no effect of back- -water. The water left — 
_ flume a short distance below the point where it struck the floor, and dropped — 4 
_ Runs were made with ventilated a nd unventilated nappe. _ The flow, head By 


as well 


the floor. In the unventilated runs, the vacuum in feet of citing 
the nappe wasalso measured. 
____It was noted that when the underside o' of the nappe was s fully ventilated, and “Je 
no vacuum existed, the water in the , gages ‘connected to the piezometers was 
all at the same elevation. Although the piezometers were set at different aa 


_ heights in the flash-boards, , and the water under the nappe was somewhat 


— 
— 
Measurements of pressure on the up-stream face of the flash-boards were | ; 
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WHITE ON FLASH-BOARD PINS 
‘agitated, the | piesometer. gages agreed with the staff gage. ‘Thus it was con- 
-— duded that when ventilated the height of the standing water is a measure of ‘ 
the pressure exerted against the flash-boards, and the distribution is is the same 
4 A. Schoklitsch* points out that the rise of water behind the nappe of a P 
weir is not. due entirely to the existence of a partial vacuum, but is partly — 
caused by the reaction of the water being turned to its final direction of de- Poy 
oy -~parture as it strikes the floor. Those tests with the ventilated nappe were 


analyzed on this reaction besie, _ were found to agree very well. ‘The 


* __ Referring t to Fig. 1, the reaction of the water ‘flowing at velocity V being e 
e turned through the ange, ol is balanced by ‘the standing water behind the — 


J 
4 
5 
y 


Where the sloping floor made an angle 8 with the horizontal, the equation — 


used. The value of the depth d is quite uncertain because of the curved 
transition, and with a sloping floor it becomes even more indefinite. The -. 
term d? cos? 8 is 8 only an approximation used because greater refinement seemed i 
unnecessary in view of its small value in comparison with the « other term 
_— under the radical. Equations (24) do not consider losses and certain other = 
a ‘Phenomena and are therefore not exact. Probably the water behind a 
_‘Bappe above the height d accelerates the falling sheet in the horizontal direction, 
hanging both the angle a and the velocity V. If the true values of — 


bits 
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. ber = _ For the method used in estimating the reaction height for any particular flash- see) 


4 a board installation, and for the few experiments with which it was checked, the aoe 
a formulas given appeared applicable. 


aps The heights of the standing water as observed in the tests under various 2 ; 
‘a conditions are shown in Table 8, Column (4). The heights as calculated by 3 


EIGHT OF THE AND- EIGHT or THE Sr 

THE APPE BOVE THE THE NapPE Asove TH 

on from | the floor on from | the floor 

crest of | crest | with the erest of} crest | with the 

boards, |to floor,| _hori- Computed boards,|to floor,} _hori- Ob- Computed 
in feet | in feet'| zontal | Served from Equa- | in in feet | zontal | Served from Equa- 
0.78 | 1.5 | 0 | 0.94 | 0.91 | 0.94 | 0.36 | 0.79 | 17°45 | 037 | 043 | 04 
15 | | 079 | 077 | 081 0.50 0.86 | 17°48 | 047 | 053 | 087 4 
045 | 15 | 08 | 0.61 | 0.60 | 0.62 | 0.62 | 0.93 | 17°48 | 0.56 | 058 | 067 8s 
115 | 15 | 0° | 125 | 1.14 | 1.27 | 0.77 | 1.00 | 17°45’ | 0.65 | 0.74 | 0.80 —— 

15 | | 0.88 | 0.87 | 0.89 | 1.08 | 1.22 | 17°45’ | 0.92 | 0.92 | 1.07 an 

1.18 | 6° 24° 0.71 0.76 | 0.81 * Using measured nappe dimensions from test. 4 

0.77 | 1.20 | 6°24’ | 0.80 | 0.86 | 0.90 Using scaled nappe dimensions from plot of 
ie 15 | 125 | 6° 24’ 2105 | 1.05 | 1.21 theoretical nappe cape 
Equations (24) from measurements of the nappe made i in the tests are shown ff 
in Column (5). For these calculations, the measured angle a was ‘used, and 
the thickness of the nappe at the foot of the fall gave a value for d which was ant bb 
also used to compute the velocity V from the known discharge. The de pet Se ro 
ment is very good in the tests where the floor was horizontal (B «OF = fair 


“,  mappe a at the foot of the fall, the angle of the jet : at contact, and the distance 
on of fall, if striking an inclined dam face, would not be known. To see what 
kind of ‘approximation could be made in this circumstance, , values of these 

~ unknown quantities for the conditions tested were scaled from a 4 published plot 
. _ of theoretic nappe shape. The resulting calculated heights of the water are 
- shown in Table 8, Colina (6). Although the agreement is not all that might © 
be hoped for, it offers a method of estimating a factor which has been entirely 4 
: in many flash-board designs. As the moment varies approximately — 

as the cube of the heads on either side of the boards, and as the water rises e 
= behind the nappe only a small part of the head on the up-stream side, the 
_ discrepancy of 20% shown in some of the computed figures would be much 


the case of a proposed flash- board installation, , the thickness the 


range. Apparently the water continually carries out small amounts of 
= air, and if the fall is low the underside can become completely filled with water, oe e. 
Thee there i is no means of access for the outside air. , The writer made 
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“too few deyetianiata to learn just what the pressure conditions are under this 


i - When a partial vacuum ¢ exists under the nappe, the pressures which occur _ 
= the flash-boards are best illustrated by comparison with those obtaining — A 

_ when the nappe is fully ventilated. — In the ventilated condition, a a given flow 
Pe  gaused the standing water to rise against the boards to a height of 0.79 ft, i a 
indicated both by the staff gage and the gages connected to the piezometers. 
_ With the same flow, but with the 1 nappe sealed, a@ vacuum of 0.12 ft was ob- 
‘wena . The jet was deflected inward approximately 6°, and the staff gage — 
read 1.01 ft above the floor . Gages, connected to piezometers located 0.06 ft. 
: 19 ft , and 0.56 ft from the floor, registered pressure heads of 0.95 ft, , 0.91 ft, 
: 0.87 ft, respectively, above the floor. The gage to the upper piezometer 


differed from the staff gage by 0.14 ft, or about the height of vacuum in feet 
et of water. The ga gages to the other two piesometers : differed from the staff gage 
by amounts less than the vacuum, probably because of the effect of impact on ~ 

- the lower piezometers which are in a region where the water under the nappe 
is more disturbed. It is interesting to note that, although the partial vacuum ji. 
decreases the pressure on the down-stream side of the flash-boards above the - 
_ standing water, the total pressure due to the standing water itself is greater 
a it would be if the nappe were completely ventilated. There is still so 
P ~ much uncertainty regarding the question of vacuum that, in the case of a 
_ proposed installation, it would | seem | advisable to provide means to insure 


; ee To apply the results of these experiments to a practical problem, the writer 
oe the bending moment at failure for Test No. 32, using the reduc- 


overflow, where the area affected by this reduction would be large. To be eet 
- sure that the concrete dam used to support the pins had no psn on the 
pressure distribution, several runs were made using | the same flash-board as 
previously, but with a wooden dam. similar to that used j in Test No. 32, all 
built to scale. No difference in pressure was noted. 
ar, total bending moment, including the moment due to the weight of 
bes flash-boards as given in Appendix III, was 44 200, ‘in- -lb, which is about 
i 9% less than that computed by the normal moment equation. This gives mt is 


nie 


‘modulus of rupture for this test of about 71 700 lb per sq in., which is closer 
.* to the recommended value of 70 000 than the value in Table 2(a). Poel oe 

cs 2 If the boards of Test No. 32 had been installed on a flat-crested dam, the 
standing water behind the nappe would have risen to about 1.9 ft, and this “ 
would cause a further reduction of the moment of about 6500 in-lb. The 


4 

, ee ie combined effect of the reduction in pressure on the up-stream face and the beck = 

pressure would thus alter the bending moment by about 22 percent. 

4 ‘ortunately, the relationship between bending moment and head on the 

aa boards is such that the effect of any error in moment on the water-surface on 

dlevation is greatly reduced. In many flash- board installations the change 


+ head due to the tw © thetets discussed will be very small; however, where : 
it is important that flash- boards fail within a narrow range, both the reduction _ 
in pressure on the face of rise of water under the nappe 


) 
| = 
42 
— 
i 
ee 
ia 
+ | 


simplified horizontal moment formate i is used i in the design of flash. 


board pis pins. The equation i is readily obtained from. Fig. 1 10(e), in ‘whieh a, 
and and it is usually given intheform: 4a 
in inch- -pounds, and with w w = 62. 5, (25 ) becomes 
3 . a The te reduetion i in the value of of the modulus of rupture per ‘unit area, with 4 


Ss 
b= 
4 
= 
one 


£ of vital importance. The ‘euthors report a 20% reduction in the unit 


iz a. rupture value between pipes of 3-in. and 3-in. diameters. This raises the — | 

question regarding pipe sizes not within the range of the authors’ tests. Will 
* the same rate of reduction in unit value apply to larger diameters? In the zt o i 
a ae absence of laboratory test results with which to answer the question, data from — | I 
ee actual structures will be needed. For this reason, the following data my ae 
the. flood of September 21, 1938 (with a run-off of 600 cu ft per | 
per sq mile), a section of the ¢ Cobble Mountain spillway flash-board, 44.92 od 7! I 
long, functioned properly, in complete accord with its design. The pins 
‘consisted of 5-in., standard, wrought-iron pipes, and in this section they were t 
eh spaced at 4. .083-ft centers. The height of the flash-board was 7ftand H; = 2. 2 Bed 
ft. Then: From Equation (19d), = 343 840 Ib-in.; from standard | pipe 
tables, 5. 563 in. and D; = 5.045 in.; from Equation (1), S = 5.47;and 
average of the several on some of the pipes s resulted in 
 D, = 5.60in. and D, = 5.07 in., with the corresponding S = 5.659andf=608 | ! 
ioe’ per sq in. The @ifference in the ultimate unit stresses is around 3% 

In this excellent paper, only Test No. 24 Test No. 10(a) were with 
wrought-iron pipes; but there is no value given for either of them under Column ey a) wn 
(14), Table 2, comparable with the writer’s data for 5-in. pipe. It would be of 
interest if if the authors could make this comparison possible. 
A. Wrigut,’ anp Currrorp A. Berts,!* Members; Am. Soc. 
(by letter).—The interest shown in this paper by the discussions, and by the oe 4 
interesting side-lights revealed, is appreciated. = 
Phe description, by Mr. Field, of his flash-board design for handling cross De ‘ 
al drainage i in an irrigation canal was most interesting. Calling attention as wo ah 
to the practical applications of flash-boards, this discussion corroborates 

the experience of others who, since publication of this paper, have advised the - 


1 

writers of the dependable operation of installations based on the paper. 

‘ 


“4 Div. Engr., Springfield Water Works, Springfield, Mass. 
Prof., Hydr. and San. Eng., Polytechnic Inst. of ‘of Brooklyn, + formerly Hydr. Engr., 
National Bureau of Standards, Washington, D.C. 


16 Engr., U. 8. Forest Service, D. Cc. 
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developed in paper will not apply to the pipes set hori- 
‘The allusion to inadequate capacities of many existing spillways in the light ee 
¢ of recent flood data is very important and is receiving consideration by =f a 


8 “neers as | shown by Mr. Creager in a lecture to the Metropolitan | Section of the 
Hinged Flash-Boards.—The replacements mentioned by Mr. Creager ‘under 

the heading “Flood of January 1, 1934,” become unnecessary if hinged flash- 

boards are used. _ Since the publication o of the paper (in May, 1939) a large 
if number of such installations have been made in various parts of the United 
States. Instead of being satisfied with charging the loss of flash-boards that se “2 

” float away at high w water to the added power head obtained | from the use of 

a these flash-boards, even for a period of a few days, some power companies are 1 

using hinges and are saving the boards as well as the power. ‘quagare,) wvot 

Bs, Other Tests.—The method of test described by Mr. Ryder is ingenious, , but a 
- jthad been tried by the writers and found wanting. When the use of pipes for _ 

a pins was first considered by the U. S. Forest Service, two specimens each of _ 

galvanized-i -iron pipe, 3 in. and 4 in. in diameter, were tested in a 200 000-Ib 

4 machine on a set-up similar to that described by Mr. Ryder. - ‘The 3-in. y pipe 

was placed on rounded supports on a 14.4-ft span and loaded i in the center til 7 

be means of a 4- in. pipe 20 in. long, representing the socket support.. The distance — 

* from the socket pipe to the support was made equal to the computed distance an ss 

to the point of application of the water pressure (flash-board height 3 ft, over- aai a 

- topping | head of water 4 ft). The machine loads were divided by 2 to mt oon 7 


‘an average value for each pipe as a cantilever. E ws bun 
 / _ The maximum stresses determined by this test (58 700 lb per sq in. . and oe a 
_ 47300 Ib per sq in. for the 3-in. and 4-in. pipe, respectively) were considerably ] we g 


<p _ lower than the later mechanical test results shown in Table 2(6). The 3- in. 

yes ye pipe attained a maximum stress of 74 000 lb per sq in. in the mechanical test 

and 73 000 lb per sq in. in the hydraulic tests (Table 2(a)), 

The max maximum stresses were obtained ata measured deflection of of 17° wl 

the same value as shown in Table 2(b) for the 3-in. pipe. However, the 

were not broken, although they were bent to the limit of the machine, 

degrees. It is believed that this method of testing cannot be depended 

ae to give stresses suitable for use in the design of flash-board pins. i Actual hy- a 

draulie tests aremuch tobe preferred. $= «= | 

ates be The discussion by Mr. Schuleen was much appreciated by the writers, who "s ; “- 
had previously had access to the « comprehensive test data of the Pennsylvania _ he 


- seribed by Mr. Schuleen differed from those of the writers, the principal results | 


_ Water and Power Company. Although the methods of mechanical testing de- — a 


(maximum loads and deflections) a are in general agreement. 
etal The writers are in full agreement, that the characteristics of standard | pipe of S 
ike it structurally and economically adapted to use for flash-board support. 
i Tests of steel pins made | prior to the pipe tests disclosed how a small variation — ‘ 
in the chemical make-up of steel pins can have a large and hazardous influence ia ee 4 
failure head in the field. Commercial pipe, on the other hand, has a toler- 
that requires little utes, io babbs a tying 
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definite deflection for maximum is 
. The value of 20° agrees closely with the es 

Equations (19d) and (20) presuppose the direct use of the resisting 
moment, it is thought that the computation of the stress from the maximum __ 

ment (using a section modulus based upon the ‘original dimensions of the 

_ Pipe) is of value i in two ways. tt determines the variation | among individeal 


used in design with tabular standard values of section modulus for a specified 
7 a pipe size. The cantilever loading method of making mechanical tests seems to _ 
agree better with the hydraulic tests than the double cantilever method of — 
‘The original data loaned to the authors from the Pennsylvania Water and 
ko 7 - Power Company included a large number of actual field tests of pipe-supported _ 
: —_— -boards on the Holtwood Dam. . The recorded failures were at heads giving a 
stress values i in the y pipes slightly lower ‘than indicated in the mechanical tests _ 
Hatch has reported an interesting field test on the | Cobble Mountain 
"spillway i in which wrought-iron pipes were used. Fo or purposes of comparison 
a i with the value of 62.9 kips per sq in. found by Mr. Hatch, the maximum stress e 
oo by the simplified moment formula for Test 24 in Table 2 should be 
«56. 3 kips per sq in. The value for Test 10b, 60.6 kips per sq in., was determined 4 
°2 oa by mechanical test. Since steel pipe was much more readily available — 
= genuine wrought i iron, particularly in in small sizes, it was adopted for test a 
_ Pressure Reduction on Front of Flash- Boards. —In the data on actual dynamic air, 
— of the flowing water on the inclined flash-board (Fig. _ 15) it is to be 


4 


noted that no noticeable variation from the assumed (static) pressure occurred ig 


up to a deflection angle of 20°. An interesting comparison is brought out by 


results in Table 9 show that, for all the overflow tests except possibly that of — + 


the perp the effect of changes on flash- 
e: action. | Fig. 16, plotted in dimensionless terms, certainly emphasizes the hy- 
ss draulic similarity of pressures on flash-boards made to different scales. For all 
___ ratios of length of boards to head on crest, the points seem to lie on the same 
; = - eurve (see Fig. 16). For any vertical board a pressure reduction of 10% can ee 
be expected at a distance below the top equal to 15% of the total head. — This a: 


of a 5-ft board with 0.4 ft of water going over the top would be reduced in the — 4 
7 same amount as for the same point on a board 1 ft high with the same head. ef 
Although this seems difficult to believe, further inspection of Mr. White’s tests 

ascribe it to the added head of velocity of approach. The computation 
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AND BETTS ON FLASH-BOARD PINS 


is so well covered by Mr. WwW hite, is an interesting side- light but | such a a minor 


DEFLECTIONS» FOR Sratic Pressures 


in 
e, 
zh AS aes: head, L imiting deflection angle before departure Overflow head, Deflection sen” 
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an 


| ince that it can be ignored except in unusual cases of very high approach veloc 


—s For practical flash- board design the total head on the crest is joufficient. 
Partial Vacuum Behind Flash-Boards.—Mr. Creager’s able analysis of the 

lower stresses s produced by flash- board pins tested under partial ‘vacuum ex- eX 

— the variation of these from the writers’ results. One of the reasons for _ 
Teasing | the tests described i in the was the difficulty encountered when — 


000 Ib per in. did not the : pipe being a 
hada modulus of rupture of 70000 Ib persqin. 

“ye The finding, indicated by Mr. Schuleen, that vacuum under the nappe ine 
creased the moment approximately checks with findings at several in- 

stallations that have been reported to the writers. 
= mM The paper did not attempt to analyze the effects of f vacuum because insome _ 
eases on actual dams the pressure on the down-stream side of the boards is de- 

creased, creating a “‘pull,”’ whereas in others enough back-water is drawn up Me 


beneath the nappe to counteract, this effect. Furthermore, thee effect of vacuum 


oe a practical matter, the degree of vacuum obtained would depend upon 


the flat channel eomeiiatiin, below. the boards, and other Saahene, and should 
Samet consideration in design of an installation. The effect of this vacuum _ 
_ Would be to cause an earlier failure of the pins—that i is, it would be on th the safe res 
“side, Since an attempt. to make an allowance for may very readily 

i ‘lead to the pipe failing at a higher head than desired, the recommendation i in a 


last of Mi Mr. 8 discussion, which is also made in the origi- 
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¢an be readily correcte y the use of heavier pipe, the size of which can be 
eamnnted fram the nhearved failnre haad Where it is imp actical to ventilate 

7 
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 § conclusion the writers wish to thank all those who have aided in shedding 

light on the design of flash-board installations, 
— 
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Wirmer, A. W. Fiscuer, J. R. SHANK, D. Hussey, CHARLES 


KRina, Tuomas C. SHEpp, AND | Scorr B. AND T. CARPENTER, 

a ‘'s The importance of the plate girder as a structural member has warranted — 
- yg many tests of its behavior | under load. 5 As an approach to the solution of this” c4 
a 3 problem, a series of tests was planned to discover, if possible, how much the 
flange stresses i in plate girders are affected by the rivet t holes in the flanges. 
In other words, it is an attempt to find what, in this report, is called the effec- “2 


£. tive moment of inertia, and, as far as the writers know, is the first attempt to 


a 


secure such information. This report describes the methods used at Swarth- — 

3 a more College, at Swarthmore, Pa., for testing two plate girders and gives a 
esumé of the results. _ The intent was to obtain knowledge of | the action of a 2) om 
plate. girder under working conditions; therefore the girders were not loaded — 

Both sets of tests show | that the effective moment of is very ry close 
to the gross moment of inertia, and that a good correlation of measured flange oe q 
stresses with calculated stresses exists if the gr gross moment of inertia is used. ye 
- Some data are also presented to justify the location of the neutral axis vat the — 
center of gravity of the gross cross-sectional area. Finally, the writers present a 


a formule for effective moment of inertia. 
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if Nore.—Published in October, 1939, Proceedings. Ave 
Prof., Civ. Eng., and Chairman, Div. of Eng., Swarthmore | Coll, Pa. 
2 Prof. + Gv Eng., , Swarthmore Coll., Swarthmore, site 
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is customary tor ati designers | to consider a net of inertia 
i design of plate girders. _ For the purpose of this paper, “net moment 
of inertia” will be _ defined as the moment of inertia computed by deducting 
- the effect of the material removed by holes in the tension flange. For clarity, 
“gross moment of inertia” is defined as the moment of inertia of the solid cross 
- section of the plate . girder, allowing no ) deductions for the effects of holes in 2 
7 the tension flange. The use of ‘‘net moment of inertia” in connection with iu 
- the beam theory implies a . displacement of the neutral axis that can be com- 
a puted. — The net moment of inertia assumes that holes on the gage lines of 
the tension flange are slotted for the full length of the girder. It is needless — a 
to say that the usual plate girder, having a rivet pitch i in the flanges of from 2.5 cs 
in. to 6 in., does not represent a girder with slotted holes the full length of the 
f _ tension flange. _ The practice of designers, who use the “gross moment of — 
& inertia” when computing the deflection of a plate girder, has been confirmed yy 
sg To secure an answer to the question of whether the net moment of inertia Py 
or or the gross moment of inertia, or an intermediate value which may be called 4 ; 
the effective moment of inertia, should be used in the determination of the flange 
a ; - stresses of a plate girder, the same section of the same plate girder was eae 


under | pure moment with the flange in the folowing 1g condition: 
Series . A, solid flanges (no holes in 1 outstanding legs of flange. angles or in ae 


a Series B, open holes in outstanding legs of flange angles and in cover plates; < 


Series C, with machine bolts in the holes described in series B: and, 


x Series D, with rivets in the holes described in series B. ne | gett 
aa It is evident that if the same section of the same = yore th is tested wate ae 


The of test girders was predicated uy upon maintaining a depth-t -to-span 
4 ratio consistent with practice, at the same time e selecting 2 a size that could be a, 
handled readily in the laboratory. The test girder chosen has a depth-to-span A q 
tio of 1: 10. 6. Fig. 1 is a detail drawing of the test plate girder, PT- 1, and ed 7 
represents the. ‘girder i in the state in which it: was s received | at the laboratory. - ts 
_ The holes marked “A” were drilled in the shop after tests Al, A2, and A3 had aa a 
been completed. Test girder, PT-2, was the same when received, except | that 
the rivets connecting the web plate to flange angles i in 1 the p pure » moment section 7 - on 
. _ Were spaced 2.5 in. apart. — No holes were punched in the outstanding legs of 4 
2 the flange angles or in the | cover plates in the center section of the girders. — 
The make-up of the girders was the same throughout the 
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neutral axis will be disclosed by the strains in the web and in the flanges. = = ~~ — 
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were 
used so be measured on n the side these plates next to 


6-in. cover plate. This procedure gave ‘no useful: information and 
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MOMENT OF INERTIA OF GIRDER 
Rah ‘The “pure nai section” of the test beam was the only. one in which the 
~ four comparative conditions of girder section could be secured. The cover 
e: plates 1 were developed under the conditions of series A and B by bolts in the 


- shear section only. | Fig. 2 illustrates the typical installation of the > li 


held there by the clamps. "Their construction \ was such that added nothing 
os The method of applying the loads was as follows: One end of the test girder oh 


— rested upon a roller are n the platform of a 100, 000- lb testing machine ; the 


Loading Beam 


Platform of 


; ‘rollers situated at points 3 33.5 in. from the supports at each wd of f the test 
* girder. (Test loads are noted in all “cases, in this paper, as P and not 2 P. ’ 
ley the bending moment in the pure moment section is always 33. e 
P in-lb.) The load was brought to the middle of the he equalizer beam by a 
loading beam. One end of this loading beam was connected to the movable 
head of the testing machine by a clevis and pin; the other end was attached a 
_to the corresponding end of the plate girder by two bolts, 1. 75 in. in diameter, Ke 2 
passing through steel slabs, top and bottom, ‘contact being made through 
4 eylindrical reaction points. Contact between the loading beam and ‘the 
equalizer beam was made by means of a roller. By this arrangement the 
concentrated load applied at each load point is exactly that which is weighed | “aN ’ 
on the testing machine, making possible a total load of twice the rated capacity boy _. - 
of the testing machine. In the presentation of data the testing machine load _ - 
; ‘i is the recorded value. In all cases, the total load on the girder is twice this — | 
_ value. The east end of the girder (see Fig. 3) rested on the testing machi ee. 
Moment Section: —The method of measuring the deflections i in the pure 


in such a iribiy the tops of the pins were e level with the en line of the 


— 
yere designed so that two 
-screws came into point contact with the flange plates an 
— 
— 
; ht as the platiorm of the testing machine. ihe 
adjusted to the same height ¢ p OF 
a 
— 
— 
— 


MOMENT OF INERTIA OF GIRDER 
web plate. These pins extended web plate sufficiently far on 
Lae =~ side so that they could support steel side bars 1} in. by } in. in re 
section. The holes in the ends of these bars were # in. in diameter, and the Be 
distance between the supporting pins was was 50.25 in. At the middle of the 


re a third pin was placed through the web in a similar manner, and on a é q 
end: of the pin was Ames dial, reading t to with the contact a 


(These dials are identified as the ‘north 
south dials.) a Under this condition of loading, the middle of the test girder — 


points resting upon the side bars 


subjected to a uniform moment, if the n moment due to the weight of the 
a 4 girder itself is neglected. It is evident that the reading on the dials gave ; 4 
the deflection of the center line of the web below two points on that line which 


= To measure the stresses in the girder itself, gage points s with 10-i -in. centers re 
were drilled and readings taken with a . Strain gage having a a least reading 


n. Assuming a modulus of dlasticity 30,000,000 Ib per sq in., 


\ ie ast reading was equivalent to a stress of 50 lb per sq in. In the test procedure, 
re 


adings were checked by independent observers until they agreed within six - 

divisions on the dial, insuring readings with a maximum deviation 


Fig. 4 shows the cross sections of the plate girder for each series of tests. 


ons 43 


Fia. 4. AND STRUCTURAL OF THE Test SPECIMENS n 
os the increment of deflection in the pure moment section was 0.0300 in., or a ti 
q 


. mentioned deflection, the load was increased to 63,000 Ib for series C-3 and D-3 
for s specimen PT-1, and readings were taken in the pure m moment section. 


).03 
slightly greater. After each series had been run, with loads to give the afore- < = 


veo 


plate with two pairs of flange angles 


allt Wiad riveted on, but with no holes in the out 
dow 6-in. cover plate added top and bottom. 


bw walt There wi were no holes. in the in | 
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OF INERTIA OF — 
pure moment section. The plate was held 
Ws in contact with the flange angles by 


plate, top and bottom. In this case, also oils 


SEY Web plate and flange angles were tested as 
in test section A-l. TAR 


6-in. cover plates added, clamped, and 
tested as in test section A-2. 
aia B 3 “cover plate added to the assembly 
described i in test section B-2, the two plates a 
Pree clamped and tested as in test section A-3. Ben 
in. machine bolts placed i in the o open holes 
x Ri in. in diameter) of the outstanding legs, ie crt 
‘tightened with proper washers, and tested 


tested as in test specimen B-2. 
‘Bin. cover plate added to the assembly 
Sin. cover plate added to the assembly 


ig -3 The two cover plates were riveted to the 
pen flange angles” and tested as in test ‘speci- 


In series B } (the section with ‘open holes), the plate | girder with the 6-in. 
¥ and 8-in. plates attached was ‘taken to a drill press and holes were drilled — 

a through the outstanding leg of the flange angles and the cover plates, in — 
compression and tension flanges. In specimen PT- 1 the Pitch was in. ; j and 
in in specimen PT-2 the pitch was 2.5 in. In series B, the holes were ‘open in 

the pure moment section. (The pitch of the rivets in specimen PT-2 was first 
- made 5 in. as in specimen PT- 1, and tests were run which checked specimen 
PT-1 80 closely that they are reported herein. Then the girder was re- 


turned to the drill and the additional holes drilled to make the pitch 2.5 in. 


Bening with the assumptions of the common theory of flexure, it can a, 


- geneous beams of the usual kind. ewes; in the design of riveted plate a 
- girders, the engineer must decide whether he will locate the neutral axis at oj 
_ the center of gravity of the gross cross section, or at the center of gravity of the et 
net cross section, considering that the material that filled the holes has been 
: = ed ae we tension flange, a and that the holes in the ‘compression flange Bes: 
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are completely filled. If the net cross section existed at codeine section, as i 
_ would if it were obtained by slotted holes running the full length of the girder, 
and if the | compression flange were solid, the center of gravity should un- 
a be computed from the net cross section. 


of the Sango sufficiently to consider the compression as 
Bs. That the neutral axis remains near the center line of the web plate is = 
in Table ios where data from tests on the two plate irders, PT-1 and PT-2, . 


TABLE 1—Companison or OBSERVED 1 DISTANCES or T 


Axis Above THE CENTER LINE, 
Pure M MoMENT 


ANGLEs Cover Piates Appgp 


Observed, Web Data: 


on 


nee 


sea 


presented. The observed results were obtained by 

a 10-in. gage lines on both sides of the web plate. The gage lines were at dis- 

. tances of 1 in., 2 in., and 3 in. above and below the center line of the girder. 

A straight line was passed through the plotted me and the deviations obtained ie 

directly. The deviation of the neutral axis was also computed using the 
a measured strains of the outside fibers of the girder, and these results are com-_ 

pared with those obtained from the web data. The experimental results “o 
er indicate that the neutral axis deviates only slightly from the center line of the 
_ web bis and not as it t has been considered to dev iate by the designers using 


mpression flan ge 


On 
Tensile tests the National Bureau of Standards on eight test 
_ coupons from specimen PT-1, obtained from the extra pieces of material cont 


_ by the fabricator (see Table 2). The coupons had a reduced width of 0.5 in. c 
and a gage length of 2 in. The coupons for specimen PT-2 were tested at a 
_ Swarthmore College. _ The results were so similar that the data are omitted = 
for present purposes. The ‘average value of the modulus of elasticity was 
30,000,000 Ib per sq 


Evvecrivs MoMENTS OF INERTIA 

In the pure moment section, the deflection i in a length of 50.25 in. “was rea 


to the nearest 0.0001 i in. by Ames dials. values of the 
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moments of inertia, the of inertia 2 of the gross (Column (2), 
‘Table 3), were assumed to be correct for series A, and a load, Pg, was applied 
until the deflection in the pure moment ‘section was 0.0300 in. In Series B, 
& and D, loads were applied to each test , section of the correct value to cause 


2.—Covuron ' FOR TENSILE STRENGTH; ‘SPECIMEN PT-1 


in inches | Young’s mod-| Pr 


"9 


Web plate 
Web plate 
6-in. cover plate _ 
6-in. cover plate “<4 
-in. cover plate 
8-in. cover plate 
Flange angles 
Flange 


Unrr Srresses, Kips per Square 


Coupon n cut from: 


OOO 


‘deflection of 0.0300 in. Then it was assumed that since the » aimebeiensiA,. ot 


of the ip tell was the same in each of these tests, and since A « Fl’ - 


600 Ib and the gross moment of inertia was 5315 in.4; the load that 


the same deflection for section B-2 was 25,200 lb. _ Therefore, the ie 


effective moment of inertia for section B-2 i X 315 = 298.5 in.! 


In this ‘manner, values of the observed effective moment of inertia for each 


test section were computed tabulated in Column n (1), Table 3. Incom- 
paring the values in Table 3(a) and Table 3(6), it should be recalled that = 
‘pitch in this pure moment section was 5 in. for specimen PT-1 and 2. 5 in. for he 
= specimen PT-2. Instead of tabulating i in Column (2), Table 3, the value of | : 
the gross moment of inertia opposite the test section of series A, the value 
_ of I, was computed from the value of the deflection, 0.0300 in., as determined is _ 
a _ by the moment-area method, using the value of E as determined from the test .~ 
4 sonpons. _ These values check the values of the gross moment of inertia within i 
the limits of the experimental error and justify the foregoing procedure. | fest m 
icy 7, hen the values | of the observed effective moment of inertia are plotted, 
“the graphs show that they approach the values of the gross moment of inertia — 
a8 the e tests proceed ae that giving the greatest | deviation i in series B (open 
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MOMENT OF INERTIA OF GIRDER 


series C (bolted sections), to series D (riveted sections). 
deviation is a very small value in series D—namely, 2. 1% of of the gross moment 


inertia for specimen PT-1 and 7% for specimen PT-2. ols 


“TABLE : 3. —Evrecrivs MoMENTS OF INERTIA 


Moments oF Inertia, Fiance Srresses, Kips per Square 


Computed Observed Computed, Using the Method Indicated 


& 


(6) (9) | (10) | (11) | (12) | (13) 


| 
“A-t | 189.0 | 192.9 | 178.5| 179.5 

182.0 192.9 | 164.3 | 167.3 
_ Bae 187.0 192.9 | 164.3 | 167.3 


315.0 | 315.0 | 300.9 | 301.6 
298.5 | 315.0 | 270.7 | 275.5 : 
306.5 | 315.0 | 270.7 | 275.5} 18.9 


490.8 | 476.9 | 477.4} 18.5 

490.8 | 430.0 | 436.0] 19.9 

490.8 | 430.0 | 436.0) 19.7 

ad 436.0 | 19.3 


Peon 
noo 
PON 
Soo 
oon 


© go 
bon 
G0 
Bes 
NNO 
88s 
0 Go bo 
835 


© 


3 


O 


BENS 


eto 
888s 
toto to 


490.8 


189.0 192.9 | 178.5| 179.5] 17.7 | 18.1 
177.0 | 192.9 | 164.3} 167.3] 19.4 | 19.8 
179. _ 179.0 | 192.9 | 164.3 | 167.3] 19.0 | 19.2 


315.0 315.0 | 300.9 | 301.6 
282.0 | 315.0 | 270.7 | 275.5 
295.0 | 315.0 | 270.7 | 275.5 


500.0 | 494.0 | 480.1 
442.0 | 494.0 | 433.2 
453.0 | 494.0 | 433.2 
460.0 | 494.0 | 433.2 


Neutral axis eccentric. t Neutral axis at center. {Top flange. § Bottom flange. I 


‘bia 


NNN 
NNN 
NNO 
OSH 
oon 
SS& 
oon 


88s 
@@r 


Ge 
BAS 


OOo 


im 


oo 


j 


| 


In of the test flange stresses were obtained ‘experimentally by 
measuring strains in the top and bottom flange. 10-in. strain gage was used, 
with the gage lines placed symmetrically with regard to the longitudinal center Be, 

, ss line of the girder. . Four gage lines were used for test sections A- 1,  B- 1,and 
iol C-1, six gage lines for test sections A- 2, B- 2, and C-2, and eight g gage lines for ae 
test sections A-3, B-3, C-3, and D-3. The layout of the gage lines on the 6-in. ae 
_ and 8-in. cover plates was such as to allow two gage lines to bisect the open 
"holes i in the flanges and later the bolts and r rivets. ‘The observed stre 
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B-2 18.7 | 18.1] 1 
4 
B-3 460.5 19.0 | 1 
3 
17.9 | 18.6 | 18.1 | 18.7 | 1 
C2 20.0 | 20.9 | 20.2 | 21.0} 1 19.2 
— 39.0 
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oft 
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computed from an of readings on on gage | in every case, 
ae using the observed value of modulus of elasticity. The stresses v were computed — ha 
a a single e load for « each series, as follows: died av oi re 

ails A-l, Bel, and C-1........ 


AB, and an 


2 These particular values were selected because they caused | an increment of 
deflection of 0.0300 in. j in test sections A- 1, A-2, and A-3 for specimen 


ie of inertia; using the net moment of inertia with the neutral axis at a 

a center of the web plate; and finally | using the net moment of inertia with the et 

) neutral axis at the center of gravity, considering the compression flange nee 

g Pas The stresses computed by using the gross moment of inertia are e compared 


" all sections except for the initial solid flanges of series A. ff For those sections — 
a good correlation « exists. . The stress in the compression flange i is greatest for S 
open holes, and gradually ‘approaches the ‘computed value as the method of — 
holding the flange together is changed from clamps, to bolts, and to rivets. 
No such decrease is shown for tension n flange. This probably indicates that 
bolts and rivets tend to relieve the stress in the co compression flange. 
a In Table 3, Columns (5), (6), (13), and (14), the observed flange ae y 
are compared with the flange stresses computed using the net moment of inertia, ba 
“with no shift allowed in the locatior 


4 computed flange stresses are somewhat lower than the ‘auld stresses for 


> 


on of the neutral axis from the center line of 
the web plate. The computed flange stresses are about 2,000 lb per = in. 
higher than the observed stresses throughout this comparison. 
A A comparison between the observed stresses and the flange stresses, com- 
4 puted by using the > designer’ s net moment of inertia (see “Introduction”’) and 


feo, the neutral ax axis to be above the center line of pa girder, i in — paw: 


(1 The agreement between the compression stresses is very 
How owever, the computed s stress for the tension flange is approximately 4,500 lb — ae: 
Bs r sq in. higher than the observed . This would seem to indicate that this _ 
design procedure would give much larger are 
maintain safe stresses in the tension flange. | 


addition to the foregoing information, Table 3 ‘gives the flange stresses 


§ - deviation of the neutral axis as 3 given in Table 1 from observed flange data, 


The excellent agreement between this column and the observed flange stress : 


‘th is an independent check on the observed results. 8 8 ‘a d 


After ‘completing the w here the held to giving 


i ina stress of about 20 kips per sq in. » test sections C-3 and D- 3 of —— 
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sof 30kips persq in. The 
“Toad was inereased and decreased by increments, and strain readings were 
~ ila in the flange on both the up loading and the down lo ading. — olgeia 
_ The strain readings gave no indication of permanent set. A breaking of 
the scale around the rivet heads through the upstanding legs of the flange 
> 
angles was noticed. close observation showed a perfect set of orthogonal 
_ slip lines. No such breaking of the scale was noticed around the rivets through 
oe the Ringe plates, although this region was | stressed higher. It is to be ree 
prs: that the holes in the cover plates” w ere drilled, whereas the holes — 
ares the web and flange angles represented shop practice of punched holes. € 
_ An investigation of one of these holes showed poor alinement of the plates and x 
very rough perimeter. Is it possible that the condition of the 
Stress concentrations, with their accompanying | areas of plastic flow around 
3 the holes in the flanges of a plate girder, present some questions in regard to 3 
Le BB validity and the interpretation of the strain gage readings explained herein. ns 
As treated in this paper r strains have been: reduced to terms of stress by applying 2 


“Hooke’s law. may be objections to this procedure | on two 


resents the true stress. Tn answer 

eine point t to Fig. ‘5, showi ing | the way the 
stress” varies across the net section, 


bie is known that the maximum stress 


| reaches ¢ the elastic limit, and f further 
there is nothing that can be 


4 it; second, ‘a unit stress arrived 


at by using a net area has no meaning. 


a t ating on a 10-in. 


¥ 
gage length over the holes, will 1 reg- 
\ some plastic, as well as elastic, 


deformation. The writers do ‘not 
how to separate these compo- 
‘Nadai states that th 
—Srmess areas of plastic flow in the region of 
a hole are in the shape of cross, 
direction of the cross making an angle of approximately. 45° with the 
= stresses of tension or or compression.’ It i is — well known that al 
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diameter perpendiquine to the syplied principe] strom ie. 6 
Nadai, McGraw-Hill Book Co., Ine., New York, N. Yu. 1981, 108, BX 
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graphically, As the 


reached at the hole, and plastic flow will The designer’ 8 choice of 18 
kips per sq in. instead of 20 kips per sq in. will not prevent this from happening, — a x 
it may limit » to some extent, the area over which plastic flow m 


Once ductile material i is strained the yield point and the Toad i is 


% of a plate egy If the pitch cates enough there would be a slot the full oa 
a length of the girder, and if the diameter of the rivet holes were large enough 
there would be no material to carry the load. The writers have developed 
the following formula which incorporates the results | of the tests described i in 


aa 


DIAGRAM 


= length; M = rivet 
cantina . diameter of rivet ns ae k D = the part of the rivet hole that is acting 
as full net section; point A with to a 


is increased, the stress at the 
principal stress 
4 
lie that both the strength and the stiffness of _ 
It seems reasonable to believe 
& 
“= 
4 
— 
§$§DgsSsXWM 


moment of inertia (holes are deducted from the top and bottom | flanges); and 
I E = effective moment of inertia. _ The new term, J ¢, the “clear”. ‘moment of 


at the of the web plate. is based on the 
‘Stresses in the top and bottom flanges. 


(p= ED 


A times a constant; and, in the pi case: 


between rivet lines. _ The writers: do not have enough 


must lie 0.6 1 0. of is alled Table 4 4shows the 


TABLE 4 E 4.—Compantsox or V UES or 


Value of 
by ex- 


| 
0.952 
0.955 
0.962 


0.962 


Se 
to the elastic curve at point B: Ig = gross moment of inertia: = oles 
— 
— 
4 
4 
3 
— Pie 
‘pe 
— 
— — 
— | Percent 
| 0970 -185 | oe72 | 402 | |ooo | | | 
1.85 | 0.972 | +02 | 0.928 | 0.907] -23 | 0943 | +16 
0.970 -1.5 | 0.972 | +402 0.914 | —23 | 0.954 | +19 
0 | 0976 | +1.5 | 0916 | 0927 | +12 | 0.956 
value of ‘“‘m’’ obtained from experimental data compared with the computed I 
“tm,” using k equal to 1 and 0.6, respectively. It will be noted that the 
centages of deviation of the computed value from the observed value change 
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using a “net” moment of inertia based upon a deduction of rivet holes from the jad 
tension flange. the case of the girder with a 5-in. pitch, the ‘difference was 
the girder a 2. 5-in. pitch there was a closer 


‘the computed gross moment of inertia. The effect of rivet pitch is 
However, the test girder having the 5-in . Tivet. pitch and riveted 
flanges gave nearly an exact agreement between the experimental and 


values of the moment of inertia, 

—The tests indicate that the neutral axis should be assumed at the 

4.—The effective moment of inertia can be computed by using the theo- 
tetical expression, , Equation (5), : which involves the rivet pitch . Further ex- 

i perimental evidence is needed to establish this conclusion, and the value of k D. 

5.—Since stress concentrations reaching the yield point must exist as 
a) the unit stress in the gross section approaches the stress ordinarily specified — eg 
i for structural work, and nothing can be done to prevent them, the writers og 
believe design methods should be made as simple as possible. Any 
method that may be adopted must yctions that have been proved in 

y be adopted mus give sections that have been proved in Pi 


eee It is believed that the data from these tests point to the siaheiniin of = 
the gross moment of inertia for design: purposes. For ordinary girders, under 
small pitch, it should be used with a cocfiicient such as is indicated 
+ ‘Sa It is hoped that this pa paper will stimulate discussion of this subject and > rhe = 
reve additional data which may confirm or disprove these findings. Many xX 
engineers mi may have an opportunity to measure ure strains and deflections of full- - ¥e, 


ches 


thes 


size girders, “If this could be done. widely, ‘and such data’ carefully. studied, 


al 
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of in conducting this research F. H. 
‘Frankland, M. Am. Soc. C. E., and all members of the Research Bhs 
3 contributed many suggestions that have been incorporated i in this 


— 
— 
from positive to negative with these values of that k has 
— 
— 
i .—l 
— 
j 
“sy 4 moment of inertia should depend upon the rivet pitch as well as the rivet an a 
: 4 diameter. The net moment of inertia, used in design with top and bottom | == Roe 
__ flanges alike, should yield conservative stresses. _ 
| 
— 
— 
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_— his sympathetic and timely discussions during the preparation of the paper. gee 
yg ~ mn adhe: Mr. D. F. Windenburg, physicist at the Bureau of Construction and Repair ey t 
= of the U.S. Navy Yard in Washington, D. C., has cooperated throughout th the — 

project. . His assistance in making several tests on riveted plate speci- 

mensis acknowledged. Robert DeMoyer, Assoc. M. Am. Soc. C. E., a graduate 

— student at Swarthmore and an ‘associate of civil engineering 

Pennsylvania ‘Military, College, at Chester, Ww as of great assistance while 

5 . performing the tests. Mr. Paul Kutz and Mr. G. A. Bourdelais, of the Swarth- _ Fe 


engineer of bridges and buildings, ‘of the Pennsylvania Railroad Company, fo 


‘more Engineering Division, are responsible for many of the details developed 
during the set- -up of the susting: equipment. . The Belmont Iron W orks, Phila- = 
-delphia, Pa. performed | the final of the test girders free of charge. 
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R. Oscoon, 4 M Ant Soc. E. (by letter) —In discussing the 


. Ate and valuable paper by Professors Lilly and Carpenter, it may y not be ri : 
out of place to call attention to a paper by Friedrich Hartmann.':** This paper 


treats the question theoretically and discusses a test made in 1891 in the light 
x the theory. Professor Hartmann comes to the conclusion that in the ab- Se 
- ‘sence of considerations of fatigue, girders of symmetrical cross sections may be | es 
ees safely | on the basis of gross moment of inertia. In the case of an — 


Sa bevrss cross section with a heavier ¢ compression flange than pel 


The state that loads causing flange stresses of 30 per sq in 
indication in the strain readings of permanent set. Was any 
‘indication noted in the readings of deflection? Ls 
Tt seems quite possible, as the authors suggest, st, that the condition 
x holes i in the web and flange angles might account for the observed strain lines _ 
around these holes. It is likely that severe initial strains due to punching 
=. existed around these holes, and also, if the holes were not completely aillee by | 
oa the rivets, higher strains under load would be expected than otherwise. The 
train lines might appear in the upstanding legs of the flange angles and not : 


inthe outstanding legs because the latter were connected to plates with drilled | 


holes. The drilled holes would probably tend to a less erratic variation . 
tr strain in the plates, and this 3 tendency would : affect the strain in the connected a 
of the angles i in the same way since strains in connected parts 


additional information could have been obtained for the tested. 


ht LyDE T. Monnis,* M. Am. Soc. C. E. (by letter) —Professors Lilly and 


arpenter a are to be for the care with which their investigations 
_ were conducted and the completeness with which they have published the oe. 
4 secured, Experiments of this kind are important ir in extending the knowledge 


of strength of materials and. confirming practical methods of design. 


Presumably, the observed fiber stresses given in Column (6), Table 4 were 
on from strain gage readings and, therefore, represent the average fiber — 


stress over the 10-in. gage length. For girders PT-1 the holes in the outstand-— 


ing legs and cover plates were spaced 5 5 in. apart, and —— two holes would or; 4 a m 


“Sollen genietete Traiger mit Beriicksichtigung der Nietschwachung berechnet werden?” von Friedrich 
Hartmann, Der Stahlbau, Vol. 12, February 17, 1939, p. 25. 


vals : 


*Prof., Civ. Eng., Ohio State Univ., Columbus, Ohio, 


A translation into has in Engineering Societies West 30th Street, 
York, N. Y. 
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ey) eins authors state that it was their intent to obta i 

action of a plate girder under working conditions. 3 Knowledge of the maximum 
load a girder can carry and the type of failure, particularly the behavior of the 
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e included in 10-in. gage length. Counting the as in. square 
- tead of round), « shich i is on the safe side, the computed average fiber stress ers 
2X x (Net I) stress + 8§ X (Gross I) stress |. For girders PT- 
e hoes were spaced 2} in. apart and the computed average fiber stress is 
i (Net I) stress + 7} X (Gross I) stress |. ia 
ir 6 


BH TABLE 5.—Srresses IN Borrom Fi avers 


to. Observed Column (6) | | ont 
Column (10) | G4) wit thal PT-2. 
202 


ps | BB 19.06 


Table 5 gives the stresses in the bottom flanges’ taken from Table 3 and 


computed | by the method just given. In every case the observed 
— 4 stresses given in Column (6), Table 3, are greater than the computed stresses — 


3 a using the foregoing method, ,and are only slightly s smaller than t the st stresses using 


From these tests the writer er would draw the conclusion that the customary — 4 
Bpuwsy of design, using the moment of inertia of the net section with the 
~ neutral. axis at the center of gravity of the gross area (Column (14)),. giv es sresulte Ee 
only slightly on the side of safety, and that the use of the moment of inertia of 
the gross section (Column (10)), as recommended by the e authors, i is dangerous. a 
B. R. Lerruer,’ M. Am. Soc. C. E. (by letter).— —Conelusion 5 of 
q paper—that for ordinary girders, under usual loadings, ‘the tests indicate the 
a Bie “4 acceptability « of the gross moment of inertia for design purposes— -is fallacious "g 
the writer will attempt to show where the false reasoning occurs. 
For many years structural engineers have known that the calculated de-— 
ae flection of the ordinary plate girder, using the moment of inertia of the gross” 
3 section, gives results which correspond closely to the results found by testing. 
4 


‘The false reasoning lies in assuming that deflection is a true indication of stress 


eer J. To understand the meaning of what follows, it should be remembered that 4 


hy a the deflection of a plate girder is caused principally by the shortening of the B 
flange, and the lengthening of the tension flange. 
ee... show the fallacy more clearly, consider a bar, 100 ft long, 6 in. 1. wide, and 


of N. Y. C. R. R. Line West of Buffalo, Cleveland, Ghio. 
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5in. ‘thick, with a 1. in. hole at the middle anid on the axis of me rae = “a 
es bar were stressed to a given amount, a certain total stretch of the bar would be . 


Now, if a similar | bar of the same quality of metal, without a hole i 


he total stretch of this ber would not pe 
two ) bars, the closer would be the agreement in the total sorherterrhereg Consider Pa 
_ wom as reduced to a length of 1 ft, the — still remaining in one of the . 4 


‘ he fact, the writer regards most static tests on riveted structural parts to be of 

¥ - little value as a guide to correct designing, particularly if 

ie. _ ‘The fact is that engineers have not yet learned how to design, correctly, a 

e simple tension bar with one hole in it when such a bar is subject to frequent live | “ar 
loads. Even a tension bar without a hole cannot have a uniform distribution __ 
_ of stress, for the reason that any rolled material is subject to surface defects 
which act as stress raisers. About all that is known about a bar under tension — ’ 
is the amount of average stress across the bar.*® 
_ Had the authors subjected the plate girder to an enormous number of 


‘repetitions of live load, they probably » would not have reached Conclusion 5. *® 


io The ultimate average unit stress in any tension member can be determined - 
only by the use of repeated loads, varying through a wide range of values. — For — 

= polished small specimen, the a average unit stress will approximate the oe 
‘Maximum unit stress; but such polished material is never used ieeals 


Sea The e value of the a: average unit stress is a function of the rs range of stress and Se 
the number of applications. For a standard, Messrs. Wilson and Thomas? — 
2,000,000 applications. The average unit stress which produces 
failure after 2,000,000 applications i is the ultimate strength of the material. - 4 
_ The authors have placed too much emphasis on the experimental location of 
the neutral axis. The location of the neutral axis can be varied over quite mg 
_ wide range without materially affecting the results of calculation of stress in a 
M - plate girder, particularly in a deep girder. The internal resisting moment must 
us equal the external moment. _ This internal resisting moment i is a couple, the a 
4 arm of the couple being the distance between the centers of gravity of the . 
‘compressive stresses and the tensile stresses. é ‘The neutral axis is nothing | but 
ae | dividing point between the « compressive stresses and the tensile stresses; and ‘= 
this point is at the apexes of two triangles, granting the usual theory of flexure — 
BS, of a bent beam. Hence, a considerable variation in the location of the e neutral, 


axis can be made without affecting, to a great extent, the arm of the internal 


 _ §Tension Tests of ne Riveted Joints,” discussion by Wilbur M. Wilson, M. Am. Soe. C. E., 
Proceedings, Am. Soc. C. E tober, 1939, p. 1452. 
Tests of Riveted Joints,” by Wilbur M. Wilson and Frank P. Eng. Experiment 
Station, Bulletin No. 302, Univ. of Illinois, 1938. 
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ts long, he would be j — 
the confines to does not weaken the bar — 
investig luding that a hole in a tension bar = 
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a 4 that use of the girder ¢ causes & hae woke flow of the metal at points of =p 


must ‘equal the sum of the internal compressive re stresses, and this fast ae 
_ alone i is of much more importance than the exact location of the neutral axis. 
ter _ The paper may lead to erroneous specifications. The desire to ‘Save metal — 
and ‘simplify the designing of a riveted plate girder is a strong inducement to 


= basic ev Sdenee as’ that by the authors is seldom 
_ appreciated properly. Engineers, like men in other scientific groups in the — q 


: ate: for truth, delve into detail to such an extent that sight is often n lost i 


consist of ‘many | small areas (adjacent to the rivets) of stress 


of the major theme. | Naturally this lays | a weaker foundation in the form of 
an increased number of assumptions necessary to proceed with further detail. — 
Messrs. Lilly and Carpenter have done a good job of attracting the attention ‘3 
of the profession to a major theme of structural design. it 4 
_ There has been considerable argument as to the relative merits of de- a j 
signing plate girders on the basis of the gross or net moment of inertia; and 
ie younger, more inexperienced, and generally theoretical minded ‘portion — 
_of the profession have tended to favor the more complicated and less ‘accurate 
pes * is more or less common among aeauads engineers to use the gross 
Biren of inertia in computing deflections because it ae give a 
more reliable result than will the use of the net value s have + 
— the experience that neither is ‘exactly correct ond: that the users of 
the gross moment of inertia are nearly right. The experience of field engineers 
with full-sized girders under actual working conditions serves as =a 
corroboration that the rem moment of inertia is the 


a Preteens economy, a false idea as to design accuracy, and a re a 
she x The fabricating n methods now in use a use are the best that can n be obtained at a s 2 
Pin’ reasonable cost. For this reason, riveted plate girder flanges will always — 


4 unusual conditions. Welding, although a step in the right direction for con- — EB: 
tin tinuity and distribution of stresses, has evils of its own that limit its use. EB 4 
The authors are to be commended for including the effect of diameter an . 

pitch of flange rivets 1 in formula for the effective moment 


the effect of  varipus ratios of fabrication—aueh 2 as, s, depth to span length, we 


thickness to depth, and flange area to web area. 


Junior Civ. Engr., National Advisory Comsnittes for Va. 
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ti 
that seem to call for discussion. = 
i. _ According to the laws of mechanics, deflections and flange stresses in a beam by 


are interdependent, and, in | general, therefore, the deflections ‘should be a 
gin to the average flange stresses. By average flange stress is meant the 


iS net area. will increase until, when the plane becomes tangent to the rivet” 
‘holes, it becomes equal to the gross area. . This gross area will govern until the 
plane becomes tangent to the next set of rivet holes. A simple method of 
:f obtaining | the average flange area is to compute the volume of the flange ih 
= tween successive clusters of rivets, less the volume of the rivet holes. yi 
the girder of the flange rivet 
n ds the followin 


” ved TAL TAR 2 


00 


Sis 


The center center of rivet holes, is 5. 88 i in. by 5in. = 29. 40 


in. The a area of an 7¢ 
holes is 3 (2 in. by 2) G in. 2) = in., making: the volume of one set o 
é rivet holes equal to 0.37 sq in. by 2 or 0.74 cu in. Subtracting this from 29. 40, 


gives 28.66 cu in. net volume of steel | between rivet holes. wh asides 


av erage flange area for the -in. length then is 732 sq 


The moment of inertia of the cross section will vary directly with the flange area. a 


The | deflection varies inversely as the moment of inertia. ‘The ratio of the — 
oa effective moment of inertia to the gross moment of inertia is then determinable 


from the average flange area, and theoretically, in the case in question, should be 


~ equal to 59g Of 0.975. This corresponds to the quantity ‘ ‘m”’ given by the 


author. For the particular experiment D- 3 with dimensions of riveting as in 


the foregoing on the girder, “‘m” is given as 0.98. nie 
This is a close agreement between theory and experiment and, incidentally, 

isa confirmation of the ideas of those who have believed it correct to compute . 


oe The authors’ conclusions regarding the position of the neutral axis agree 


‘a with an opinion expressed by the writer i in 1913. adi 2 The re reasoning then wasthat _ + = 


of Plate Girders,” by Lewis E. Moore, 1913, p. 42. 
— 


MOORE OX MOMENT — 
rminations were made by measurements of deflection under varying condl- 
iim 
i it t be a weighted average. ™ 
which each governs; in other words, it mus  Welg 
Considering the ordinary plate girder, the net area of a — 
e flange and passing through the centers of the 
on a plane perpendicular to the flange and passing through the centers of the 
— 
— 
‘ 
— 


net section exists over only ai a short proportion of the that between 
 ‘Tivet holes the position n of the neutral axis is certainly found by using the gross _ 
~ os area. It seems entirely reasonable to assume that the neutral axis does “a a 
g shift up and down at every rivet hole, but remains in | substantially the same a & 


vertical | position throughout the length of a properly designed beam. seems 
at reasonable, furthermore, to assume that this position will be nearer to the a >¢ 
~ neutral axis of the preponderating section, which i Is the gross section. pany” e al 

The question of the propriety of using the gross moment of inertia oF 
effective moment of,inertia for designing is a quite different one. 4 
es ia The author states that conditions of stress on net areas through 1 rivet holes /* 
are variable, and that the metal is stressed, in part, beyond the elastic limit at | a 

these locations, using customary working stresses. 3 

i. As a simple illustration of what happens, consider the application to the 


gross, and only the flange i is used. With | a of 18,000 Ib per sq in. 
should use 18,000 x 0. 98 = 17 ,640 lb per sq in. to calculate the gross b 
moment of inertia, and to proportion the flange. The net area (with }4-in. 
holes) of the te is 5.88 — 1.02 = 4.86 sq in The net area is then fF di 
= a x 100 = 83.0% of the gross. This means that the average stress on the net areas 7 

iS Faq = 21,200 lb per sq in., or about 18.0% above the allowable of 18,000. f 

ov In view of the fact that there is some unavoidable overstress ; at the rivet werk "9 a 

tion- 

85% of the allowable stress to the moment and then using the 
tables for moments of inertia of gross sections. The designs so determined 


_ WwW. E. Buack,® Jun. Am. Soc. C. E. (by letter). —While engaged in testing 


= 
rarely need much revision of the main sections, it 


one-quarter size steel rigid frames at Lehigh University at Bethlehem, Pa., in 
be 1938, the writer had occasion 1 to investigate the effective moment of inertia he 
that was being obtained in the tests. For one test specimen, a length of girder — ig ‘i a 

having constant cross section was tested as & simple beam loaded symmetrically — @ Pre 


as ia 
n with two equal concentrated loads. Ee In the. part of the beam having ‘maximum 


4 moment, top and bottom flange strains were observed at various points, and 
the extreme fiber stresses were computed from them. The effective moment 
inertia, as computed from these stresses, was found to be less than 3% smaller 
than the gross moment of ii inertia, and comparatively greater than the net 
_ ¥ ae moment of inertia. a The cross section of the model girder at the location being ne = 
4 tested was 6 in. deep, and consisted of a 6-in. by web plate and four 2-in. 
a by 2- in. by 3 -in. angles, riveted together by 0.5-in. rivets having a pitch of 3 
in. This section, although small, represents a sirder of decidedly different 


= 

: 

|; 

— 

= oe 

— 

ow 

— 

— 

| 


roportions thee shen wis it is that results 
obtained i in the two cases were od (ew al 


Bi For The method of computing the effective moment of inertia used in connection # 
the aforementioned rigid frame tests was based upon an relation 


> omet distributed along the length of the girder at the same fone ant from 
= cetroidal axis as bye rivet line. ‘Thus, the reduction in mom 


= grip of rivets; p = ae of rivets; sabes? d= le 


tance | from centroidal axis ‘to center of Tivet line. ay 
ae In applying this relation, the ni neutral axis was assumed to remain at the | 


4 “gave agreement within 1% ‘of the ‘experimental - value of moment of inertia 


BS _ To test the applicability of this simple method further, the writer prepared 


Table 6, which is based on the authors’ tests. experimental values ar are 
taken from the data presented i in the paper. computed values of 


eZ E (see Table 4 and accompanying ng explanation i in the p paper) and of the 
- flange stresses were calculated using the effective, or average, moment of inertia 


TABLE. 6.—Errective MoMENT oF 


: 


ComPaRIsoNn oF FLANGE 
(tt Gael in Kips per Square Ince 


By Experiment | Com- By Experiment 
puted, 
using 
‘| Sverage Top | Bottom | ®verage |e Bottom 


just ication” It will be noted that the comparisons are made for only the 
bolted and r riveted sections, which may bi be expected to simulate an actual 
- plate girder in ‘behavior. The comparisons show that the computed average > 
moment of inertia falls within approximately 1% of the experimental moment — 
_ Of inertia for ’ test section PT- 1, having a rivet pitch of 5 in., and within 4% . 


test section “2, having a rivet pitch of 2. The observed and com- — 


BLACK ON MOMENT OF INERTIA OF GIRDER 
—— 
en 
centroidal axis OF the gross section and the adeauctions were made Irom top an 
4 
— 
| 
CoMPARISON OF VALUES OF m = — 
| 0970 | | 0936 | 0945 | 18.9 196 | 189 | 104 | A 
0.962 | 0.975 | 0.916 0.953 (19.7 20.0 | 209 | 20.0 
0.980 | 6.975 | 193 | 202 | 196 | 203 | 203 | 20 3 


ER MOMENT OF INERTIA OF GIRDER 


tion, as well as its importance i in design, has been taught | to engineering students 


of flange stresses have a maximum divergence of 
section. It will be noted that the agreement obtained for the Tiveted 
sections is considerably closer than for some of the bolted sections. 20 Ee ihe 
The writer does not offer this method for determining the effective moment 


th 


note that the values of m = computed by this agree very 


_— with those computed by Equation (5), fork = 0.6. Regarding the application — 
3 any method for determining effective moments of inertia, the writer concurs 
with the authors: that in the ordinary case, gross section may be used for design 
without fear of serious error. In those instances where the amount of material 
_ remov ved from a plate girder by rivet holes is unusually large, the test data — 
Be ecre: that an effective moment of inertia should be used. _ The method of 4 


peretee the effective moment of inertia to be used in such cases requires, 


for. complete justification, further tests on girders which have greater p per- 


centages of material removed by” rivet holes, and from both the web and 


Many engineers, necrs, admitting the : advisability of using an effective moment of 
inertia for the computation of girder deflections, still insist upon a net section - ne 
. = computing stresses. — There i is some basis for this stand i in that the actual 


stresses existing adjacent to a rivet hole are probably much greater even than x 

= computed by the use of net section. _ Were the structural failure of a —- 

a _ plate girder to occur by rupture across a transverse - TOW | of rivets, the use of as f 

an net section would be justified. However, since the structural failure of a plate s 
— under: static loads, will occur, not t by rupture, but by the general ea 


have borne out Therefore, the stresses ob- 
tained by the authors using a 10-in. gage length, although not the actual 
‘maximum stresses, are the ‘significant stresses when the ‘Prospective f failure of 
; the girder is being | considered. The agreement between the observed flange 
and those computed using the observed effective moment 


3 
| 


= 

E.: Grinter,“ M. Am. Soc. E. “(by letter). profess 


Recent changes in design specifications preceding the publication of these tests 
but possibly to be justified thereby, have upset standard ‘procedures i in plate- 
a girder design and, naturally, have disturbed conservative designers. Net sec 


since the beginning of engineering education, and its sudden elimination from — 


certain accepted specifications was too startling to be accepted without ques- 


Vice-Pres. and Dean, Graduate Div., Armour Inst. of Technology, Chicago, III. 1992 
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It is evident, therefore, tests, are 


= ‘to y justify the use of the gross moment of inertia, will | be inspected with the 


aie 


It is first noted that the two girders 1 tested were only 12 in. deep Henee, 
er) : an he theoretical displacement of the neutral axis was a fraction of an inch, 
t e p was on n 
ai and the observed displacement was too small to be measured consistently by | - 
the available measuring devices. A: Another objection to a shallow girder as a a 
built-up member for testing purposes is that the strains introduced by fabrica-— oy ¢ 
tion would produce a disproportionate influence upon the test results. The _ 
irregularities in Table I would undoubtedly have appeared far less serious if = 3 
- the girder had been several times as deep. For instance, rivet slip, if it had =. hi 4 


occurred, would represent a serious influence upon the test results for these a 


Neutral Axis.—Consistency is evident in the test results, reported i in Table: : 
: in that all data indicate a small shift of the neutral axis in one direction. This 
— the care with which the tests were made and confirms clearly the = : 
held belief that some deduction from the gross section is necessary to allow for 
th influence of holes whether open or filled. The fact that strain measurements Le 
were made on a 10-in. gage length which spanned from two to four rivet 
spacings indicates that the authors were not attempting to do more than deter- 
ae mine an average eccentricity of the neutral axis. The second important obser- ae 4 j 
+3 vation from Table I is that the location of the neutral axis, as obtained from - a) 
flange measurements, does not agree with the location as found from web 


strains. Since these strains were obtained from a a section where the shear was 


displacement, an observation can be made. This speci- 
men had }4-in. holes at 5-in. spacing. Hence, less than one sixth of the length 
of the girder was influenced by 
net section, and the observed “aver- bw = 

_ age” displacement of the neutral axis pot 

was of the magnitude that should in 


neutral axis actually shifts upward 
at each hole in the flange is question 40 Ste 
able, perhaps, but the influence in pail, eo} F 


- 


=< 


shift in ‘the neutral axis ‘above a a hole. Proof of this : action 
alsc non-existent at the presenttime. | 
Effective Moments of Inertia. .—The ye used to. measure th effective 


— 
— 
i 
— 
— 
some rivet slip, or the 
Zero, one Can only conclude that there must have been som 
a as theory of “‘plane sections’ failed to apply for some other un cnown ‘Tea ia 
Ainturhine if eonclusions to be drawn from these data. 
‘ig This is rather disturbing if conclusions are to be — 
If one notices that the average observed 
al 
non-existent. Such proof is still Fro. 7—Possrste Unputations or Nevrrat 


calculations, but it scarcely seems significant for maximum | stress 
mination. deflection is produced by the cumulative influence of the 

te at all cross sections. Since a major part of the length of the girder functions 
as a solid cross section without holes, it is self-evident that the effective main 
of inertia, when determined from measured deflections, w ill represent an 
“average” moment of inertia which will approach the gross moment of inertia — i 

closely. Surely there can | be little connection between this ‘‘average” ‘moment 

inertia and the proper value for use in the flexure formula. 


four to ‘eight gage lines. Recorded values, ‘therefore, do. not represent even 
_ greatest ‘‘average”’ strains for 10-in. gage lengths. What maximum strain 
would have been recorded on a shorter gage length is s purely speculative, 
- Naturally, it would have been higher than the ‘‘average’’ values <a 
Which are from 2,000 to 4,500 Ib per sq in. lower than computed values from net 
moment of inertia. | It is clearly within the range of probability that strains 
. could have been measured on }-in. gage lengths quite as high as the theoretical 


hey —There has n about the of 
stress concentrations, and discussions of rivet-hole stresses have not been free 
such influence. There are stresses around punched | rivet holes, and 


to resist load. me tension member with a hole may may have a , high localised ait 


but this stress does not increase the load capacity (in fact, it reduces it) because *93 


the : average e stress 0 over the net area J Anis still In the sa 


‘moment resistance and, in fact, thay are more related to fabrication ‘methods — 
similar influences than to the applied moment... 
Perhaps a clearer statement of the action of stress concentrations, residual 
x ‘ stresses, etc., is that they a are balanced stresses—that i is, tension and com pression — ei: 
e ‘. occurring together . Thus under the smallest plastic flow they begin to reduce, © ie 
and eventually | they disappear altogether. stresses are not to be neglected 
a s bas! lightly, but they are » obviously le less likely to produce e failure than direct stress 
in. ne, and flexure where direct load resistance is involved. Statics requires the average +f a 
ss “4 stress on the net section of a tension member to be equal to the load divided by on 
the net area. =) ol he laws of statics permit no loose thinking in this matter, and ; 
ie it would be a & very incautious investigator who questioned this fact or per- 
a to change his thinking in this regard. _ Perhaps bolts could be 
tightened through holes in a tension member with sufficient pressure to reduce 
the net effect of the holes, but engineers are not likely to’ be willing to let this 


= 


— gee 
bal 
— 
¥ 
ote 
fia 
— 
— 
be 
= particularly surprising to find measured strains that exceeded the 
— 
— 
dnringe nunching However residual streccac from temnerature change on be 
— 
ob 
3 ih 
| 
a 
— 


possibility influence belief that tension must be designed for net 

phe lower flange of a girder is as much a tension member as is a chord eye- 

bar of atruss. In fact, it serves the same purpose. Apparently any argument | 

about stress concentration ‘Tesisting load that can be applied to one can be i 
pi to the other. . Any thought that stress concentration over the entire a 

section of the tension flange which is an increase of ‘ “average stress’ can be bea 
neglected in in the same way that residual stress and stress coneentration around oe 

rivet holes are neglected is subject to serious criticism since it conflicts with the dP 
_-Tequirements of statics. _ Admittedly, this increase of stress over the section — 
of the e tension flange : at a rivet hole may exist over a very short length of the | 
Bi flange and may eager be found at all when measurements are made over a a 


lew rmine onvuretely the influence of rivet holes upon “total” or ‘“‘maximum”’ 
flange stresses as distinguished from the authors’ determination of § “average” ; 
flange stresses over a 10- in. n. length of span. — With s sensitive gages, strains in a 


: 
be measured on 3-in. gage lengths at a dozen or more ‘positions across one 


Fe section of the web and the tension flange in line with a rivet hole. It would be _ 
% 


preferable to perform 1 this test under light loading 80 that the problem of 
iB inelastic strain near rivet holes would not be involved. | _ Then, by transferring = 
re unit strain into unit stress and by summing the total stress over the flange and Sar 
web section, it would be possible to check either the so-called approximate | or 225 

i exact methods of plate-girder design. Such a test, to be most useful, should 
be made on a test girder of reasonable depth, as representative as possible of + 
~~ standard construction. Of. course, there could be no particularly useful design 

information obtained from single deflection measurements because deflection is 
&measure of average resistance, whereas the interest in the present case is in 

the resistance of a particular section. 1} The final check on the accuracy ‘of such ony. 
testing is obtained from statics. The total moment resistance of the section 


obtained as the summation of the moment ‘Tesistances: of its fibers must equal — 


2 


} 


of 


Specifications.—Specifications should follow, and not lead, theory. Testing 
4 procedure by introducing it into specifications before it has been checked by a 

statics, well substantiated by tests, and even by use, is dangerous from more a 

than one point of view. The questionable use of the ‘gross: moment of inertia 

plate- girder design i is a case in point. The influence upon n the cross section 


- is so minor that it is not likely to endanger a structure physically, but it seems 
a _ to the writer that its introduction into specifications was far more serious, in 

that it tended to develop mental carelessness. The laws of statics are fixed = 
matters that must not be changed by specification writers. When working © 
stresses are to be increased, they ‘should be straightforwardly raised, but 


design moments” which are controlled by statics should not be reduced even ( 


» 


a if the influence upon the structure is the same. The profession suffered from ba 


the “use: of that in specifications, « and there is no Treason ll 
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reestablish a similar practice with reference to plate girders. next 
—_—_ would be to omit the consideration of net section in tension members. Of — 
~ course, this is no criticism of the authors’ tests, which were undoubtedly well | 
a planned and carefully performed. The criticism is of premature use of antici- — 
M. Sporrorp,™ M. Am. Soc. C. E. letter) —The 
read this paper with much interest and wishes to commend the authors for their 
a careful investigations and excellent report . That such investigations are 
i a% needed is shown clearly by the fact that standard specifications for plate-girder 4 
design in the United States are not yet s stabilized with respect t to the allowance % 
rivet holes or the position of the center of gravity. 
“pnd _ The authors’ experimental method of determining the position of the center 
of oan of the girder was such as to —_— the average moment of ‘inertia over 


moment is uniform, no web splice occurs, and there are no vertical lines of rivets — 
except at the ends of the section. The results show clearly that under these 
conditions the centers vee gravity of the girders tested lie nearer midheight than 
holes in the tension part of the girder only. The calculated values given 
a by the authors, how eve er, give only the location of the center of gravity of a 
section through rivets, whereas the average | center of gravity would be higher — 
this since rivet holes do not occur at every ‘section. 2 ni 
For the girders tested, with rivets at 5-in. pitch in the vertical legs of the 
ange angles only, the position of the average center of gravity would be “+: 
a considerably greater than that computed by the authors and would conform 
_ quite closely to observed values. _ This would apply in lesser degree in cases 
where the rivet pitch is reduced to 2.5 in 
oa The writer feels that the results of the tests are scarcely sufficient to warrant 
7 definite conclusions for use in actual design. , The girders tested were somewhat _ 
out of line with those generally employed in n practice, since the section modulus A 


Sa the web was much larger i in properiten to the total value of the moment of a 


- 


This ‘condition i is especially true i in the part of the gudert in n which the measure zi 
_ ments were made, since the shear i in this part of the girder was zero. Moreover, = 
the weakest section of a large plate girder is generally at a web splice, and it Ps 


would aa been desirable if the au authors could — included some 1 tests for the ee 


4 


ability of using the gross | moment of | inertia in ¢ . design - involves the conclusion 7 
that either the allowable unit stress should be reduced, or that rivet holes do 


a “not weaken a girder, which latter conclusion the writer believes designers will e a: 


be slow to accept. 2 It is to be hoped that Messrs. Lilly : and Carpenter will find 
‘it possible to make additional tests alongthese lines. 


aid Borwerd Prof. of Civ. Eng. .Mass. Inst. Tech., Cambridge; Cons. Engr. (Fay, pofford and There 
ike J 
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= MIRABELLI OW MOMENT ( OF INERTIA OF — 
Mrrase 16 M. Am. Soc. C. (by letter) —These tests 
ite of flange holes, bolts, and rivets on the deflection and on the average a be 
flange stress of a plate girder when subjected to pure bending by a static aa 
loading which induces average stresses within the elastic limit of the material. ~ ee oy 
— It is questionable if they show how the average flange stress at a critical section — 7 on 
ie is affected by the presence of holes or rivets, particularly in a region subjected — 
to the combined action of bending moment and shear. _ The tests are of definite aan = 
< value i in contributing toward an understanding of plate-girder action, and there c ay 
js no intention of disputing their importance. However, it is doubtful if this ae | 
tet of tests, by itself, provides enough information to form a sufficient basis <  ——- 
aren or changing the current design practice of using net girder section. Following < oa a 
: are some reasons why it appears to the writer that caution is warranted il y 


the usual design procedure: 
(1) The effective or observed moments of inertia given in Table 3 are based 
on observed deflections which are affected by all sections of the girder—those 
a between rivet holes as well as those at the rivet holes. | Such values of o~. 
effective moment of inertia are averages for the girder as a whole. They are ee. 
proper ones to use in computing deflections, but are not correct for evaluating © 
i the stress at a critical section through rivet holes. The flange stress computed = : 
by the beam formula, using such a moment of inertia, is not the critical stress; 
it is some kind of an average stress. ‘Similarly, the observed | flange stresses 
- that were measured with a 10-in. gage are the averages of stresses on all sec- ui 
tions within the length of the gage. They are no indication of the average - 
stress” on a section passing through the rivet holes. It seems reasonable to 
», assume that failure follows when the stress exceeds some critical ‘amount on 
8 single section without necessarily extending over an entire region. To prove 
this it is necessary only to test a perforated or riveted bar in tension and fad 
failure occurs on a section through the hole. To > 
_ (2) The girders were tested in bending only, without simultaneous onker? i . 


Consequently, the flange rivets were not L subjected to any stress due to flange- — 

stress transfer which accompanies an increment in bending moment. Such — * 
_ tivets act simply as stitch rivets to hold the angles and cover plates together. hos => 
Any stress that exists in the rivets is that du due to initial tension in the shank «ae a 
caused by cooling, and whatever stress occurs in the rivet head through frie- dee. 
- tion at the surface of contact with the plates or angles. The condition of the — a ‘ 
vet is similar to that indicated in Fig. 8 in which a rivet is shown slag 
‘ _ together four plates which are are subjected to end forces, F. ‘The only possible 

Stress path across the gap, G G, is through the rivet heads. The strength of 

- gudh a connection may be calculated if assumptions are made regarding the 

- coefficient ¢ of friction under the rivet heads and the initial tension in the shank. © 

_ The splicing action of the rivet heads, in some degree, makes up for the loss of 


section due to rivet holes in a plate girder and, to some extent, explains the 4 


t of i 


increase in effective momen nertia of the riveted specimen when compared — 
thespecimen with open holes. 

= _ Now, if the condition i in Fig. 8 is s changed by the introduction of shearing 

Ee the total tension in plates A and B will be 7; = F + eae nd in m plates 


r 
| 
Tf 
— 
— 
| 
— 
— 
a 
2 
= 
J 
— 


MIRABELLI ON MO ENT OR: INERT 


ie: ¢ and D will be T2 = F - S. If! T = 0, there will be no stress to transfer 
ee from D to B or from Cc to A, , although the total stress to be spliced i is still 2 
It is probable that some stress will pass from B to A by following a path which 


involves eccentricities; but ‘it seems that the capacity of the rivet heads: Sasa 


gor 


cas 


a splice for direct stress is definitely reduced by the presence of the sheating — 


NE 


with D, ‘and the: is similar to that occurring in in the flanges 
of a girder. It seems reasonable to conclude that under this condition, also, 
_ the presence of shear will influence the amount of direct stress passing across i = 


ye. © _ the hole through the rivet head and thereby. will weaken the section. Infact 


= it has been found by test!” that a stressed rivet has a greater effect in weakening e. ae 


PLE, _ Extension of the authors’ conclusions to girder sections stressed simultane- 

Wa we ously i in bending and shear would not seem justified. The presence of stressed 
rivets in the flanges will reduce the effective moment of inertia. It is true that 
ae maximum 1 bending moment and maximum shear do not occur at the same 


wie section except in cantilevers. However, maximum flange stress and maximum es 


i .: rivet shear may occur simultaneously at cross sections at the end of cover plates. ne 
— (3) The tests were made under static loading whereas, in service, girders 
are subjected to varying or pulsating loadings. ‘The: question of type of 
loading would not be involved if the rivet holes with the attending stress con- 
centrations were not present. The effect of r rivet holes differs with the two — : 
types of loading. This difference i is shown by tests!® which indicate that | the a 
tensile strength of a perforated or riveted bar under static is 


the fatigue of the perforated and riveted bars is 

4 : ape that for the solid bar under a loading that pulsates from 2,820 lb per — 
s sq in. . to the breaking stress (39,100, 29,900, and 24,300 lb per sq in. . for solid, 


“Tension Tests of Large Riveted } E. Davis and Glenn B. Wilson, 
oe Soc. C. E., and Harmer E. Davis, Assoc. M. Am. Soe. C. E.; discussion fad M. Ten M. Am. Soe. Te 
C. E., Proceedings, Am. Soc. C. E., October, 1980. pp. 1454 and 1462. 
‘“Gemeinschaftsversuche zur Bestimmung der voller, und genieteter 
Stabe.” by K. Kloppel, Der Stahlbau, Berlin, June 19, 1936, pp. 97-112. 
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GODFREY ON ‘MOMENT oF INERTIA OF 
"perforated, and riveted bars, respectively). In ‘other influence of 
: A stress concentrations may be disregarded under static loading but it cannot — - < 


be disregarded under a vibrating loading. It is true that in a properly designed ry 
new structure the primary stress will not attain a value of 24,300 lb per sq in. — 3 
i and the condition is not nearly so bad as this value might indicate. 
EY The stress concentrations adjacent to the rivet holes nullify the a ty 
; 


of linear stress variation used ithe ordinary beam theory and thereby lead 
3 to an observed moment of inertia which, under static loading, is larger than 
computed for the net section. ‘The difference between observed and com- 
puted moments of inertia for the “B” test sections (Table 3, Columns (1) 
and (4)) may be explained in part by this action. Under the action of a pul- — 
gating loading the aid given by the stress concentrations is diminished or r lost 
_ (4) These tests were not intended to reveal the useful carrying capacity of — 
“the girders—that i is, the yield point of the girder as a whole, or the point at 
which the girder deflection i increases rapidly with f urther application o of ea 


oa as a measure of the factor of safety. Otherwise | the factor of safety : 


pre _ Due to the presence of stress concentrations at the rivet holes, it is quite a ~~ 


exceeds the yield point. This may oceur ‘while. the average stress is 
still considerably within the elastic range. On the other hand, it is also possible | . ye 


that this linear relation may extend to a loading exceeding that at which the 
it would be interesting 
to know the relation between loading, strain | gage reading. and deflection for — me 
specimen PT-1 which was s loaded te to a ‘flange: stress of 30 ‘kips 


a inertia as recommended by the authors. _ The writer feels that such a oa 
cases, and that in most cases the procedure would provide a an actual r margin 
of safety which would be less than the assumed amount. However, consider- ‘ hel 
ing the fact. that secondary stresses in plate girders are likely to be small, it — ie 
may be permissible to reduce the margin of safety. From this point of 
_ the weakening effect of rivet holes would be treated as a secondary effect which 7 9 3 a 
_ would be covered by the margin 0 of safety. pd Until the influence of holes and — 


_Tivets in girders i is established more definitely, it is the writer’s the 


is correct, It agrees with what the weltes has long held to be proper in design— i 

vy. namely, that the neutral axis of a girder should be considered in the center 2 4 


"Structural Engr., Pittaburgh, Pa bos 
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measured. ii the girder detiection Is in direct proportion to the loading untill 4 
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gravity of the gross cross section. Furthermore, the sentence in Conclusion 5, 
“design methods should be made as simple as possible,” ’ expresses what je 


ay a writer has stated many times. » 


e of inertia, used in design with top wee bottom flanges alike, should yield con- 
= “Serv ative stresses.” — This « does not seem to comport with the trend of the paper 
nor the other ‘conclusions. © The authors do rt seem to be adv ocating the use ye 
a net moment of inertia in design but rather the reverse. The trend of the 

_ paper seems to be toward justification of the practice of using the gross bss Moment + 


oof inertia. There is no question about the of uses the 1 net 


of value about the actual, or critical, strenses of perforated of 
girder or of perforated plates or angles in tension. These measurements show — . | 
only the average stress in the length of piece where measurement is ;made. The | 
ee beside the rivet hole is only | a small fraction of that in the part not — i 
_ perforated, although the actual unit stress beside the hole may be very much 4 


greater than in the part not perforated. 


oh, Suppose, in a girder or T-beam, there were transverse saw slits instead of : 
rivet holes. Deflection and extensometer measurements would be practically ae - 


rete in such members, with those of solid memb bers of the same dimensions ‘ae j 
* stresses within the elastic limit. This is because the actual stretch beside — x ae 
a. the slit is only a very small fraction of the stretch between slits i in the longitu- sir fie s 

va 


dinal direction. No one will contend that the members with the saw slits 
will be as safe as the solid ones. 


The only difference between a plate perforated with ‘saw § slits and one 4 ee 
with rivet holes, : so far as safety in tension is concerned, is that the 


former will probably break at, or a little above, the yield point, whereas the 
5 latter may hold until the usual ultimate stress i is reached. 4 The writer has made 

a tests where ordinary steel specimens broke just ‘above the usual yield point of 


the net area beside punched holes, whereas pieces with drilled or reamed haps 


The writer is quite out of agreement with Conclusion Itisa damaging 
/ admission t to say that aprenens 98 ordinarily specified for structural work result 
in unit stresses “reaching” the yield point of the steel as the unit stress in the Ne 
gross s section ‘ ‘approaches” that specified. This can mean nothing else but 
that, when the allowed unit stress on the gross ; section is reached, , the actual Bes 


,. 4 unit stress beside rivet holes exceeds the yield point. The argument has been 


that rivets pinch the metal together, and the resulting friction under the or 

compensates for the loss of tension area in the perforated plates. 
‘To say that nothing can be dc done to avert the condition is to forget that — 

rational methods of design 20s can be reverted to that treat a . perforated plate as 

a just what it is—namely, a plate that is weakened by the holes punched in it, ast 


only for its net section in tension. | 


~The method once universally used of finding the effective depth of plate 
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sion sfienge its net area is in design to 

exception cannot be taken from any standpoint. 

_ The authors state, “Once a ductile material is strained beyond the oe 

point and the load is seleaned, residual stresses are set up which will be benstal : 


” 


es | resisting the next applied load.”’ a does not agree with abundant oc Fe 


‘may break them. ‘There “thing as fatigue, and frequently 
<4 - breaks occur with a comparatively small number of repetitions (not up in the 
Some years ago, in Pittsburgh, Pa., a wrought-iron plate girder broke apart 7 
in the tension flange and dropped the lotometive that it had doubtless carried a 
many t times. The flange plates broke sharply, very evidently from fatigue. __ 
_ ‘The rule that designs a plate girder for gross section in the tension flange 
‘may result (where thick metal and many cover plates are used) in 4 or 5 sq in. — 
of metal punched away in one hole. This represents a stress of 70 to 90 
ips being imposed on friction under the head of a single rivet, and that rivet 
_ Plate-girder design needs careful scrutinizing from a rational standpoint. : 
Water H. Wersxorpr,” M. AM. Soc. C: E. (by letter) —The 


— engineering. For many years holes have been deducted in ‘com-— 


puting the strength of plate girders asa matter of routine, 
With the authors’ Measurements there is is little room for dispute. When 


as compared to the length between the holes, it is not surprising that the holes,’ 
mi ‘whether open or filled by bolts or ri rivets, have small effect on deflections. 
Eee have recognized this for many years and have generally used the — 

gross moment of inertia when computing deflections oF stiffness coefficients for 
“use in designing statically indeterminate structures. Likewise, it is obvious 
Z that the holes have a negligible effect in shifting the neutral axis from the is 
center of gravity of the section. For the same reason, also, ‘a practically — ’ 
negligible increase in flange stress due to the holes was discovered by the a _ 
method the authors employed in measuring such flange stresses. Since this Ss 
stress was computed from the strain in a 10-in. length of flange, it was obviously © = “| z 
‘determined by the average of the strains in many differential lengths of gross 4 ‘ 4 
-seetion. and a much smaller number of differential lengths of net section. The — oe 
method d thus failed to detect the very high concentrations of stress around the oi. a ee 
he well known to investigators of this subject and mentioned, but not ey : 
quantitatively given, by the authorsin Fig.5. 
With the authors’ conclusions, however, there is $ room: for ve ery clear dis : 


= . The authors state that nothing can be done to prevent the high 


stress concentrations around holes. Actually, these can be eliminated - ae 


“a 


a 
= or so long; then they are likely to break. Chain users . 
yield point for so long; then they are likely 
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WILLIAMS MOMENT OF INERTIA OF GIRDER 
in all but girders with flanges by co 
6 rivets, either by using welded cover plates or by employing a flange composed ve 
The writer also emphatically disagrees with the authors’ ‘recommendation 
of using the gross moment of inertia with the usual fiber stress. — Frequently, — ‘se be 
the area of the holes is very considerable as compared with the remaining — : aa 
flange section. In heavy cramped work a common flange consists of 8-in, iy : ei 
ae by 8-in. angles and 17-in. or 18-in. cover plates, with four lines of rivets through — ¥ Aer 
4 the covers. Often the ‘Stagger is small that the net section traverses’ all 
four rivets so that the cover plate area is as much as 22% rivet holes. 
is far too important an item to treat lightly, and it is improper engineeriag to 
zz dismiss the high stresses around these holes with the casual remark “and — oR 
purpose of strength computations is to provide a safe and reasonably 
a a efficient design. An efficient design is one in which all parts of the structure a = 
— have about the same margin of safety or safety factor. It is obvious that a y : fa 
riveted girder with high stress concentrations at the holes is definitely - 
c+ . toa a plain rolled beam or to a girder of another type which has no such holes: o beer 
ig Pe. and a balanced design requires that this feature be given due cunsidatullaias ae 


- One way of compensating for the detrimental effect of the holes is the ae 

ractice, extensively used, of designing by the net section. Another xr simpler, 
and perhaps more practical, method which has been suggested is to base the me: 
design on the gross moment of inertia but to reduce the fiber stress ‘according 


some function of the ratio of net to gross flange. 


A, 


Esq. (by letter).—Some interesting data are offered in 


iv this paper, although the conclusions may not be concurred in by all | engineers. Pe : 
should be noted that the stress intensities reported by the authors are based 
: on average stresses as computed from the strains on 10-in. gage lengths. This 4 
set-up, of course, does not give t the maximum stress values—a fact that ft 
should be proper at this point to make some comparisons of their results 


to the commonly accepted practice of idoduoting ah rivet holes in tension 
t 


_-The stretch of any finite length under stress is equal to the anit anid times ir 
the length, divided by the modulus of elasticity. When there are two or more thy 
unit stress intensities in the length considered, the stretch may be found by a 
use of the a average stress per unit length do If there were no reductions in area Ye 
 ileainaas the > length the average stress and the maximum stress would ordi- — a 
narily be equal. However, when there are local reductions in area, the average 


stress producing elongation will be increased thereby. The reduction in 


“A Comparative Analysis of Plate Girders,” by Walter H. Weiskopf and John W 
A _ Members, Am. Soc. C. E., Civil Engineering, November, 1934, p. 585. ~- 


Head of Dept. of Structural Eng., Fenn College, Cleveland, , Ohio. 


| the results that would be expected when the stresses are computed accord- 
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ickworth, 


In other the stretch a finite length to is 
| G In considering the effect of a local reduction in area upon the defeemetion ies 


a finite length longer than that v which is reduced comparison may then be one 


between the reduced and unreduced volumes for the finite length. is 
TABLE 7.—Comp: ARISON OF Osservep AVERAGE STRESSES . AND AVERAGE 


Tos' 


square In cubic | geduction* | due_ 
inches In square r inches per to holes 


| 2 | 588 O88 0.176 


132 5.6 
220 
310 
310 


Average 


a 


tre 


the equivalent average areadeduction, 
_ Table 7 contains certain properties of the girders of series C and D taken — ia 


_ from the details of the paper. These are the series that had holes in the tension ‘ $3 - 
flanges. alues in Column (5) are obtained by deducting two 2 in. holes from 
; _ the horizontal legs of angles and cover plates and one-half of a j-in. hole through _ on 
__ the two vertical legs. ve The volume me deduction : shown i in Colamn (6) is computed — 

a for sections in Table. 7(a) as the volume of metal removed by two }-in. holes 

the legs and cover plates and one }-in. hole through the 

; for sections in Table 7(6) the holes in the vertical legs are ar 


ag 


results listed in (7) and (8) are the deductions i in volume 
the percentage deductions in volume due to rivet holes. Column (9) is com-— 

bow from Columns (1) and (2) of Table 3 and is the | percentage by which +4 


e of the values in Columns (8) and (9) is remarkable, es- 


pecially i in view of the authors’ claim to an accuracy of only within about 1. y 
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| 
hors foun 
ou 
tress which the authors foun 
ze: __ the percentage of increase in | the percentage reduction of volume in the 
it is the percentage increase in average = 
length due to rivet holes; or, inv . 


The e writer _— like to suggest t the followi wing con clusions on the basis o 


ut 1. In view of the fact that the average stress intensities as found by measur- oe 
BS oe strains on 10-in. gage lines check so closely the average values found i 
es - deducting rivet holes from the tension | flanges, it would seem to follow that the 


of stress are more correctly. given by use of the net | 


- moment of inertia than by the gross moment of inertia. i ee 
2. Since > the measurement of strains for the purpose of looatig the neutral 
axis was made on 10- -in. gage lines and did not register maximum intensities 


axis is moved up by « drilling holes in the hentia: flange, there s seems pr 
justification of the usual procedure of rare ti the neutral axis to be at mie 
ak: Since the average location of the neutral axis is s only ‘slightly above the ¥ 
gravity axis of the gross section this axis may be used satisfactorily for the 


as computation of be deflection of the ‘girder, as may | the moment of f inertia of 


cs ., Since the use of the gross section in computing stress intensity is ob- “f 


viously: opposed to conservatism, and since there are likely to be stress 


it seems proper to use the net moment of inertia in the bs of girders until 


Atvin B. AvERBACH,”? Jun. Am. Soc. C. E. (by .—To 
. an utterance of Hardy Cross, M. Am. Soc. C. E., a structure, not being cog- ae 
of its designer's assumptions, always deforms i in accordance to the 


2, Yield maximum computed stresses in consonance 
assumptions of the specifications governing the design; 
Be capable of being visualized by the user; and | 


‘Under “Conclusions” ‘the ‘authors | * “Tt j is ‘believed ‘that the data 


‘Cie tests point to the acceptability of the gross moment of inertia for design a ; . 


purposes.” The writer { proposes to show that it is possible to analyze a a struc- bee 


ture so as to yield higher design stresses which are still in rer a with the & 
a average measured stress found by the authors. 
i... For example, a a method of design which meets Conditions 1 1 to 4 is the one 


— the ratio of the equivalent net flange area to the gross. It was used in S 


1st Lieut., Corps of Engrs., U. 8. Army, Fort Du Pont, 
* Transactions, Am. Soe. | Cc. E., Vol. 101 (1936), p. 1373. 
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were the service bridge spanning gate openings on the 
River dams. Using the -Telations p deriv ved in standard on 


a and the e ills ent net area by: 


in which Ay A, and Ay are the gross and net flange areas, respectively; Aw is the 


: gross area of the web; pis the vertical pitch of rivets in the web (as in stiffeners) ; = 
andristhe diameter of therivetholes. 


= 


ors, for 3, the areas a 
TABLE 8.—EQuIvaLenT FLANGE AREAS, IN SquaRE INCHES) 


EQuivatent AREAS kes 


0.63, 0.63 


Table 8. From Column (9), Table 3, the computed stress for TREE section is 


‘19. per sq in. ; the maximum tensile stress would be 19.1X = 7 kips 


per 8q in.; and thus the average t tensile stress = 20.9 kips pers sq ‘in mie 


is in fairly g 20.2 


: ‘The results obtained by this method, although numerically slightly higher — 
other methods, better meet the desired conditions. underlying 
& teasoning is simple; it is easily adaptable to unusual girders. Also it does not — 
| ati on the much abused factor of safety, which, already carrying allow- 
ances for defects of material, imperfections of workmanship, secondary stresses, 
Toa stress concentrations, and other intangibles, needs some protection lest 
| become the great un! unknown. It may be interesting to note that in military 


design of bridges in war time the factor of safety based on ree civil practice i" 
to be flatly reduced 20% for steel structures. 
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JONES: ON MOMENT | OF INERTIA, GIRDER 


present- -day specifications utilize design strenien based ‘on net 
areas, with results that are almost identical with the foregoing; but these speci- a 
ee are not feasible for unsymmetrical girder sections. If stresses are — 


— 


JonaTHAN M. Am. Soc. C. E. oy When the 
XS. on Specifications of the American Institute of Steel Construction determined e 
(1936) to adopt gross moment of inertia for the design of plate girders in build. ae 
ing construction, it did so on the basis of a reasoning, satisfactory to its mem- 
_ bers, with respect to actual unit stresses on sections through rivet holes. 2 


That reasoning may be summarized somewhat as follows: 


(1) A statically- loaded plate girder can scarcely be made to fail in the 
fe ~ sion flange; the compression flange and the web usually determine the capacity. ee 
ey (2) All manner of things have happened to overloaded crane girders in mill hg 


buildings, but: not to the tension flanges. 
2 (3) In normal, simple-span | girders the flange area removed by rivet na fr 


is less than 15%. The rivets are practically always machine-driven, and they 
induce friction i in the heads which carries part of the stress. enn 
mt: (4) If occasional rivets are loose, and the friction in Item 3 is nonexistent, me 


the designer would rather have 23,000 in a plate girder flange than 20, 000i in $ 
eo ss _ (5) Flanges that are “chopped up” by closer spacing of rivets, on account of — 
ee ey Paitin shears to be developed i in short distances, should not be required to carry 
ne 
still greater net stresses due to excessive ‘yeduetion j in area; and therefore a — 
oe maximum exempted reduction of 15% resulting from a “chain” of holes was § 
(6) Holes filled with bolts, pins, or rivets have less’ hope of 


“being assisted by friction, and should be deducted. 


ss The specification clause* was drafted to authorize the use of gross sections, _ 
subject to the foregoing implied limitations. ‘It was submitted to a number qd 


¥ engineers and met, not with unanimous, but with general, approval. 


desire for a research project arose after the specification had been thus 
eo drafted and adopted; its purpose was not to convince the Specification C Com- — 

mittee, which had already acted, but to reconcile, if possible, some objectors a 

to what the Specification Committee had done. No one expected to show, bya 

research | project, that there are not peak points of high unit stress around 
rivet holes; or that, if a tension flange could be made to rupture, it would rup- 


ture elsewhere than through a hole. _ What could be shown, and has been i 
ee we @ Exemption of rivet hole deductions to as much as 15% of the gross flange 
area is conservative (rivet hole deduction in test specimens 18.0% minimum — 
and 23. 4% maximum) ; .2o bean 
*Chf. Engr., Fabricated Steel Constr., Bethelhem Steel Co., Bethlehem, Pa. 


for Design, Fabrication and Erection of Structural Steel for Buildings, Ser 
tion — 1936; also A.I.8.C. Manual on “Steel Construction,” Third Edition, October, 1937, p. 272. 
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(b) Drilling holes i in a solid increases the average unit over 
Bolts or rivets in these holes will go a long way toward reducing 


average unit stress to what it wasin the solid material; 
Bolts performed about as well as rivets in this respect, but these = 4 


ightened, of course, with considerable care. ad nid el 


research project has’ been successful in demonstrating all that was hoped 
. It has not disposed of the spots of overstress backed up by lower-stresed ; 

which were not the subject of this particular study. Engineers 
still may be divided into those who believe that the gross-section-modulus : 
specification represents a sound attitude, and those who believe otherwise. 

- For the former group, including the A.I.8.C. Specification Committee, it may — 
nS _ besaid that, as raw materials tend toward scarcity and high cost, it will be more ES a ; 
< more necessary to dispense with inherited extravagances which a practical = “4 


L. Moors,?’ Assoc. M. Am. Soc. C. E. (by letter) —Certain: phases of 
plate- girder behavior have always been open to question, namely: (1) What 
- the effects of rivet holes upon the behavior of a plate girder; and (2) what 
allowance should be made for their eir effects in in n design? _ As is generally Tecog- Tat 
nized, specifications are not in ‘agreement on the latter question. In some 
eases plate girders are proportioned on the basis of the gross section;* in — “a - 
others the net section of both tension 2 and 1 compression flanges is used e 
computing tensile stresses, whereas the corresponding compressive stresses are 
is ‘that such a ‘procedure provides s some allowance for a reduction 
i in strength resulting from rivet holes in the flanges. Little or no information, fool E 
ah either from experience or tests, is available, however, to indicate how entore = ll 
“e such a procedure may be. It is generally assumed, as stated in the paper, that — 
at bending deflections may b be computed with reasonable accuracy, using moments 
of inertia based on gross sections. This’ view is supported by Table 3 in nr nel 
ig the differences between observed effective moments of inertia and those com- 
A puted on the basis of gross sections averaged only 3% in the case of specimen 3 e 
PT-1 and 6% for specimen PT-2, with the maximum individual differences _ # 
amounting to only about double the foregoing percentages in each case. If ey aS 
moments of inertia for gross sections are e satisfactory for computing 
it would seem to follow that they are also satisfactory for r computing average 5 
flange stresses, since deflections are merely a reflection of the strains ns correspond-— 
ing to such average stresses. The computation of stresses on the basis of net 
_ section may result i in increases of from 10% to 15% over those obtained using | 
_— Bross sections; but such increases are of little significance in in view of the stress: Re 
concentrations of from two to — times the average ere produced i in the 


_ 7 Research Structural Engr., Aluminum Research Laboratories, Aluminum | Co. of - of America, New 


_. See A.1.8.C. Specification for th Fabrication an ti ur or : 


Bridges, A 


| 
— 
4 
— 
— 
f 
+ 
ed 
J 
| 


= 

MOORE ON MOMENT OF OF GIRDER 


d 


alues of flange stress are used asa for design, the use of gross: sections ‘ 
"The authors state that their tests were r i ] 


indicate what effect the stress | concentrations at the rivet holes might have _ 1 
the ultimate. strength of the girders. * The fact that some of the 10-in. gage 
oer used in their tests were located in line with the holes in the flanges means 
that the changes in length measured included hole distortions as well as 
the “material. Obviously, such deformations have ‘bearing upon the 
actual stress distribution, they would be expected to be consistent 


with the strains corresponding to the measured deflections. 
ae a he observed stresses shown in Table 3 are in good agreement with the 
values based on either the observ ed effective moments of inertia or 
aan ‘hone based qn gross sections, since there is little difference between these 
quantities. Although the stresses measured in the tension flanges were con- 
_ sistently higher than those found in the compression flanges, the agreement — 
- between measured and computed values based on net sections was not as satis- 
factory as that found for gross sections. The discrepancy would have been 
even greater if the authors had made reductions in area from both tension and _ a 
_ compression flanges in computing net sections, which is the procedure suggested of 
_ by the measurements made of the position of the neutral axis. In compression 


“s flanges, where the holes are filled tightly by rivets or by body-bound bolts, 4 | 


there may be some justification for assuming these flanges to be solid and mak- 

_ ing deductions from the tension side only. Where there are open holes in both fe 
tension and compression flanges, however (as in the authors’ series B tests), 0 or pe 

” here the holes are filled with loose fitting bolts (as in the series C tests), there 4 

would seem to be no reason for not making deductions in area from both flanges - 


if the question of net section is really a significant one. 


afm, order to corroborate the authors’ general conclusion that the gross- ae 


Es: section method i is satisfactory for computing plate-girder stresses in most wee 
= cases, a few experimental data from a test on an aluminum- alloy plate girder = 
have been included in this discussion. Fig. 9 shows the measured stress dis- 
. 7 _ tribution i in the extreme fibers of the web of a girder section subjected to pure — 

bending. The stresses shown “correspond to strains obtained by means of 
tensometers on }-in. gage lengths midway between, and directly over, the 
flange rivets. The interesting fact about these data is that the stresses between 
a = ets are higher than on the net section through the center of the rivets. i s 
aa | ee Although this behavior i is consistent with the elastic theory regarding the effect — 


ane 


1 


7 


‘stress concentrations produced by holes near the edge of a wide plate, it 
contrary to the result expected when the net-section method is used to 
termine stresses in design. The stresses measured on the tension side of the ¥ 
web were consistently “higher than those found on the > compression side ote 
. _ was also found in the authors’ ’ tests), but the maximum values in both cases 
are reasonably consistent with the stresses computed = the basis of the gross 
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a -GARRELTS AND MADSEN ON MO RTL of 
“oie section. _ The use of the net section for the tension ‘flange would increase the Sov 
- gomputed stresses in that flange by about 11%, but would give a greater 

‘difference between measured and computed stresses than that indicated 


* Top And Bottom 


___ Diameter Rivets Spaced 


at 
lina! Br Flange Angles, 51 x 3" 
at Wiha at ot tow a 


Fe. Srress DistrRipuTion WEB oF Section 


e _ The authors propose a formula for computing effective moments of inertia ” 


of plate girders: which involves: not ¢ only the rivet pitch and | hole diameter, 
a but an experimentally determined constant which they have evaluated within 
certain limits. Such a refinement in the computation of stresses and oe 
y tions searcely seems justified from the data given in the paper. — One objection ty 
a that might be raised to such a ‘procedure i is that no consideration is given to + 
o- the possible lack of integral action between the elements of a plate girder. For | 


ber 


some proportions it appears | that this factor may be of even more significance 4. 
i ss than the effect of rivet holes. The various parts of a plate girder function, ie 
_ course, through their connections. _ Load can be transmitted from the web io 
_ the flange angles and cover plates only through the action of the rivets, which 
involv es deformations and slip. a would have been of interest in this co 
nection if the authors had included some of the strains measured in the web 
:} and flanges of the test girders. . The two types of data did not indicate the same . 
i) position of the neutral axis, a as shown in Table 1. It is conceivable that they Ce 


might also have thrown some light on the question of integral action. © - 
M. Garretts, Assoc. M. Am. Soc. C. E., anv I. E. Mapsen, 2 Jun. 


Aut, Soc. C. E. (by letter) —There is some difference of op "opinion ‘as to the 


Associate Prof., Civ. Eng., Columbia Univ., New York, N. Y. — 
Asst. Research Engr., Fritz Eng. Lehigh Univ., Bethlehem, 
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behavior of the elements of a plat e-girder beam under load. ‘With the adoption 


- some of the fur fundamental assumptions that have been used for designing such 


q ae The authors’ research represents an excellent attempt to learn more about Be 
q _ the plate-girder beam by observing the action of test girders under load. The 
q questions relating to the position of the neutral axis and to the of 
ae inertia of the beam are important and warrant investigation because they are Kg owe 
The writers are of the opinion for a beam with open holes in both 
| q Bar (similar to series B in the tests) the neutral axis will remain at the center line ‘el os 
eo fer. some range of loads, perhaps up to the working load. Since the stress- a eve 
4 strain relation is taken to be the same in compression as in tension, the deforma- ]g ye 
q a a tions would be equal i in the two flanges as long as the action is in the elastic: & if a 
| range of the material. Thus, until plastic deformation occurs on the 
— ae flange cross section at an open hole, there is no reason for a shift of the neutral . ‘a ‘ 
3 axis, ‘The effect of stress concentrations at the edges of the holes would <2 a in 
there are bolts or rivets in the holes, the deformations in the 
flanges n may also be essentially equal for some range of loads. In a region of 4 th 
pure moment, this action will depend on how well the rivets fill the holes, and 
on the friction forces developed by the rivet heads. If the r rivets or bolts fill 
the holes. sufficiently well to offer resistance to deformation of the flange 
—- 7 7 terials, the transmission of forces across the net section will be of a different iS va 
= nature in the two flanges will produce an “unsymmetrical effect. The 


ve friction forces acting on the rivet heads will generally develop some tensile | eke 
compressive stresses in the rivet heads, thus providing s some splicing action at fe 


writers are in doubt as to what is meant by the statement (see heading 

he “Cc nclusions”): “It is believed that the data from these tests point to the ac- a a h 

| q design purposes.” Do the authors refer tode- 

‘sign computations for deflection, or for stress? 

e latter is meant, the writers do not agree. iis 7 

consideration of statics will show that the 
| average stress on a cross section through a rivet 
Conter Line of Web |. hole must be larger than that on a gross 88 cross 
j section. In addition to the expected variation 
of stress due to stress concentration adjacent 
= lengths by the writers show. a higher average th 
unit strain at cross section through a rivet 
- hole than at cross section. “taken between 
_ = holes. The 10-in. Whittemore strain gage, used in the authors’ tests, oy a 
‘Measures the over-all average strain for all cross sections included in the 10-in. 
length, but does not give the average strain at the minimum cross 


_ 
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MADSEN ON MOMENT OF INERTIA GIRD om 


ioning 
the parts of a according t allowable and an ‘ “effective” moment 
of inertia for computing deflections. The writers are of the opinion that an 
“effective” moment of inertia is an unnecessary refinement, because it repre- 
e sents the action that occurs only for the case of open holes, or for that ins 
which the bolts or rivets do not fill the holes and therefore offer no resis- _ 
tance to deformation of the flange materials. If this procedure of using the _ 
weighted average of the moments of inertia for gross sections and a 
- through the holes is to be used, however, an average moment of inertia per unit 


in = average moment of inertia per unit of length; N = number of 
Fe rivet holes at cross section; D = diameter of rivet holes; p = rivet pitch ; and 
ig Iq = the moment of inertia of the area of the holes, taken at the diameter 0 e. 


Bin 


values of m are shown i in! Table 9 


TABLE 9.—CoOMPARISON OF VALUES OF m = 


ection % Value of mby| Computed Percentage || Value of mby| Computed Percentage Ae 
|_ experiment value of m | deviation || experiment a value of m deviation 


| ene | on |. . 0.928, 0.942 


ia eo computed values. of m check fairly well with the experiments 


This is i 


seen when the for m is The vale of of n 
Was computed as the ratio of the loads required to produce equal deflections for — 

4 given girder section and the corresponding section of series A. Since there © a 


were rivet holes in the vertical legs of the flange angles. of the series A. sections, 

i ‘the experimental values for m represent a comparison of the effective moment wo 
_ Of inertia (IZ) for series B, C, and D with the effective I of series A. mo), 
The value of the factor k in the authors’ equations is 7 , the same as the is’! 


in Equations (9) and (10) This quantity is a shape factor 
depen ds only o on the of the holes. 
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a behavior of the elements in a n a plate girder is 
= the uncertainty of the action of the rivets; but tests such as those that 1 th 


ai lo ‘ow 
P. M. Am. Soc. E. (by letter) .—The interesting 


} standing among structural engineers that deflections of a plate girder : are in 

practical accord with the gross, rather than with the net, moment of inertia. _ 
i similar relation, however, cannot be accepted so readily as regards maximum Be 
4 effective unit stress in the tensile flange. In the investigation of old plate 


_ girder structures whose sufficiency for modern loading was in question, the Bi 
writer has err it nash ag to use the method described below for the de- ne 


= ‘that hen rivets hold the parts together with sufficient force to prevent slip and, 


‘to ) develop > stresses which are in accord with bending theory. ia 
oi c is the distance from the neutral axis to the extreme fiber, the maximum ‘| 


‘stress on ‘the e gross section will be s = If If the distance fr from the 

Be anne axis 3 to any flange rivet line (either through the v web | or through cover 
is the the gross at this line of rivets will 

This unit stress will occur in the _ of of the flange between rivets. A rivet 


hole will cut from the flange | section an area equal to 2 Dt, in which Di is the 
diameter of the hole and ¢ is the thickness of flange angle, or, for onan ; 
_ rivets, the combined thickness of angle and cover plates for two lines of rivets. 
“= rivet hole may now be regarded as cutting from the section an area 
: ~ whose total stress equals s’ s’ (2 Dt) and causing this stress to be detoured around — = 
the rivet and ultimately divided up over the entire net section of the flange. 


representa this net section, a unit stress of ————— will be added to each 


ng unit stress in the gross flange section between rivets . Adding this increment 
aes to the maximum extreme fiber stress, s, in the gross section, will give the 


‘maximum tensile unit stress in the se section. 
_ ‘This method of procedure is inconsiatent in that it assumes the stale’ g 
action of the rivets to be sufficient to cause a d distribution of fiber stresses be- 

a tween rivets which is proportional to the distance from the neutral a: axis; but it ce 


5 : y does not consider the frictional force under the rivet head as sufficient to pre- B . 
ae Hs vent the increment of stress, due to the flange ‘material ¢ cut out by the rivet hole, — ‘ 


‘ 
ad 
2 


. from being carried around the rivet. The results, however, are believed to be : 

Se A, more nearly correct than those by either the method of net moment of inertia 

_ or that of net flange area. For a girder without cover plates, the result will 
‘ly the : as by the net flange area method; but if there am. 


eover — it will generally be somewhat less than this value. 


| 
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—- 32 _ accordance with its gross moment of inertia. Since the section is symmetrical, aa te t 
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w. Fiscuer, % Esq. (by letter).— —The experiments and results ‘reported 

this | paper were conducted with great care and refinement. Ae 
2. According to all the tests, the neutral axis remained fairly close in position — ce. 
om to the center 0 of gravity of the gross section; and this s seems reasonable because __ 

the rivet holes in the tension flange do not remove much metal as s compared — 
the entire volume of the tension flange. _ With a 5-in. pitch there is alightiy 
 Iess shift than at a 2. 5-in. pitch, and that is as it should be; and, for average _ " 
ae conditions, the writer will agree that, for the deflection of a riveted plate girder, 


. it will be satisfactory to assume the neutral axis at the center of gravity of the 


x 4 gross section, and to use the gross moment of inertia. The computed deflec- | 4 

ee tion will then be a trifle less than it really is by experiment; but the variation = 

will be small, and may never be more than 3% in error. 

es ie A riveted plate girder acts similarly to a truss. Every engineer will deduct — is 

rivet holes i in the tension flange of a steel | truss, and for that reason it seems 


i. that rivet holes should be deducted from the tension flange. of a riveted plate = 


. 


* i se ‘The authors failed t to secure & true measure of t the stress in the net se section 5 4 
for the tension flange, because of their testing procedure. ‘The true stress at 
| 

ii 4, 


+ rear the true tensile stress at the section of a line of rivets if round 
a holes are used. _ ‘The e only solution i is to use slotted holes at the section n where 
Saar stretch is to be / measured, the slotted part being, | say, lin. long, and the _ 
width being the diameter of the rivet hole. If the slotted part is actually 1 
: long, if a gage length of 1 in. is used, and if the average of several positions ay 


across the net area of the tension flange is used, ‘then from such a test the 
eae reat of the calculated results will represent the true stress at that section as 
domly as an experiment can be made to determine it. _ Tests should first be 
performed: using slotted holes at the net section tested, and then the load 


ie, 


a should be removed. _ After: the load is removed rivets shall be placed in the — 
slotted holes and tested. again to ascertain if the grip of rivet heads change t the 
The plate girder tested by the was rather shallow; a representative 
& ade of reasonable depth should be tested, and several cover plates should be 
- used so that the effect of rivet-head grip on the outer cover plate and the out- 
| standing leg of the angles at the net scction will be reduced to an 
be, | - One item that is not clear | to the writer is just how the 10-in. gage length a 
i pth erted to the true stretch of the bottom tension n flange. _ Aslight curv ature 
_ > in the beam seems to indicate that the actual gage length measured was the a — 
“Sea chord length and not the true arc length. It seems that the shorter the gage 4 
length the more e definitely the true stretch can be ascertained. 
Zg-value as given in Equation (5) is too large. Before it is 
additional tests should be performed on representative girders, 
deep, and including several cov ver plates. The writer will agree, that the pitch 
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“of the rivets in the tension Sena should be used in the general equation so as to 3 


a take care of the slight shift of the neutral axis, and the writer would not use a BS 
for I E the for the of a riveted plate girder: 


oc. 


in which Iy is equal to 7g minus the moment of inertia . of the rivet holes in the ap 
tension flange only, about the gravity axis of the gross section. The section — 
modulus then equals Jg divided by the distance from the gravity : axis of the S 


yross section to 1 the extreme fiber. aitind ade tia 


R, Am. Soc. EB (by letter) —Few engineers would 
‘think of using the net-section moment of inertia of a plate girder for cores 
the deflection for the reason that it is representative of so little of the length . 
‘The gross-section moment of inertia represents much more of it. A moment 
of inertia proportioned between these | two is more likely t than either of them — 
to be the proper 01 one to use. _ The deflection data of this paper afford excellent 
material for making a study of the proper basis for this proportioning. If Kee 
: the addition of holes i in the e tension f flange causes an increase in the deflection, E 
it is ‘apparent that the angular movement due to the bending of that part : a 
ES the holes is no longer the same as if no holes were present and the use of the 


gross moment of inertia is therefore only an approximation. _ The deflection a 
may be computed i in detail for gross ‘section and net section progressively, : as te 


they come, or fairly accurately from gross and net sections in proportion to os 


the parts of the lengths: taken by the two. If the deflections given in this 


=> 


ae 


‘paper are equal to the. deflections so ‘computed, the conclusion must be drawn s 
_ that the angular movement as computed from the net moment of inertia obtains | : 
at the regions containing holes and the fiber deformations and stresses ee 

A Table 10 is an attempt to show the effect of the holes on the reduction of 

the load- ~carrying characteristics as illustrated | by the ‘moments of inertia, 


given deflection the moments of inertia are directly proportional to the 
loads carried, ‘Columns (1) and (5) of Table 10 are taken directly from 


Colun ns (3) ‘and (1) of ‘Table 3. ‘The reductions a are all computed 
a from the A-value for each group. Column (3) is not found in the original 
‘paper. For PT-1 specimens having Hin. holes, spaced 5 in, apart, | 13.7% 

the entire length i is at holes and 86. 3% at no holes, or at gross section. Accord- 


< ingly it is assumed that 86.3% of the girder has a moment of inertia of, say, 
178.5 for specimens: without cover plates, and 13.7% has a monnent of inertia 
of 164. 3. For convenience, the holes are  conaidered to be #4 4 in. ‘square; thus: 


5178.5 X 0,863 = 154. bet 


effective moment of inertia for computing deflection or the 


of inertia, as is then 176.5, This Drocerhute 
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the same as that which would | be used the 


tion of a girder having two different moments of inertia when the number of : ‘ 7 


Hours Oren (B), wits Bouts (C), or wits Rivets (D) 


rs 


Proportional ‘i Observed | Net Section | Proportional 


Mo- | Per- | Mo- | Per- | Mo- | Per- | Mo- | Per- 
ment | cent- | ment ment | cent- | ment 
of in- of in- age of | of in- 
ertia, i ertia, i | section] ertia, 
itt A apg 


5 | .... | 178.5 
176.5 |. 1. | 174.6 
176.5 | 1.1 | 187. : ‘ 0 | 174.6 


300.9 
297 ok 
476.9 
471 


98 471 


a ‘The percentage reductions shown in Column (2), Table 10, are those which _ 
would be expected if the holes ran in the form of slots for the full length of the 
—_ os if the holes had no effect on the deflection, these percentages =a 


The material in the number 1 group, A-1, B-1, and C-1, is the most valuable e 

_ since the A-values were not taken from girders - where clamps were relied upon 
to develop | the horizontal shear as was the case for the others. > In all ae 
except one the effect of the holes was greater than would be expected from — ¥ 
ordinary net-section calculations, taking into 0 account the proportionate length 


are shown clearly. The between the values of Columns (6) and 
(4, Table 10, are greater for the closely spaced holes. It appears” that the 
: holes hav e an effect over a length greater than their diameters and that the 
— Mbetitution of square holes for round holes is not nearly enough to cover this 
 Coadition. In the cases of the close spacings | these effects apparently met or 


TO 
«section Mo- Per- Mo- | Per-— Bes 
ment | cent- . | ment | cent- 
+ | of in- | age of f| of in- | age of ; me 
A-l | 178.5 | .... 4 4 
164.3 | “8.0 22/1770) 64 
| 3009 | | 3150] .... | 3009] .... | 3009] .... | 
“A Be | 270.7 | 10.0 1.3 | 298.5 | 5.2 | 270.7 | 10.0 | 293 2.6 | 282.0) 1050 eer 
C2 | 270.7 | 10.0 1.3 | 306.5 | 2.7 | 270.7] 100 | 293 | 26 | 2950) 64 = 
A-3 |.4769 | .... | | 404.0] .... | 480-1] .... | 480.1]... | 5000] 
«BB 4300 | | 1.2 | 460.5 | 68 | 4332 | 98 | 467 | 2.7 | 4420] 116 
| 4300 32 472.0 | 4.5 | 433.2 | 98 | 467 | 27 | 4530) 94 
DB | 430.0 | 4805] 27 | 4332] 98] 467 | 27 | 4600) 80 
— 
— 
— 
wou e expected from the net-section calculations, the reductions 
. — 
og would be as shown in Column (4), Table 10. Column (6) shows the percentage | = ss 
reductions for the observed moments of inertia. The moments of inertia 
§ shown in Column (5) are larger than those in Column (1), and a reference to the Ss 
— 
— 
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SEY ON MOMENT OF INERTIA oF GIRDER | 
The seems to be clear that the net-section ew" for the caleue 
- Fe lation of tensile fiber stresses indicates the actual situation much more aceu- zt 


rately than the gross- -section moment of inertia; and if plate girders 


— 
a 


2 


is greatest for | open holes, ‘and that it gradually a approaches the 
value as the method of holding the flange together is changed from clamps, _ 
zt to bolts, and to rivets. _ The authors add that a corresponding decrease is not t : 
shown for tension flange, indicating that bolts and rivets tend to relieve a 
shown in the compression flange. The observed results in Column (6), Table 3, an 
indicate that bolts and rivets tend to relieve the stress in the tension as well” 
4 as the compression flange. This seems to offer evidence that the gripping 
action of rivets produces an appreciable reduction in the theoretical stress — 
concentration a at the sides of open holes in the flanges. stress concen- 
trations may be as much as three times the | gross ; unit stress, which indicates Ne 
that they will reach the yield point of the material before the working stress if 2 
developed. — It is significant that when the two girders were tested to 30 kips ae 
wee per sq in. there was no indication of permanent set. This is contrary to what 
_ one would expect. The fact ‘aaa no set was produced is evidence of te 
The most important reached by the authors is that plate 
a may be designed acceptably by the use of the gross moment of inertia. © The 
most common consideration of this question has been on the basis of gross” 
sections versus net sections of a tension member, it should have been 
lan 
A plate girder has one flange” in tension and d one flange in compression. 
‘The strength of the compression ‘flange is determined by its resistance tafe 
__ buckling. ot It has long been known that, under static loads, the compression * 


; 4 flange of asymmetrical girder will fail ong before the tension flange has reached Fl 


C & 


ao 2 


— 


its ultimate strength. It has also long been known that, under static loads, 
i it is practically y impossible to make a girder fail in the tension flange, while : 
ae the « compression flange is still intact. - This was well demonstrated in tests tay 


plate girders which are summarized i in Table 11. 


npany in 1910. The girders were 303 in. “iden, back to back of flange angles; 
28 ft long, center to center 0 of bearings ; and were made in the following general — 
, classes: Class A girders were symmetrical, without cover plates; class B girders 


were unsymmetrical, without cover plates, the compression flanges being 

Designing Engr., Am. Bridge Co., New York, N.Y. 
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aper. The tests reported 

and the wri 

wit care ait Wore rexccuved, and the writer believes 

that the authors’ conclusions will be verified by further experimental work. | 
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heavier than the tension class wer re symmetrical, with cover — 


a ex xtremely unbalanced, with two angles ames in the tension flanges and cover- 
nea compression flanges which were more than twice as heavy a: as the tension _ 


dee was applied to the girders at the third points of the span, ee 3 
- bearing blocks on the compression flanges. The two ends of the girders ae te 


a 


held against lateral movement. The unsupported length of the compres i 
: flanges, therefore, was equal to the length of the girders except for such supp , E, 
ie alle of thesé girders failed in the same manner—that i is, by buckling of the = 
compression flanges at theoretical unit stresses which averaged 9% above the — ~ 
“yield point. This was accompanied, in | some cases, by buckling of the web — “a 
“plate. In only one case (Girder G11) was there failure: of the tension yn flange. 
Its evident that the tension and compression unit stresses should be alike for ‘ 
= - symmetrical girders, when they are based on gross moment of inertia. The | 
¥ tension stress, on the basis of net moment of inertia, was ; somewhat higher — 
re (10% for the girders without cover plates and 20% for those with cover plates). 
By es _ The maximum tension stresses. were still less than the ultimate—in the sy sym- 
* | metrical girders these stresses varied from 73% to 81% of the ultimate. _ 
: ie Making the girders unsymmetrical resulted in an increase in the tensi 
5 unit stress at failure without ai any appreciable change in the compression unit 
stress (in | comparison with the yield point). i These girders continued to fail 4, 
by buckling of the compression flange or failure of the e web plate until the 
dissymmetry reached the extreme values shown in girders Gil and G13, where 
the compression flanges w were more than twice as heavy a as the tension ange 
; Girder Gi showed a maximum net t tension stress of 105% of the ultimate — 
tensile strength. . As stated, this was the only girder in the series that was 
z Tteported to have shown signs of failure in the tension flange. The report of | 
g this failure states, “Top (compression) flange and cover plates buckled and 
deflected downward. Complete failure of top and bottom flanges and 
- between loads.’’36 ‘Even i in this girder the compression u ‘unit stress at failure | 
was more than the yield point of the material. 
__ The writer believes that it would be acceptable to design any of the girders ES 
listed in Table 11 by the gross moment of inertia method. ‘The use of 
of inertia seems to be an ‘unnecessary y refinement. 


use today, and its use as the principal member of large structures is increasing. 
2 The structural action of the plate girder i is ; very complex ai and warrants much 
Morestudy than hasbeen giventoit. 
Considerable research has been conducted on many types of structural 
& ‘members, which has added to ‘modern knowledge of their behavior. The 
column has proved a fruitful field of research since the Quebec Bridge disaster 


" in 1907. Many column tests have been made in connection with the con-- ia 
Unpublished report of tests at the Ambridge (Pa.) of the American Bridge 1910. 
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of some of the most important bridges. very important series 8 

tests of riveted tension members was conducted in connection with the building t 


a of the San Francisco-Oakland Bay Bridge. Whenever a structure is built — 


anti sit) nit tte ox tay we fetes one” 
TABLE 11 OF Grapmns, 303 In. 28 Fr 


co 


7 
Compression Ustr Srressezs, 1v Kips per Square Inca 
ickness, | ickness, roperties 
eer 
7) | 8) | (10) (13) | (14) 
3/8 | ... | 5/8 |11.72| ... | 5/8 |11.72|203.0| 446 | 44.6 3] 67.4 
GSB | 3/8 5/8 {11.72 5/8 |11.72/318.0| 484 | 484 | 535 | 420 | 674 te 


eo. 


5/16| ... | 5/8 {11.72 1/2 | 9.50\288.0| 46.0 | 52.5 ; 
3/8 |... | 5/8 |i1.72| | 1/2 | 9.50|200.5|] 45.2 | 51.3 | 
8/8 | | 8/4 [13.88] | 1/2 | 9.50]308.0] 424 | 53:5 | 59.0 | 388 


3/8 | 1/2 116.50 1/2 | 1/2 {16.50 |396.8| 43. 
42 


which a quantity of -eyebars, it is is customary t to specify full-size tests 
of several bars. The question is: Where can one find a report of tests of large o 
plate girders made in connection with an important project? = 


plate girder | has not been subjected ‘to any concerted program 


2 | 432 | 521 | 37.3 ; 
G4B 3/8 | 1/2 1/2 1/2 1/2 {16.50 |393.0 8 42.8 51.6 | 37.3. 
1/2 | 3/4 5/8 |22.22 | 3/4 5/8 |22.22 |488.0| 39.7 39.7 47.7 
| 1/2 | 3/4 | 5/8 |22.22| 3/4 | 5/8 |22.22|463.0| 37.7 | 37.7 | 45.3 | 4 
{12 | 76 |15.36| 3/8 | 716 \13.61 41.1 | 448 | 539 | 
G9 6/16 | 1/2 16.50 | 3/8 1/2 |14.75 |378.0| 42.5 46.0 55.5 38.1 
ry _ G6A 3/8 | 3/4 5/8 |22.22 | 5/8 5/8 |20.47 |438.0| 37.0 39.2 47.2 39.7 4 t 
G6B | 3/8 | 3/4 5/8 22. = 5/8 5/8 |20.47 |443.0| 37.3 39.6 39.7 
1/2 | 1/2 |16.50|558.0| 30.6 | 55.5 | 66.8 | 369 | 68. 
Gi1 | 3/8 | 3/8 | 1/2 |14.75| ... | 3/8 | 7.22 /288.0| 384 | 585 | 67.0 | 334 | 639 y 
3/4 29.63 | ... | 3/4 |13.88 |543.0 61.8 70.4 36.7 | 686 
* Web plates all 30 in. deep. t Cover plates all 14 in. wide; one plate t as noted. 
14-in. by cover plates. § Two 14-in. cover plates, 5/8 in. and 1/2 in. thiek. 
— a by 4in. oth es in each case; outstanding leg, 6 in. | I, denotes ‘‘moment of inertia based on the Tn — 
area of both flanges.” I, denotes ‘‘moment of inertia based on the net area of both flanges.” I 
‘yield-point stress in the compression flange.” _ & denotes * tension i 
8 
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. writer believes, however, that there is nee 
tet and that as a result engineers would be able to design more talent 
U. Kaine,” Jun. Am. Soc. C. E. (by letter) — —Apparently, the 
authors presuppose that the theoretically correct method of designing a plate 
girder is by use of the moment of inertia, and that the crucial question is: “What — 
ay of inertia should be used?” No mention is made of the widely used — 
is. “flange-area method,” probably because they regard it as only an approximate — 
makeshift. _ For finding the actual stress in the extreme fibers, that is un- a 
- doubtedly true, but, for that purpose, so is is the moment-of-it ~inertia 1 method only 


ee a makeshift, since, as the authors point out, ‘the actual stress in some points of i 


the flanges will have reached the yield point when the as found 
a by the moment-of-inertia method is only 18,000 Ib per gy, 


sq in. 

‘Tf it is agreed, then, that ultimate aim of a 
“method of design is ‘not to produce a girder that will — 

have a certain stress in the extreme fibers under the 

a design load, but to produce a girder that will have a cer- si 
tain factor of safety under that load, then the writer be- — 
-fieves it can be shown that, theoretically, the moment-of- 

inertia method i is not as as correct as the  flange-area method 
girder that is properly designed and properly braced 

“a ‘against lateral buckling will fail by excessive deflection - 

caused by plastic yielding of the flanges. The deflections 

ie will not be « excessive, , however, until the load is such that plastic yielding has na 

ocurred throughout the entire cross-sectional area of the flange.** __Under 
that load, the ultimate load, the ) stress distribution will be as shown in Fig. 11. 

= Under « any less load, “the stress in’ in some fibers of the cross section of the flange — } 

“will still be within the elastic range, and the deflections of the girder will still 

+4 be of the magnitude of of elastic deformations. Any additional load would cause 

the web to wrinkle and the girder to fail due to excessive deflection. 

; a It is evident, then, that if a girder is designed by the flange-area method in a “3 

™ which the allowable stress is assumed to be ‘distributed | uniformly over the 7 Sa 


— 


1 sq in. were the yield-point stress and 18,000 lb per sq in. the allowable stress, ae 


_ the factor of safety would be 1.67. “Factor of safety” is defined herein as the ae 
~ ratio of the ultimate load to the design load. What the actual stress is at -» age 
point in the flange is not known, any more than it is when | using the moment- > 


Inertia method, and, except where fatigue ma may y bea factor, it is not important. - 
is The flange-area method i is slightly i in error in regard to the addition ¢ of one- 


load it assumes the distribution of stress i in n the web to be as shown by 
Fellow, Civ. Eng., Univ. of Illinois, Urbans, 


‘Theory of Limit Design,” by J. A. Van den M. Am. Soe. C. Proceedings, February, 1939, 
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ogg . 3 the dotted line i ‘in Fig. | ii This. error, however, is not only on the safe side (as paul 
i > an examination of Fig. 11 will show) but is also so small as to be negligible, xe fF 
cept possibly in very shallow, heavy girders. Where the moment-of-inertia — 


is used, the factor of safety, even with the same allowable stress, will 


divided by the allow able stress as is commonly assumed. 


hs ‘From consideration of the foregoing, it is believed that the moment-of- __ 
a ™~ ‘inertia method is not only less theoretically sound than the flange-area method, _ { 


as _stress-distribution diagrams), and in no case will it be the yield- -point stress 3 


that the latter also satisfies the authors’ “design methods. 


should be as simple as possible.” chet ; 


Tuomas C. SHEDD,*? M, Am. Soc. C. E. (by Saas .—The first two sen 
in the authors’ ‘introduction are: is customary for structural designers 
te consider a net moment of inertia in the design of plate girders.  Forthe 
_ purpose of this paper, ‘net moment of inertia’ will be defined as the moment of = 
inertia computed by deducting t the effect of the material removed by holes in Va 
tension flange.” ‘These sentences imply two things: First, that, in general, 
‘structural designers proportion plate girders on the basis of the moment of @ 
_ inertia; and, second, that i in | doing: so they deal with the net moment of inertia I 


a8 defined | by the authors. | There seems to be. little basis in fact for either 


4 


issued by Clarke, Reeves and (later the Phoenix Bridge. Company) 4 


the rule for ‘structural ¢ designers to consider t! the e moment « of inertia of a girder, 
and even more exceptional for them to consider net moment of inertia a as ee 


oh, The fad for requiring the proportioning of plate girders by the “moment of J 
inertia “method” i isa relativ ely recent and entirely unnecessary y development. 


* Quotations | from some well-known specifications will give some clue as to when — 


specifications issued by the American Railway Engineering Associa- 
“tion i in 1910 were widely used, and even more widely patterned after in the 
writing of other specifications. In that specification may be found:* 

“Plate | girders either the moment of 


1920 specifications, issued by the same The 1920 specifica- 


_ # A.R.E.A. General Specifications for Steel Railway Bridges, Art. 29, 4th Ed., 1910. hs oe a 
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$HEDD ON MOMEN 
“Plate girders shall hie either by the moment of inertia 


of their net section including compression side; or by assuming that the _ 


flanges are concentrated at their centers of 


on A specification prepared and presented in 1923, by a committee of onl 


‘Plate girders ‘shall be proportioned | by assuming flanges 


a concentrated at their centers of gravity, * 


A specification prepared by a joint committee of the Society and the Amer- 
ican Railway Association, March, 1929, ‘ont 


—_ girders shall be proportioned by the moment , of inertia of f their 
sections, including the compression sides; or by assuming that the 


‘flanges are concentrated at their centers of gravity, cia 


The original specification issued by the American Institute of Steel on- 


struction contained the forerunner of present-day clauses in the form:“ 


Ee “Plate girders with webs fully spliced for tension and compression s z 

2 Min tee so proportioned that the unit stress on the net section does not exceed 

: heey stresses specified i in section five as determined by the moment of — 


‘It will be noted that this clause does not require that girders be proportioned _ . 
by the so-called moment-of-inertia method—merely that they shall be so pro- 
portioned that fiber stresses computed fr from the net moment of inertia will will not a 

exceed a specified value. That requirement can be met. easily and accurately 

without computing either the net or the gross moment of inertia. bar 
7 The first widely accepted specification to adopt a definite requirement that 
girders | be proportioned on the basis of the moment of inertia, as far as the 
= knows, was the American Railway Engineering Association specification 
“Plate girders and other members subject to bending that produces net. 


tension on one face shall be proportioned by the moment-of-inertia method, 


pe using the net section of the compression | side as well as of the tension side.” 


“Plate girders, I-beams, and other members to bending that 
‘ produces tension on one face, shall be proportioned by the moment-of- .— 
oa Inertia method. | _ The neutral axis shall be taken along the center of gravity _ 
of the gross section. The tensile stress shall be computed fromthemoment 
ay of inertia of the entire net section and the compressive stress from the page 
moment of inertia of the entire gross section. aoe lou 


Final Report on Specifications for Design and Construction of Steel Railway Bridge 
Transactions, Am. Soc. C. E., Vol. LXXXVI (1923), Art. 323, p. 482. ~ 


General Specifications for Steel Railway Bridges, Proceedings, Am. Soe. Cc. E. 
ATSC. Standard Specification for Structural Steel for Buildings, June 1, 19 23, Art. 7. Sy 


Bulletin No. A-RLE.A. Specifiontions for Steel Railway Bridges, February, 1935, Art. 426, 
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tion of specifications, for the statements quoted at the of 
ion. The definition of net moment of inertia given by the authors 


fn a neutral axis resembling the edge of an old-fashioned bread knife. 
The most casual consideration of the flexed girder would seem to establish the a2 


lane of “no stress as a _ continuous, smoothl -eurvin surface which 
reas, y g suriace w cannot 


- depart 1 more than an entirely ‘negligible distance from the center of gravity of — 


the gross section—it cannot conceivably “jitterbug” between the center of 
_ gravity of the gross section between holes a the center of gravity of the net 

a To design plate girders by the moment-of-inertia method, as recommended — 


the authors, and by many | recent is: an 


a 


fiber stress, either on gross or net section, will exceed 
specified value. may proceed as follows: Using the flange-area method, 
calculate the net area of the tension flange in the ordinary way, mul- 

: ad tiply this area by the ratio of the estimated over-all depth to the estimated — 
0. ~ depth, proportion the gre and check the estimated ted effective depth 


— 


— 


previously nosed) ‘not greater the ‘assumed value, and not by 
than 1% or 2% (usually less than 1%), except for very shallow and heavy 
see ine which the discrepancy may be as much ¢ as 5%. | If the cone 


— 


ae 


rom effective depth were defined as the distance between the center of gravity of © a r 
4S the compressive flange stresses and the center of gravity of the tensile flange 
Prk stresses—the web area being translated into an equivalent flange area in sub- 


stantially 
- In their conclusions the authors state that: ““* * * the data from these tests 


point to the acceptability of the gross moment of inertia for design purposes.” # 
The writer is not ' sure he understands what is meant by the statement. ms 
| means that one may compare girders he wishes to design with those which have 
been designed and built, with satisfactory results, on the basis of computations st 
using gross moment of inertia, probably most engineers will agree, although 


they may not see any advantage in convenience or accuracy in so doing. 
.- statement is intended to convey the idea that one may apply the unit 


pe 


stress” generally, ‘used on net section to gross section and secure a girder 1 with 


_ the same margin of safety, the writer cannot agree—he finds no evidence in — 


the data reported to support suchathesis. 


«“8tructural Design in Steel,’ by" r.C. Shedd, John Wiley & Sons, Inc., 1934, p. 178 (first published 
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M. Am. Soc. C. E. (by letter) —The interest in this paper, as manifested by ‘e 
many indicates that the design of plate girders is is in 


- great value to all interested in this moire , and will be followed closely in aay 
was to be expected, criticism of the conclusions has been voiced 
a! by many discussers. On the other hand, all of the discussers who had experi- be 7 eg 
mental data. to present have agreed that the gross moment of inertia is 
ceptable for design purposes. Although this. agreement was indicated, sev veral 
of the discussers on reasons which differ from: those 
general the discussions reflect the traditional thinking of the 
engineer. in regard to net section as applied to tension members. 
The writers do not advocate the discarding of net-section rules for 
members, as 80 many -discussers imply, but they wish to emphasize the fact 
that a plate girder i is a structure in which tension and compression members _ 


are combined. — _ They limited the original paper to the action of the girder under — 4 


conditions rather than in the measurement of high localized stresses at, and 
around, the holes. The tests have shown that these strains are not greatly 
affected by these highly stressed areas, and that for all practical purposes the a 
: strains might be computed by the gross moment of inertia. Therefore, it - ey : 
believed that the gross moment of inertia will represent working conditions of — 
the girder more accurately than the net moment of inertia, ‘since 1 no matter -) oe 
rin what method of computation is used the real value of the high stress ‘around — 3 
ist the hole will be little affected. As several discussers have mentioned, these __ 


ee concentrations will be of importance if fatigue i is a problem. — ie acy nade at 


5 The tests also indicated that the over-all strains in the two flanges of the Re 

E girder were practically the same, showing clearly that if the net-section advo- iN 

b - cates wish to be entirely right and consistent, they should deduct the holes from bF 

# - the compression flange as well as the tension flange. This is an elaborate at 34 

een of the fact that the stress concentrations exist in both flanges and — a 
that the rivets in the compression flange are no more effective in the so-called — — 


ine of the hole than those of the tension flange. 4 
_ Although the writers restricted their paper to the action of a a plate girder ro a 
¥ under static loads within the working range, the discussions indicate that the ‘ki an 
problem cannot be so limited. The discussions focus the attention on the ¢ com-— 
pression flange rather than on the traditional tension flange. The writers 


Scam discussed | failure by buckling while e making hone e tests, bi but did not touch ye 


ably. discussed by several of the notably Mr. Hussey. Although 
the writers believe that their tests at working loads were suficient to justify x 4q 


- the use of the gross ‘moment of inertia, a consideration of the stability of the Pi 


“ Prof., Civ. Eng., and Chairman, Div. of Eng., Swarthmore Coll., Swarthmore, Pa. 5 
Asst. Prof., Civ. Eng., Swarthmore Coll., Swarthmore, Pa. 
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inertia i in n design. i This i is true because it in a failure by buckling : a conse 


gross moment of inertia tells more about the behavior of the entire strectuti dt 
ee The majority of the discussers seem to indicate that the use of the gross <— 
=4 moment of inertia for determining deflections is common practice and such use 
is not questioned. The writers believe that this phase of the problem requires ae 
non more discussion, except to point out that in ‘unusual cases Equation (5) is e 
available to give a more accurate value of the effective moment of inertia. — bai D 
_ The tests reported show that for all practical purposes the nevtral axis ‘- 
may be considered at the centroid of the gross section, and that there is no 
- indication of an undulating elastic line. It is true that a discontinuity exists 3 
in the ‘stresses around the 1 flange holes, and it is also apparent that conditions 
are the same in both flanges, giving a symmetrical cross section in this respect. a 
a By the e principle of of St. Venant, the boundary discontinuities will have no bear- - 
on stresses normally expected in the interior of the web plate, and hence 
affect the position of the neutral axis. 


a 


— 


ve 


7 _ Neither the net moment of inertia, the gross ; moment of inertia, | nor any other 

the proposed r methods of design the actual | stresses in and around the 

holes of a plate girder. When the stress concentrations around such holes are 

i ee careful study, it becomes evident that no simple method can | be used to ee 
7s : evaluate them. They usually reach the ‘yield point stress at the edge of the 

- and they cannot be modified by the methods of computation. 4 The thoug ht 


that a a unit stress computed from a net moment of inertia giv es 2 clearer iden, ws 


by the rupture, or the tearing apart , of the flange. 
a a high load is placed upon the girder, all parts of the tension flange a 
_-Feach the yield point stress. Certainly then, if ever, the net section should — 
govern because all: stress concentrations h: have been wiped out. . The compression 
and tension flanges will reach the yield point stress conditions at the same time. is 
The tests made by the American Bridge Company, and reported by Mr. Hussey, 
show what happens when this condition is reached. The compression flange 
4 buckles and the plate. girder fails—a functional failure—and the stresses and 
_S the stress concentrations in the tension flange are not vital factors. That is, 5 
= <a these stresses did not measure the safety of the girder, so the traditional empha- _— 
A sis of the designer upon stresses computed i in the tension flange by net-section oe 
__ methods has had no real bearing upon the safety of the girder. All of the tests 
reported by the discussers confirm these conclusions of the waltoms that safety yo 
does not lie in the computed stresses in the tension flange. vot 
Osgood calls’ attention to an article by Friedrich ‘Hartmann; which 
should he read by ev one interested i in this subject.* * Professor Hartmann 


“The taking into accoun of the weakening effect due to to rivets in 


« % arts of a girder that are under tension was a matter of course so long a8 
2 a the static failure of these portions was considered as being the controlling 
factor in regard to safety. However, a girder becomes unfit for service ay 
much sooner, in ‘general, when non-permissible detormmations. occur.” 
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g 


a theoretical discussion calculated to give the for "the foregoin 


a depth-to-span ratio of approximately 0.1, and flanges of angles and cover 
plates. _ They were tested to destruction and failed by the buckling of the com-_ 
.. pression flange. The stress in the compression flange at failure slightly ex- me 
 geeded the compressive yield point of the material. Verification of this latter 
statement is noted in the tests reported by Mr. Hussey. 
| cs As stated, Mr. Hussey presented the data of a series of tests which bear 
ng direetly on this problem. The plate girders were loaded to failure, and in ev ery 
_ ease except one the tension flange showed no distress and the compression flange 


a failed by buckling. The one failure in the tension flange which Mr. Hussey 


e. girders wails of open-hearth steel. These girders had a span of 10 m (32.81 ft), 


reported occurred in a girder where the compression flange had twice the area — a ‘ 


i. of the tension flange. In general these tests supplied the data at failure re 
a quested by several of the discussers and bear out the statement of Mr. 4 a 
that the safety of the girder is not controlled by the tension flange. = =| 

ee Professors | Morris and Shank suggest m methods of av eraging the net sections _ 
with the gross ‘sections to obtain flange stresses and a weighted moment of 
inertia, respectively. The w rriters believe that an average was obtained experi- 
mentally by using a 10-in. strain gage, since’ such measurements over the — 
rivets (or holes) actually integrate the existing conditions. 


Mr. Lane very d a that was in the 


we 


jacent to rivets) of high stress restrained and stiffened by of 
hele stress.”” Highly stressed areas of this type have never given trouble. _ 
Mr. Black computed the e stresses in the riveted section of a rigid frame abies by, 
make-up was se same as that of a plate girder, and found that the maneuned Fe a 

Moore reported tests made on an aluminum plate girder, in which he discovers’. 

ag the stresses between rivets were higher than the stresses in the net section. _ 


__ Mr. Jones has stated clearly the reasons for the adoption of the gross moment _ 
of inertia by the Committee on Specifications of the American Institute of Steel 
| Construction . However, the writers want it clearly understood that the tests 
were not planned to confirm any action of any committee. They were designed — 
_ to give essential data, and if the results seem to favor the gross moment of a 
inertia it is simply because the confirmation is there. 
ot report of Professor Shedd on his careful research into the ‘specifications a 
of plate girders f for the past fifty years is particularly valuable. _ Whether or 
? not readers agree with Professor Shedd that girders s should be proportioned by 
a the ‘ “flange-area method,’ ’ all will admit that as long as stresses govern the = 
es composition of flange areas, and the common theory of flexure is accepted, the — 
_ Moment of inertia, either gross or net, must be the final resort of the designer. 


The writers agree with Profesvet Shedd om the neutral axis does not resemble 


life, 
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guile interest in the problems of the plate girder, _ which has been demon- — 
strated by the large number of discussions, will insure many more investigations, bast 
The writers had only the results of two “pilot” test girders to guide them in Sse 
writing their paper, but they are of the opinion that t those tests, and the stimu- oe 


3 


es writers close this discussion with the hope that each engineer will avail x, 


a dating discussions, will go far in guiding future investigations, and hence will 
gerve their major purpose. The writers are quite convinced that future in- 

4 vestigations: will be focused upon the 2 compression flange rather tl than upon the 

tension flange. These future tests must include all types of cross sections of 
girders, varying degrees of restraint of the compression flange, and 

himself of any opportunity to test plate girders under working conditions and 
e that he will also see to it that the results of his tests - given to the profession, 
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FIELD ‘TESTS OF A SHALE FOUNDATION 


‘BY ‘AUG usT BE. NIEDERHOFF,* 1 Assoc. M. AM. So Soc. C 


Discussion By Messrs. Harry H. Hartcu, Jacos 


Jack R. AND Avaust E. 


Field tests described i in this paper were éonducted on shale 
of Possum Kingdom Dam on the Brazos River near Mineral Wells, Tex. They : 


included time-settlement tests on various sizes of square plates, a cyclic loading : 


test, and a series of tests to determine the effect of be bond d and coefficient of fric- 
tion of concrete monoliths on a prepared : shale foundation. — The tabulated a and 


graphical field data presented are analyzed in an attempt to verify some of the oe 


current theories advanced by students of soil mechanics. ” Comparison i is also i 
made between somewhat similar tests. performed i in the laboratory on smaller 


specimens. Formulas and permissible load values are suggested for this par- — 

ndation material. my 


The necessity of placing. dams on difficult f is becoming increa 
* ingly frequent as the better sites are put to use ‘and as more-and more control — 
and conservation of water is demanded by the public. The engineer is thus — 


‘ faced with the problem of using a “second best” or a “third” or “fourth best” 


"mm Kingdom Dam, near Mineral Wells, is one of several on the Brazos — 
River designed to control floods and conserve water for useful purposes. -‘De- 
- sign requirements as s set up contemplated a@ masonry dam | for a head of 130 ft, 
: founded in the blue shale underlying the sand and gravel in the river-bed at a bag 
P depth of approximately 20 ft. The procedure adopted was the usual one of 
examining available literature on shale foundations, performing specific tests 


and experiments on selected samples in the laboratory, seeking advice from — 


_ xperts and consultants and then making field tests under natural conditions, 


_ In due course certain information was acquired and, more important, certain — 


i preconceived notions as to the extent of available information and the con- 


fi 


Civ. Engr., U. 8. Army Engrs., U. 8. Engr. Office, Ore. 


4 


ad. 


— 

— 

4 
7 
phe: 
060 
ard 


OF A SHALE FOUNDATION 
of test with identical were proved to be in 
__ error. _ Many of these curious anomalies in the data cannot be ex ici 


— The literature on shale foundations | gives an excellent ‘bird’ s-eye view Se 
of the problem and serves as a reassurance that such foundations have been es 
- utilized successfully in the past. All too frequently, however, reports of tests A 
are n not sufficiently comprehensive enough, are vague in description, or or lack a 
conclusions that could have been substantiated by later ‘measurements. For 
maximum benefit to the profession the important boundary conditions ofa 
- problem should be stated, with a description of the material, a full record of the Re 
a tests, the final working loads used i in the design of the structure and, if available, ‘4 
_ the deformation of the foundation under actual loads. This last a can-— 
be furnished by 1 the writer but is it may be ly supplied by 


such observations deductions as seem to be warranted by the results. _ 
= 


loads and a repetition of loads. general purpose was divided 
Bete into five component parts, as follows: : (1) To study the sliding of concrete _ 
placed on a prepared shale foundation, under tl the influence of horizontal and 
—* loads; (2) to observe the fatigue effect on the shale when the load as 
a ‘ for several cycles from a maximum to a minimum unit load; (3) to determine — 
- the time effect. on an area of the shale under the weight of a constant lo: load; ‘a 
to establish the relationship between various sizes of loaded areas under equal 
S unit loads and the settlement of those areas; and (5) to _compare values ria 


sh 
be 
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‘in laboratory on selected sp specimens, , under assumed and controlled pee 

tionsof drainage and temperature, 

At the time the tests were proposed, it was realised that data on 

each of the foregoing items might not be obtained and that supplementary 

q _— of interest would occur to the investigators during the tests. Both of — s 
ed these things happened a and the result was a progressive accumulation of knowl- 
edge. af Fundamental assumptions made prior to the tests included the  observa- 

> aa that failure would probably not occur from compressive stresses in the shale | 

: 8 but from the tendency of the dam to slide c on the contact plane between the 


"masonry and the rock. This item was given: primary consideration. Another” 


fundamental assumption was that the shale was less rigid than the conerete 
esi am above it and that the deformations would be confined to the shale. aye | 


et The rocks at the dam site are sedimentary i in character, consisting g of a top 
member of limestone and grading downward through various admixtures of sand- 
i a _ Stone, , silty and sandy shale, conglomerate and finally a fine-grained blue shale. e 
The blue shale bed is approximately 80 ft deep and is supported from below by 
a hard gray sandstone of unknown depth. This general stratification is app 
; — on — cliff on the left bank and i in the trenches that were dug i in the — ae, 
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ground on the e right bank of the ri river The Brazos River cut 
rock barriers successf ully and is now about 300 ft below the top of the limeston 
lift. The cemented conglomerate and the sand and gravel in the river-bed ae 
have been brought. down from the headwaters during flood periods 
og The top part of the Wolf Mountain shale : member immediately below the — 
e base of the ov verlying limestone and conglomerate has been oxidized and altered 7 
by waters that have seeped through the relatively. porous limestone and con-— 
_glomerate and have followed along the top of the impervious shale. The color 4 
" has been changed by oxidation of the iron content from gray to yellow; cal-— 
 eareous cement has been dissolved and the shaley content softened to clay. r 4 
Except for this weathered zone at the top of the formation and a moderate _ a 
~ general penetration of surface weathering, the sandstone, sandy and d silty shales, a = 
and blue shale phases of the formation are satisfactorily dense, strong, and im- ~ 
i pervious. The various phases of the Wolf Mountain formation appear to h have — 
‘The shale, including the silty phases, slakes in water after being dried. | ‘The 
ie -slaking propensities vary considerably depending on its composition and tex- 
ture, Therefore, it was necessary to observe the usual precautions against “3 
7 surface deterioration in all foundation excavations where concrete was placed. _ 
The foregoing considerations indicate immediately the of greatest 


method of retarding this: tendency. during construction was to y the exposed 

shale surface with an asphalt solution. This protective covering keeps the 
shale from drying and preserves its rock-like character. Since concrete must 
placed on top of this protective eanting, the of bond between thedam 
and foundation was unknown. (A) sat) 9 j of 2 

af 


LaBoratory Tests oF SHALE 


| 20 Prior to making field tests, an extensive series of laboratory experiments 
were made with the shale at the Agricultural and Mechanical College at Col- ‘ 
= Station, Tex. Additional tests were run at the Vicksburg Soils Laboratory 1 


ay 


of conducted by the U. S. Army Engineers at V icksburg, Miss. In general, the | P. 

preserved u ntil tested. The greater part of 
. “tests were made c on — 6 in. in diameter, 12 in. high, or on parts trimmed 
_ from the 6-in. cores. . Although they varied over a wide-range, the results of 


these tests were of a predictable nature and for { the low er stresses indicated that 4 4 . 
- the shale behaved as an elastic, isotropic material. The average r¢ results of the . 


fin 
testes conducted are as follows: 100 bist od) dotder vo nen 


(a) Moisture content, expressed as a percentage of the 
ry weight. . 785. 
Percentage of total volume occupied by 


; @ Absorption of water, expressed as a percentage of the € a 


total weight. . 
Mod sof 
Ae compression of 7.2 tons ” sq ft. 
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Crushing strength of 6-in. by 12-in. cylinders, in tons wa d 

Shearing parallel to bedding plane, in tons per square Lay, 


he 


Heredis bas when compressed at 7.2 tons persqft...... 1B. 2. 
Shearing normal to bedding plane, in tons per square 
"4 when compressed at 3.6 tons persqft...... 885 
| j) Chemical constituents 3, expressed as percentages of the 


al 


oil’ Cohesion, in tons per square foot (Vicksburg tests). al al 45 
Angle of internal friction, in degrees (Vicksburg tests) 


: 


(ec) is ‘not a standard or recognized test. ‘The ‘method used was to 
weigh specimens containing all of their natural moisture and then immerse 


a. was noted that the specimens remained hard during this time and continued to 
ieee a absorb water for about 10 days. After the period of immersion the specimens rs. : 


towel dried and re-weighed. The percentage of absorption was taken as 
the difference in the two weights, divided by the initial weight. = = 
es. — also to be noted that Items (h) and (¢) fail to conform with tests () i 
and (1) made at the Vicksburg laboratory. Disparity between results obtained 
“ by different laboratories, and even differences between several results ed r¢ 
the same laboratory, are the usual problems that confront foundation 
engineer. A second series of tests covering ‘essentially the same points gave 
eh higher results and will be discussed subsequently under the comparison : 
conducting the laboratory tests an attempt was made to duplicate the. 
a technique used in testing other earth, shale, and rock samples. New methods — | F i 


_ and refinement of apparatus were given some consideration but available time — 
made it expedient to follow such rules as were known to have » given good results 
i in other cases. A further discussion of the laboratory tests is beyond the scope 
of this paper and they are mentioned merely to afford an over-all view of oo” 
material on which the field tests were conducted. 


Supme or ConcreTe Biocks on A SHALE FounpaTION: (a) 


Le On the: right bank of the Brazos River the concave side of Possum King mm. 
y Bend has a gently sloping surface that formed an ideal place to dig a test: trench 
down: to shale. At the point chosen for the trench the elevation of shale was 
higher than low water in the Brazos River and all experiments were conducted 4 


without interference from the river or from shistade drainage. a = 
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TESTS OF A SHALE FOUNDATION 


‘erate and snail were excavated with t the aid of a small power shovel and 
trucks, after drilling and blasting. When! blue shale was reached, it was 
excavated to within 12 in. of final grade ‘and'an asphalt sealing solution was 
applied to the surface to keep the moisture within the shale from escaping. 
- Immediately prior to casting the concrete blocks in place t the last 12 in. _ of shale i 
x were removed by air tools and by hand, the surface was cleaned by an-air jet a Ks 
4 and another sealing coat of asphalt solution was applied. . The foundation for 
the test blocks had a 5° slope upward i in the same ' direction as ti the direction. of y : 
: the horizontal force that was to be applied. This sloping contact plane enters. a 
into computations for the resultant load aad the angle of friction between cons pry 
a crete and rock. . The tangent of the angle of the resultant: load on this 5° 0 “i 
sloping plane from a line normal to it is the ratio of parallel to normal forces. bi a i? 
= parallel and normal forces are the vectoral summation of proper com- — 
popents: of the vertical and horizontal loads. No special effort was made to 
2 secure a sandpaper finish on the shale foundation and the small irregularities 
_ from the use of the air tools were believed to be comparable “4 the surface that — 
be obtained under the dam when it was constructed. 
= 
The concrete test blocks were made from local ban. A river water and 
ortland cement. 4 Frequent checks indicated an average weight of 153 lb per 
a ft and concrete test cylinders made at the time | the blocks were cast, as well — 
as cores later drilled from the test blocks, showed an average crushing strength bs 
ofa 6-in. (diameter) by 12-in. (high) cylinder to be appreciably more than 3 000 
le ~ W per aq in in. . Eight test blocks, 1 measuring 5 ft by 5 ft by 5 ft were cast i in place, s 
but only three of these gave significant information about the shale foundation. _ 


apparatus for the tests consisted of vertical and horizontal 


steel platform for backing, transmitted a controlled and registered vertical force on 
(see Fig. 1). The overhead platform . spanned the test trench and rested | on 
rollers placed on ledges or berms cut in the sandstone on — side of the | 
trench about 10 ft above the foundation (see Fig. 2). hey ee PS: ve 


‘ies he rollers made the platform movable along the Siciahin axis 80 that when 


rm was 
Horizontal loads 3) were applied by five working 
against the base of the concrete test block and using the side of the trench for _ 
backing. Fig. 4 shows the apparatus in place. Shoring and blocking were 
necessary to distribute the loads properly to the shale backing. hs Jacks = fi 
hydraulic gages were ¢! calibrated after the tests were finished. Entire: ‘units were 


iz Horizontal mevemnbad of the concrete save was measured by four dial gages 
_ at the lower four corners of the block. Vertical movement was measured “2 

two dial gages at the ere we and rear on the e center line of the block near r the top & 
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ise 


we 3.—Hrpraviic Jacks SHortne For Horizontrat Loap APPLICATION 


Sa ingenuity to jeapurt these gages rigidly and independent from the test block. 
‘The framework finally used, as ., as the relative positions of the six dial gages, . 


__ The test procedure consisted - first applying the vention load up to a pre- 
determined value and then loading horizontally until the specimen failed. 
Movement of the block in a vertical and horizontal direction was recorded _ 
frequently during the loading. 7 Time was } kept from the beginning of the test — 
“until failure and a record was made at each | reading interval to study the move; 


un 


—— 
‘TABLE 1.—Frew OBSERVATIONS ON Test BLOCKS 


Total Shear, 
hori- rd in tons | zontal 
— per move- cient of 
uare | ment, in to | a 


tons | “Toot inches i ile 


| 0.072 


| 02 2 


_* Percentage of the base area of the concrete test block to which shale was adhering after the t test. : 
Data on on the three blocks giving most information about the » shale have been 


tabulated in in Table 1 el. Af - After failure of the specimens both loads were released 52 


— — 
— 
— 
— 
| 

| 
| 
4 — 
— 
a 
Test | Time, | load, in| Settle- 
Block | in | tons per | ment, in area in 
| minutes oquare inches contact 
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‘failure. sia in (6), Table 1, are taken along the plane of 
“contact between the shale and concrete. "They show an expected increase 
- with the increase in normal load. The coefficients of friction of concrete on ; 
. shale (Column (9), Table 1) include the effect of bottom irregularities i in the a 
foundation caused by scars and depressions from the use of hand tools in Se 


cavating. ‘Subsequently these irregularities were filled with concrete when the 


pe 


block was ‘cast in place. ‘Visual inspection of the bottoms of the test blocks, — 
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when they were turned over upon completion of the tests, indicated that local 


ad of the shale during the second test gave this rather high value for uj 
coefficient of friction. The time involved in the tests was a matter of minutes = cad 
: and corresponded to a “quick tests.” This factor must be evaluated properly, | 7 
‘Particularly i in any extrapolation of these data. A graphical stress-strain . 
By -telationship i is given in Fig. 5, the vertical load being kept constant for each of bi. a 


_ It should be noted in Fig. 5 that the specimens showed remarkable agreement | 
_ with Hooke’s law up to a fairly well defined point that might be termed the __ ~ 
ft point.”” This assumed yield point is about 63% of the ultimate strength 
pee and probably represents the first local failure in shear of a part of the shale im- — $< 
“mediately behind one of the protrusions of concrete that filled the irregularities — 
of the surface of the foundation. The rate of increase in the ratio of horizontal 
: load to vertical load was constant for all three specimens, to the point of ulti- 
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ad 
(1) we een conerete and shale in of the 


solution that separated t! aide (Ql 

The sealing solution preserved the rock-like qualities of the shale; 

: ‘- ii (3) If the dam is proportioned | so that the ratio of the summation of hori- 
-—gontal forces to the summation of vertical forces does not exceed 0. 50, a safe S 
(4) Shear values a are a function of vertical load and increase in direct pro- 

Bikes... Settlements were small for. the loads appl applied but greater ee 


— be > anticipated for larger loads sustained for a longer period. ) 


the vn Jt was planned to store flood waters up to normal pool elevation 
= _ then release them gradually for domestic, irrigation, and power purposes down — 
7 to a predetermined level established in the interests of conservation of water. 
Such operation would result in base pressures at a point on the toe of the dam a 
that might vary from 10 tons per sq ft ft, , maximum pressure, to 4.3 tons per '8q ft, ag 
minimum pressure. The probable time involved for such a load: cycle would be 
SS one year and although no great concern was felt over such a condition, — 
this aspect of the problem was deemed worthy of investigation. 2 | a 
_ A cast-iron plate, 12 in. by 12 in. by 1.5 in. thick, was carefully leveled upon a 
prepared shale foundation. Preparation of the foundation included final 
ze hand excavation of s application of an asphalt emulsion. a 
This protective coating was s renewed at 20- day intervals or as often as small 
patches show ed wear from foot traffic. The cast-iron plate was seated upon 
2 very thin layer of Portland cement mortar to obtain a level, horizontal surface 
and to fill the minute irregularities on the rock surface. 
_ Controlled and registered vertical loads were applied through : an \ hydraulic 
ad backed against al bin full. of sand resting on an overhead platform, To 
assure axial. ‘application of the load a spherical bearing block was provide 
between the Jack and the loading platform. Settlement readings were taken 
mall dial instruments measuring to 0.001 in. at the four corners of 
So the test plate ‘a at four points on the shale 6 in. removed from the sign of as ; 
load cycle w as considered complete when the pressure had been f 
3 slowly to 10 tons and then decreased to 4.3 tons. _ In general, one cycle me 
require about six weeks during which time daily observations were taken of 
i. settlement, temperature, and weather. Som e difficulty was experienced at 
first but corrections were soon made and the sede of the test was not lost. Four 
4 cycles were completed i in 246 days and the graphical record is indicated in Fig. 6. =a 


7 soll In general, the shale behaved as an elastic material that would compress 


cycles. ‘The greatest av average ccttloment of the four corners of the plate 
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The load on the shale foundation under the pro 
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plate edge. ‘ ” The data are decidedly irregular and cannot be 
as a stress-strain graph. _ In a gross manner it can be stated that there is . 


Temperature, 
in 
grees, 

Fahrenheit 


20 406080100 120140” 160 180 "240-260 "280 
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; g graph on not coincide with the “unloading” line. _ This phenomenon was 
7 more apparent in laboratory tests of cyclic loading. i second observation is 
that the deformation at the end of the fourth cycle was more than that obtained | 
in the first, second, and third cycles. . There is a tendency for the settlement 
ess to flatten and become horizontal after repeated loadings, indicating some 
change in the structure of the rock. The permanent set of the area immediately 
under the test plate, and the slight upheaval of the points 6 in. removed from 
- the plate, is typical of compaction and the probability of some plastic flow 
_ However, the magnitudes of these movements of the foundation are small pa ; 
‘e remains a a matter of conjecture: as to the number of loading cycles before | 
definite fatigue effects could be noted. Certainly, for or the loads involved in 
test applied at the same rate for four cycles, the settlements are without _ 
_ structural significance. There i is & recognized danger i in assuming that a single Be 
- test result on a specific, small area of rock can be used indiscriminately ¢ on the 
_ entire foundation. The difference between areas under test and under the a 
_ prototype is too great to use the results of the experiment as any thing more J 


Trwe Errect on SETTLEMENT 


The time effect on settlement was ‘investigated from t the results of of loading ; 
three e cast-iron test plates and observing the settlement. Since the preparation rela 


_ and test procedure for obtaining the time effect is the same for all Il three plates, — fs 


_— deserption of only the 12-in. by 12-in. by 2-in. plate will be given. The final + 
results will include data on all three plates. _ The dimensions of the other two he 


- Pilates were 6i in. by 6 it in. by 2 in., and 24 in. by 24 in. by 2i in. » respectively. ae 
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plate an hydraulic jack. “The jack used the overhead loaded 
platform previously described, for backing, and axial application of the load _ 
was insured by at a spherical bearing block between the jack and the ee: " 
A Tefinement over the aitaees equipment consisted of a pressure ae 
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en the | pump : and. the ee, 
The pressure regulator gave constant pressure with a minimum of manual 
a4 attention, and the check valve permitted withdrawal of the pump from the line se ‘ 
‘without | loss of line pressure. If repairs to the pump were necessary, the ac- 
 eumulated test data would not be lost. The test plate itself was leveled care- ie 
at fully and set upon the prepared shale foundation i in the same manner as theone 
7 ‘used for the cyclic loading | test. Settlement r readings wer were taken on the ma 
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> 


‘Equilibrium was reached by the emallest test plate after 60 
load application. further settlement was noted although the 
a load was kept on the plate for 121 days. The medium size, or 12-in. by 12-in, 
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shows plotted against time on a semi-l 


the three plates. ‘A smooth curve is drawn, based upon these 
he difficulty of making simple, comprehensive statements from these test re- _ 


sults is evident immediately. The three curves do not agree in shape. — onl 


0.15 


has 


Eiko a general agreement of form can be said to exist few the time settlement At 
_ curves for the medium and large plates, the data on the smallest plate do not pe: 
3 give the same shape of curve. ‘The: conclusion drawn is that the rate of settle- 

“ment is a function of the loaded area and the total load. Furthermore, the ay 
4 tate is slow enough (0.01 in. in 20 days for the largest plate) 80 that i in the proto- a 
. type the stability of the structure will not be affected. ls 


& the dam over a long period should be anticipated, n. 


formula, modified by a parameter, may be applicable. “However, 


4 the Poisson’s ratio of the shale is not known and a check on tl the foregoing sup- 
- Position i is precluded. No drift or plastic flow was discovered and settlement 5 A. 


‘Tt has been stated? that the amount. of settlement i in soil is equal to the 


me 


F produet of a constant depending upon the character of the soil, the diameter of — = 
- the loaded area, and the unit load on the area. The tests on the three different 
Science of Foundations—Its Present and Future,” by Charles Am. Goo. C. Ey 


ions, Am. E., Vol. 93 (1929), 270. 
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TESTS OF A SHALE FOUNDATION 

al sizes of ne scieneaa each loaded with the same unit load, and founded o1 on the 
Par same type of material, form the basis for establishing the relationship between 


the size of the loaded area and settlement. The equipment and tests 


tons per sq ft, showed a settlement for the smallest plate of 0.048 in. 1. and a: a 
average esttlonnent of the shale, 12 in. removed from the plate, of 0.044 in. a 
The medium sii size ize plate having times the a area only 0.10i in. and 


= settled only 0.123 in. and the oulaide shale, 12 in. away, 0.072 in. These 
oval alues are of an expected order and can be used in the formula ae ae 
= constant = 0.08; 


r square foot = 10 


5 
Side of Plate, in Feet 


‘Fre. 9. —RELATION BETWEEN Test | AND (1 (1) 


_ 39 Fig. 9 shows this relationship between experimental results and Equation 


insure comparable results. od 


Fig. 7 indicates that the set eis. 


(0. 035 i in. upon load release and 0. 0651 in. and 0. 70 in., respectively, for ‘the 12in, 


is the load a of size but that the permanent set is 4 
ise governed by the size of the loaded area. 


ont 


it follows that there is some “edge effect” or disturbance. W. ‘Housel! 


pecs Notes on Soil Mechanics and Foundations,” by Fred L.-Plummer, M. Am. Soc. C. E., Edwards 
rothers, Inc., Ann Arbor, Mich., 
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q test plates indicates a cohesive medium offering resistance to shear. ( 
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M. rim into account in 


for eohesive soils: 


i 


= total allowable pressure in tons on = area 
) jn square feet; | = perimeter of footing in linear feet; and, m and n = two 
distinet constants. The constants can be established by considering the load 


nsid 


# late load for a similar settlement. — a This has been done for a settlement of 0.05 


in. and the computed constants are m = 6.2 and n = 0. 525. ‘The agreement : 
for other equal settlements is rather poor using these exact constants but there A 


t 


es; ~The conclusions that may be made from the experiments on loading g an 


settlement of test plates on this shale foundation are: te 


(1) Cyclic loading of the foundation is not structurally important (the ‘ 


supe plastic flow of the shale under repeated loads is small and at a slow oe 


ai (2) Continued settlement of the dam over a long interval at a slow rate can Riera, 
ee (3) Careful proportioning of footings so that the larger footings cerry smaller 


per square unit will are differential settlement; and, 


ataat - 


; - Rapid laboratory tests were ‘made to determine shear and sliding values on» 


. 
= 


east a neat sand-cement mortar cylinder of the same diameter and about the Feiss. 
e same height. The data in Table 2 can be compared with similar material for seas 
4 field tests on Blocks Nos. 2, 3, and! 8,in Table 1. If the normal load is plotted ae 


faci TABLE: 2- —Lanoratory OBSERVAT 10 


igo! sgode ad 
NS on Tzst BLocks 


onl nodes a Normal Load, in Tons per 


Square Foot 


Average shear, in tons per square foot 1 
Ratio of pene load to vertical load 


against average shear (Item No. 2, Table 2), ‘the resulting graph to 


One Teason for the higher test values i is that 1 there was n no asphalt 
- coating separating the concrete and the shale. _ This is reflected by ‘the lor er ial i 


bond or shear values for the field tests, amounting to an 81% reduction. | Slide 


ing friction was ‘also lower 28% f 
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‘smooth, coated with an 1 asphalt solution and a neat sand-cement 


The shale was subjected to ‘eyclic loading, at an accelerated rate, 
eT ae laboratory. A 6-in. by 12-in. cylinder of shale was placed in the center of a 
corrugated i iron culvert pipe 13.5 in. in diameter and 12 i in. high. The 
a nee annular space between the shale and the pipe was then filled with plaster m ae 
a ae Paris. Load on the shale area 6i in. in diameter was applied through a disk — 
measuring 4.91 in. in diameter. Compaction was measured by Ames 
an Two tests, for 16 and 24 cycles, respectively, varying from no load to 15. 2 tons 
. ee per sq ft gave a deformation of 0.006 in. and 0.0036 in. after four cycles. After 
qq sixteen cycles the permanent set was 0.0084 in in. 8 |. and 0.006 in. _ Elastic hysteresis it 
elastic after effects were both noted i in these experiments. Likewise, it was 


— & 


— 


Ta Several other unrelated facts were noted in the laboratory experiments, all a 

_ of which defy comparison with the field tests. One of these was the 100% 

consolidation of a small shale | specimen under a load of 3.576 tons per sq ft. Ba 
_ Furthermore, by crushing many 6-in. cylinders of shale, 12 in. high, a general 


- increase in — — was noted fori increase in depth at which the = 


gr he results of the field Whatever else may 4 
ee be claimed about the field tests, it is undisputed that errors incident to sampling Bt 
Beaty and to duplication of natural conditions are eliminated. It is believed that, in .. 

ae" any comprehensive foundation investigation, the test results obtained in the 

should be supplemented by those taken in the field. 


Detailed | gleas © were inca for a “gravity dam and a a round- head buttress. 

_ dam for the same site. _ The field tests indicated a safe bearing capacity of 10 

_ tons per sq ft, assuming correct proportioning of footings. The n maximum unit Ja 
1: loads used in the. design were 9.1 tons | per sq ft for the tar tnd type of dam bol 


= 


vax dam and 0.486 for the round-head buttress >> eal This i is about med 


KR of the horizontal to the vertical forces used i in Sachin’ was 0. 0.392 fo for the ial 


a shearing apparatus with a known load normal to the plane of contact of the 
a two materials, and then a load parallel to the contact plane was applied. After 
a. ae the slight bond was broken the coefficient of friction of the materials was 0,506. ae | nA di 
a hie jc OF lowe ben that ohtainad |, e 
al 
Bx. 0 
4 
— | 
| > 
— 
gg 
— 
a 
respectively. This compares favorably withthe 
as 2.3 and 3.6 tons per sq ft, respectively. This compares favorably withthe 
: 
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HATCH ON TESTS OF A SHALE FOUNDATION 
-pIscUSSION 


H. Hates, ‘M Am. Soc. C. E (by letter) ).—Considering the indi 


Vite. 


q viduality of “every foundation material or ‘its. constituent 


ite 


of test reported i in this paper, ‘is 


as if its results agreed one hundred per cent with the preconceived notions, 

Tt is desirable to standardize tests and testing methods for the sake of economy 

a of time and money; but on no job should an engineer b be content with the — 

“patent medicine” laboratory theories and notions. He should explore. f further, 
by independent research, to find the truth forthe caseinhand. | 

i Only recently have the rule-of-thumb methods been discarded and scientific 
investigation applied to these jobs. “Sufficient data are not available yet even a 

suggest : a law of averages. —Itis essential that all such investigations should 

r ‘yield concise information in regard to the purpose and the method of conducting 

any test that is not well known or standardized. It is all the more important, 

- therefore, to have before the. profession the accurate | description and results of 

_ every investigation of this nature in order to augment the store of information 


> knowledge on the subject; and the author should be commended for his 


purpose and efforts i in presenting this paper. = 
ot Under the heading “Laboratory Tests of Shale,” Items (h) and (i) do not a 
in which: s = unit shear; — = normal unit load = external load per foot of — 
= angle of internal friction; and C = unit cohesion. 


The ‘computed shear value ‘Item (h), according Equation is 
7.2 tan 45° + 4.5 = 11.7 tons per sq ft, or 88.9% of the observed value, 1 J) ae 

—_ similarly for Item (3), it is 3.6 tan 45°+45 = 8. 1 tons ‘er sq ft, or 97% ; = 
of the actual value, 8.35. Items (k) and ()), therefore, give values about 11% ee a 
: 3% less than the actual; and unless this consistency is purely by coincidence, .: —¥ 


the test results cannot be considered seriously in error. = 
~The writer’s 8 experience has been that the coefficient of friction (a (and hence 
— angle of internal friction) is not constant for a given soil, and that it de- _ 
e. If C, the cohesion, is kept constant at ie zl 
43 in order to have the actual and the computed ghear values agree com- m 
: -_ Bitely, the angle of internal friction should be 50° 23’ and 46° 55’ for Items (h) Ps Ne 
_ and (¢), respectively, in this case. That is, , the hi igher th the pressure the larger 
the angle of internal friction will be, which. does not agree with the writer = a 


fi 
“Div. Engr., Springfield Water Works, 


4 
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a tion in, investigation, and the variation in the experience, competence, = es 
urprised that “consistency 
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Could the solid rock formation and its | noting planes ath 
or this? On the contrary, with due respect to the difference i in their normal 2] te 
=a to bedding plane, instead of vice e versa as would be expected. Perhaps, Cae 
after all, bedding planes in this solid rock may not be of any consequence ~ — 
_ during the ‘Shearing tests; or the value given | to cohesion may be responsible oe e 
for the inconsistency. a More details as to the number of tests conducted for Soe 
i the two planes, with their individual results under different pressures and with a: 
a description | of the method of averaging them, will b be necessary ta to a 


_ There are only two average shear values given. More would have been Py 8 
desirable, but these two will satisfy Equation (4) with the assumed constants 2 


we 


25’ and C =3.5 (see Fig. 10(a)). A description of the author's 


yo _ methods of testing cohesion and the angle of internal friction of a solid roe a 


at 


_ formation will be of interest and may throw some light on the subject. Net 


— _ _ Equations (4) and (3) are identical. In the latter z = 8; the shearing force a: 
_ in tons pers iid foot; and y = —', the normal ‘pressure in tons per square foot. a: 


C =3. 7, tan ¢= = 0. 9, = 42°. already stated, ¢ cannot 
Temain ¢ constant as s the increases, ¢ even if if shearing value i increases ses with 


ing Force, in Tons per Square Foot ‘ ft 
=” 


‘Sheer 


approximate and obtained the plottings of only two’ oF three 
—— the equation ‘becomes entirely inapplicable. In Fig. 10(b), Curve - . 
gives the relation between Columns (2) and (5) of Table 1; Curve B is the plot 1f 


4 


of Item | No. 2, Table 2; and C is the plot. of Equation According to 
4 ra Equation (3), or Curve C in Fig. 10(b), there are 3.7 tons per sq ft of cohesion an 
=. between the concrete and the shale. Can there be any such cohesion between — whee 


concrete and the shale blocks? With no cohesion existing between the 
" blocks, the extension of Curves A and B down to the origin can well be justified. — i? ; foe 
From Fig. 1006), it is perfectly evident that the relation between shear and a a 4 
‘normal pressure can be represented neither by a straight line, nor by a simple 
ee. From a practical point of view, what necessity | is there for cohesion tests i 4 
- and angle of internal friction tests when actual shearing tests are likely ta to ove — 
8 auch better picture of the existing conditions in the structure? 2 te 
It is preferable to have as many direct ‘shear tests as possible under tl the ce. 
circumstances, but a sufficient number of them at : any rate, and to plot them « ee 

in order to obtain a more or less representative graph showing the relation © 5 ‘| id 


between the shear and normal load, without paying any attention to the 


Bir 


uncertain term of the angle c of internal friction of a ‘solid rock formation or t 


As stated by the author, the asphalt coating separating the concrete an and a 
the shale must have acted as a lubricating plane between the two and was 
mostly responsible for the lower shear and coefficient of friction values. 

to the asphalt alone, disregarding : any other possible reason, it is estate 


whether the two sets of tent results can be comparable, 


@ 


= 
— 
— 
— 
— 
— 
— i ‘ 
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a experience; namely, the coefficient of friction is not constant, but decrease 


Ba TABLES 1 AND 2 


od GRAPHS OF} (6) GRAPHS OF EQUATION | 


the increase of vertical pressure. data are available, however 
produce for this job a representative graph or equation expressing the relation 
between the coefficient of friction and the vertical load. Any such relation J 
obtained from two or three tests would | be practically of ‘no value. Wa ba 


Jacos Fexp,! M. Am. Soc, C. E, (by letter) —A complete and unbiased 


description of field and laboratory tests, carefully planned and executed, _ 
given in this paper. _ The value of the large-scale field tests is without question; i 
the author’s admitted lack of success in making the laboratory test results agree 
With the field test results should be considered a marked contribution to the | 


— 
Although the two sets of tests may be unlike i — 
io 
| | | 
| 
4 
“al 
ations. No more valuable warning can be cited Of the dangers 


We 
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ON TESTS OF A 
tests are tempered by actual with similar founda 
tion materials or superseded by large-scale field tests. 
i As Mr. Niederhoff explains, the shale seemed to follow the laws of elasticity #1 
up to certain unit loadings, but with definite plastic flow characteristics, = a 
A possible explanation ¢ can be given of the inconsistencies of the settlement by 
_ in Fig. 8 if a limit is ‘set to the distance beyond the loaded areas through 
‘Which resistance to settlement is built up by the internal strain in the shale, 
a Assuming that the load-carrying area below the loaded surface remains Square = i 
(for simplicity of explanation) and that the characteristics of the shale were the ‘e 
same in each of the three loaded plate tests, — — areas in each test atthe — 


TABLE 3.—AVERAGE Loaps Pun Unit AREA 


Avenue load, in tons 
Area, in square feet, atdepth d per equare foot 


12in. by 12in. 10 3 by3 ord \ 
24 in. by 24 in wins 4 ‘by 4 oF 


same depths are not stressed uniformly. Fora depth where the loaded areas ‘ens 
lg have increased in dimension by 1 ft on each side of the test plate, the average : 
- loads carried per unit area are as given in Table 3. These data are given only ny 
i... to indicate the qualitative effect; and a true value can be: obtained only by the 
om application of the Boussinesq formula if the proper Poisson ratio and parameter 1% 
are known. However, since the total settlement is the accumulation of strains, 4 
; ~ not only directly below the loaded plate but also in the body of the shale to such af: 
os depths as appreciable additions to the stress conditions in the shale result from a4 
_ the loading, the comparative data illustrate the result to be expected. In the 4% 
id 6-in. by 6-in. plate, the average stress in the shale decreased rapidly with depth; a4 
and the settlement 1 was ; small and reached a maximum in about 100 days. The oe 
a. permanent set is an indication of the amount of load transferred to adjacent i 
shale volumes and resisted by such compression, the material having been 7 
chan ged to a , denser, and better load-carrying shale. In the 12-in, by 12in, 
7 ve oy the average stress at that depth was two and three fourths times as great, is 
b the total settlement was correspondingly greater, and the adjacent shale, after Ee 
: 3 140 days, had not yet ta taken up the load by being compressed. In the in, ae 
ob by 24-in. plate, the same condition was also true to a larger degree. dtiw a 
An attempt to apply the results of a 6-in. by 6-in. test plate to the design re 


The description and results of the Sasieipeiie shear tests in shales are espe- : 

. is cially valuable as ¢ an addition to the compilation of data on foundation — 

R. Rounrrer,’ Jun. Am. Soc. C. E. (by letter).—The author is to 

be commended not only for presenting an interesting and valuable paper, but : 

_ also for his purpose in placing before the profession a complete re record of & S 

planned series of field tests. The results of only a few such tests 
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“have been published i in literature.. In the 
ES ties of different shales are quite different; therefore it is seldom that the results 


cs of any one test may be correctly applied to a case at hand. A compilation of % 


Tis paper sets f forth a very practicable field test for determining the r re- 


bility y of obtaining ‘fepresentative specimens large enough to be tested in the 
3 laboratory ; in such instances, the engineer must necessarily resort to field tests — 4 
order to investigate the resistance to sliding. At is significant that the 


- ‘author recommends field tests to supplement laboratory tests, in “any ‘ae 


a In many cases of dam construction, the contact surface between the founda- 
tion and the conerete is very irregular, and the problem of evaluating the re- 7 
sistance to sliding is reduced toa determination of the shearing strength of the = 4 
es foundation material. The sliding tests described by Mr. Niederhoff are well | 
suited to the investigation of sdieasion strength of a shale foundation. At Test 
Ble No. 8, where the underlying shale was described as “soft and inferior rr. 
to that which - ordinarily would be permitted under the dam,” ’ the failure a 
dently occurred within the shale, rather than at the contact surface; in this 4 
instance, the test results give a measure of the ultimate shearing strength of the 
“inferior” shale. In all cases where failure may occur within the shale it is ae 
cf believed advisable to remove lateral support by excavating a shallow trench ie 
‘ground the boundary of the shear area. For a large shear area, such as that 7 
beneath a monolith of a gravity type dam, lateral support around the boundary P, 
_ of the area may have only a negligible effect upon the total shearing resistance. Fé Ps 
For small areas, however, this effect 1 may be significant. 


i A series of tests conducted at the site of Watts Bar Dam on the Tennessee 
es. ‘River in Tennessee represents an example in which the test methods rar 
- paratus described by the author have been adopted in the testing of a different a ae 
“type of shale foundation. Due to distinct differences between the Watts Bar 
ia and Possum Kingdom. shales, the results of the two series of tests are not similar. 
The Watts Bar tests were conducted by the Tennessee . Valley Authority, i in 
on conjunction with the U.S. Army Engineers, for the p purpose of determining the 
ean strength of the shale in a direction parallel to the bedding planes. oe 
shale underlying the easterly portion of of Watts ‘Bar ‘Dami isa part of the 
Rome formation and is classified as a cemented, clay and silty shale. It is 
fairly compact and, in general, unweathered. The shale is characterized as 
“fissile’”’ and is comprised of very thin layers which are easily separated; the 
surfaces of these layers are smooth and glossy in appearance. _ The shale i is 
_ interbedded with thin layers of hard sandstone which vary from ti in. to 2in. Me 
i in thickness and which are normally from 1 in. to 24 in. apart. In general, the 
re _ shale has a dip angle of from 20° to 30°, but occasionally, in limited areas, the _ 
f st bedding planes are horizontal. The apparent weakness of the material against : 
Movement parallel to the bedding prompted these tests. fos 
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on the shale The contact were to 
bedding planes and were as nearly horizontal as the nature of the rock permitted. 4 z 
In contrast t to the Possum Kingdom tests, where it was assumed that failure te 


? would oceur by sliding of the concrete on the shale, the Watts Bar tests were F: 
TABLE 4.—Test Data, Watts Bar Dax, TENNESSEE 


iby 


= 


Preliminary period of sustained vertical toad] in minutes 
Increments of horizontal load, in pounds 
3 | Average rate of application of horizontal load, in pounds 
per minute 
Intensity of Load, in Tons per Square Foot, Parallel to 
Contact Surface: 
te At failure 
Estimated failure under sustained load. 
I Foo i 2.06 2 86 
ntensity of Loa in ons quare oot, vormal to 
ae 
First siding. 


_ Second sliding 


predicated upon the assumption that failure would occur within the shale at “aS 
short distance below the contact surface. Immediately prior to testing, the 
shale around each block was trenched out to a depth of about 2 in. below the 5 
_- projection of the contact surface. Trenches were located about 6 in. from the i 


= a edges of the blocks, and were carefully prepared by | hand tools to insure that no ee 


served to remove lateral support from around a , short prism: of shale, thereby 
Pre the conditions existing for a large contact area, for which lateral ss 
support around the of the area would very little, if addi- 


f 
The methods of the blocks and of measuring the deformations were 


‘_ similar to those described by Mr. Niederhoff. The general procedure con- 


" “sisted of bringing the vertical load up to a specified intensity, and then loading © 

_ the block with increments of horizontal load until failure occurred. -Deforma- 

be’ “tions were observed after each increment of horizontal load had been applied. A 
failure point was taken to be that point at which a constant horizontal load 
produced a continued movement of the test block. After failure, all loads were 
relieved; the vertical load was then brought up to a specified intensity, and the 


of the failure surface: At’all blocks, the failure surfaces were from 


in. to 2in. below, and essentially parallel to the contact surfaces; the shale was — 
. well bonded to # to the under side of the concrete test blocks. Similar failure sur-— 
faces were observed under Blocks Nos. 1,3, 4, and 5; at Block No. 2, the failure 


ant, 


“i Horizontal Jack Load, in Thousands of Pounds — 
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pow slong 8 a decidedly irregular surface; at Block No. 6, the failure surface a 


_ was more nearly plane than at any other block, due to the exceptionally smooth oT 


“ee Blocks Nos. i 2, 3, and 4, the ve vertical load was sustained for a short = 


except at Block No. 6. 

us cl of the rate of change of deformation * with re: respect to the horizontal jack load 
ee for Test Block No. 4; this curve suggests that progressive permanent yielding © 
we hearing o off of projections on the failure > surface) occurred only in the vicinity — 


a the failure bent.» Sometenation ef « curves similar to ‘Fig. 12 for other test 
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Pounds 


Itimate Horizonta 
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_ Horizontal Jack Load, in Thousands of 
& 


EFORMATION, 4 FORMATION WITH ESPECT TO 

* blocks led to the adoption | of a value of 83% of the ultimate horizontal load 
as the average point of “break” j in the « eformation curves; a sustained hori- es 
- sontal load of this amount might finally produce failure; therefore this reduced 


amount is a more conservative measure 0 of the strength of the material than an the 


— 
— 
the shear strength of the material; u 
: . structure, asimilar but 
Fig. 11 shows the average horizontal deformation plotted ag 3 
Be tank lnad fo pot Rin 
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ngth indicated by the tests. Items Nos. 4: to 11 of Table 4 
prs the essential data obtained from the tests; the “estimated failure under 
=% su stained lo ad’” (Items Nos. 5 and 9) is based upon a horizontal load equal to 
a, sn the interpretation of the test data, the internal friction theory as we 
| inated by Coulomb is used on the ground that it has been accepted by many Bi 
engineers and that it affords a means of interpreting the data in a systematic Se 


to movement is given by the expression: 4 


a which s is the total unit shearing strength, $1 is the shearing strength tinder 
7 i of shearing-strength increase 
(assumed to be constant), : 
% q is the intensity of load on the 
plane of shear. 
Two interpretations the 
data may be made. Interpre- 
of only those tests in which the 
character of shale (as revealed 
id inspection after testing) is 
regarded as typical, 
neglect of those not typical, 
or weak; this 
interpretation excludes results 
obtained at Blocks Nos. 2and 
For Interpretation B, the 
results from all six test blocks 
ESTIMATED FAILURE UNDER considered on the ground 
that prior to testing and sub- 
sequent examination of failure 
surfaces, it was believed 


4 


the character of shale at all 
blocks was similar, and that 
although the results 
might not be consistent, the 
tests would. be representative 
the shale i is appraised at a value intermediate between those of the ile 
interpretations. ‘Using the data for the observed failure loads, Equation n (5) 
may be written (in units of tons per square foot): oft 
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ig. 13(a) shows the position of the straight line defined by Equation (6), to- W eg 
- gether with the plotted points. The expression for the shearing strength based .s iy 


upon the “estimated failure under sustained load” datas: 


in 


is 


Fig. 130) the position of this straight lin line together with ‘the plotted 


points from which Equation (7) was determined. AS 


__ The sliding tests 1 made after failure of the test blocks : are the basis of the 
ea points plotted in . Fig. 13(c) . For the first four test blocks, ‘sliding tests were 
made for two different intensities of vertical load. Assuming that s, in Equa- 


be 7 (5) equals zero, a mean value of the coefficient of fr friction may be — 4 


or each block by constructing a a straight line through the o origin and through — i? 

the average of the points obtained from the sliding tests for that block. be: aa 
, 88 8 

by the slope of the straight line of Fig. 13(c 

_ The coefficient of friction so determined is probably too high; extension of _ 


straight lines of Figs. 13(c) and 13(a) will indicate that, ‘under higher normal 


Toads, the resistance to sliding is greater than the total shearing strength. 


we During the process of sliding, shearing off of projections on the failure oe 

continued; ‘thus the construction of the straight line of Fig. 13(c) through 

‘The successful application of the Possum Kingdom test, methods to the 


conditions e existing for the Ww atts Bar tests affords additional proof of the value _ 


Aveust E. Nreneruorr,’? Assoc. M. AM. Soc. C. E. (by letter). 
cannot but envy the delightfully simple routine of yesteryear’s foundation 
engineer - His only field test for suitable rock was to hit it with a hammer and > . 
i the hammer rang, the rock was considered acceptable. Since that time ae 
loads have become heavier and more complex as superstructures have become 
larger. Engineers began to worry a little bit and took small samples of rock a 
from the foundation to the laboratory where they could experiment on the — Oa 
“hand-picked” specimens. long as the rock was hard and durable these 
e. laboratory tests were reassuring. No qualms of fear were felt that this quick _ 52 : 
+4 analysis, wherein the specimen f sted all at once like the poetic “‘one-hoss shay,” . 


a foundation material is usually poor. There is also a dawning realization that _ 
~ there must be something to this fourth dimension concept sometimes called — 


J j “time-effect” or “fatigue of materials.” Also there is the growing suspicion — 


that all foundations are not perfectly elastic media able to withstand the aah 
ravages of exposure; so the engineer again turns to field tests. _ The conduct es BT 
Of these field tests and the interpretation placed upon the results by the writer i ; 
have elicited the views of several engineers. . At least two cases in widely 
; -—weparated parts of the United States are known in which the field testing pro- ty 
<a “cedure, as described in this paper, has subsequently been used in whole orin 


Civ. Engr., U. 8. Army Engrs., 
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NIEDERHOFF (ON TESTS OF A SHALE 
part, yielding excellent results.. The record is com by the and 
. ~ readable discussions of this paper that have added much to the store of knowl rate | 
edge on foundationse! oo! whos op lint 
Mr, Hatch contributes the observation that agreement between several 
results is reasonably good if they are properly evaluated. _ Using 
shear values derived from Equation (4) he finds the variation of consistency — 
tol be about 11 per cent. This i is certainly within acceptable | limits, but in the 
me paragraph he points out that laboratory shear values ‘parallel to the — 
_ bedding plane exceed those normal to the bedding plane. _ The expectation i is 


contention that laboratory tests should be taken with “ a grain of salt.” Too 
a they include numerous errors of sampling and duplication of natural 
is claimed that by Hatch has found that the coefficient 
of friction decreases with an increase in pressure. In Fig. 10 he has plotted 
_ chearing force against normal pressure, and the curved lines for both baer 
and field tests prove his point. ‘The: curv es, of course, do not pass through the 
origin because there was evidence of definite adhesion between the pl 
_ blocks and the shale. Another point that could be emphasized i in Fig. 10i is ed 
the ‘similarity of shape i in the curv es of the field and laboratory results, This , 


Ss unsuspected conformity between the two types of data is reassuring. — 


% _ From a practical point of view it is debatable whether determining the angle ke 
oI a of internal friction for a system composed of different materials such n as concrete 
and shale, or for shale alone, i is less important than knowing the actual shear . : 


‘is, 


value of the material. The writer believes both are important but that the — 7 
-— q answer in any particular case i is necessarily influenced by the local conditions — 
of contact between the concrete and the shale. For instance, a deep, narrow Se 
cut-off trench dug into the shale and filled with concrete to form a shear key 
F ¥. presents one problem, whereas the same foundation using a pattern of small cet 
: grooves cut into the shale to increase resistance to sliding is something quite 
A different. Apparently the relative importance of shear values versus internal 
friction values must be decided on the merits of a ‘particular case. In any a 
event, determining the ratio of horizontal to vertical loads furnishes designers oH 
with arecognizable value. It is the kind of thing that gives them a comfortable 
feeling if they are sure their assumption is on the safe side. alent rio} 
: For the foundation under consideration in the paper, the field data, andto 
ae a lesser extent the laboratory results, were enough to serve for the conclusions ae 
a at the end of the section headed “Sliding of Concrete Blocks on a Shale Founda- 
: tion.” Criticism as to basing opinions upon a few tests can only be ye answered 
=” the statement that even three field tests are preferable to having no results < 
whatever. Limitations of money, time, and opportunity still harass the ome 
tion engineer as well as other research professions. vouevas 
The writer is pleased to note that Mr. Feld is of the same opinion regarding — 


the dangers of extrapolating small laboratory tests to fit an entire foundation. ee 


_ The only time that this is excusable is when the failure values of small | uncon- oe 
_ fined specimens are many times the actual loads to be placed on the foundation. _ 


an should run run n through preliminary ca calculations t that iat tend 
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presence of overburden loads i in ‘the proximity of the largest test may also 
have t been responsible for erratic settlement. ll of the test plates were placed 
vit in the bottom of a trench but the distance from the e y edge of the largest plate S43 “a , 
the toe of the cut was a smaller proportion of plate diameter than was the me od " 
of of the other two test plates. If the tests were to be done again the writer would E> 
= "see that no other loads were closer to the edges of the tested area than four 
diameters of the test plate. Mr. Feld is quite correct in his statement that tests an 
and interpretations must be tempered by experience. | 
2 Iti is regrettable that discussion did not bring out actual measurements of ‘ 
settlement on Possum Kingdom Dam during construction. of this nature, 


J Rountree’ discussion i is clearly illustrated with results of tests 


that test blocks should not include the lateral support of shale because 
probability of erroneous interpretation of results is sound advice. 
| ‘The 1 fissile character of the foundation of of Watts Bar Dam appears to to m 

’ a more difficult problem than that faced by the writer. The Tenne 

Valley Authority has been known to adopt the best engineering methods in , 

_ solving difficult ilt design a and ¢ construction problems and their decision to use field es > 

tests. in this case illustrates the alertness of their « engineering personnel. ‘The a 

: writer was fortunate in having the opportunity of discussing these experiments he 

with their engineers at Knoxville, Tenn., prior to the actual Tunning of the tests. 
i was reached that by no other means could a more lucid picture  * 


be given of the results of biaxial loading of a laminated shale foundation. The — 
use of six test blocks and the several observations of various phases during and 3 


after the experiments guaranteed the maximum amount of information from 


*» Equation (5) is the | generalisation of Equation (3) of the paper; and, as 
r inted out in one of the other discussions, the relation between shear and 
normal pressure is not a straight line over the entire range. In Fig. 13(a), it is 
4 


- possible to draw a smooth curve through all points except 6, indicating a some-_ 
what smaller value of shearing strength under conditions of no load than that — 
obtained by Mr. Rountree’s analysis. This smooth but irregular curve does 


x not pass through the origin, confirming the fact that shear occurred in the shale — . 


and not principally along the contact plane of the concrete and shale. boreal Yas 
ey Acknowledgments.—Tests described in the paper were made as a part of the 
:. investigation and design of Possum Kingdom Dam by the U.S. Army Engineers. _ 
After the completion of investigation and detailed plans the dam was built — 
ander the direction of a State agency employing a firm of private engineers. by" 
i For the > Army Engineers, Captain H. A. Montgomery was District Engineer in 
charge, _ Acting Principal Engineer, W. Kuehnle, Assoc. M. Am. Soe. C. E., _ 
a exercised su supervision over the conduct « of the tests and offered valuable sug- — 
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NIEDERHOFF ON TESTS OF A SHALE FOUNDATION» 
a quetions ns and observations. The part of the paper under “Geology” wa was 8 pre 
pared from the report of Warren J. Mead,* Affiliate Am. Soc. C. E., | submitted — 
The writer is pleased to the excellent assistance of Logan 
WwW ‘oolley, Jun. Am. Soc. C. E., and Mr. Edwin Jensen in the compilation and 4 
cording of data. ia. The preparation of this paper and the interpretation of test _ 
results were among the duties of the writer. Messrs. Jensen and Floyd Johnson, ce 
formerly of the U. S. aatky Engineer Office at Mineral Wells, Tex., directed 
Tr “Geological Conditions at Possum Kingdom Dam Site,” by Warren J. Mead, dated May 14, 1936, 
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Discusston By Messrs. Hunter Rovss, Mason, 
Srevens, Borts A. BakuMeterr, W. Hussarp, Joun 8S. McNown, 


Suuuits, Paut Nemenyt, Bennie N. NETZER, AND A. A. KAuINsKE. a 


The basic principles of the statistical theory of fluid turbulence are eoutlined 
this paper. Only those ideas and conceptions of importance in hydraulics 


are presented; the complicated mathematical details 


the root mean square " om he of the fluctuating velocity components, 8 and a 
i: length parameter proportional to the most probable eddy size. The specific 
_— parameters used in characterizing the energy dissipation and the diffusion 


we of turbulence are derived, experimental and data 


4 ; importance are those involving the increase or decrease of “energy dissipation, — 
and the transportation of sedimentary ‘materials. The practical application 
of the theories of turbulence to some specific problems is indicated. — me 
- experimental data were obtained by injecting color streams and suspended — 
immiscible liquid Genpiets into turbulent water streams and by using motion- 


Since about 1930, both in Europe and in the United States, considerable 
Bivenare on fluid flow has been concerned with the fundamental aspects of the _ a 
mechanism of fluid turbulence. Tn aeronautics, wind-tunnel and atmospheric 
turbulence has been an important field of research since about 1925. ‘Some r 
_of the findings of the aeronautics engineers and physicists have been permeating — 
"gradually into the hydraulics literature. Certain fundamental investigations — 


—Published in October, 1939, Proceedingsa, 
Asst. Prof., Univ. of Towa, Ic Towa Inst. of t. of Hydraulic Research, Towa City, Towa. 
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son water turbulence have been conducted, and more and more are being started. aay § 
__- However, all this talk and writing about turbulence generally leaves the : 
practical hydrau ulic engineer quite uninterested. The practical. usefulness, 
either immediate or future, of knowledge relating to turbulence does not seem . 


ew is the purpose of this paper to correlate the knowledge of fluid turbulence _ a ¥ 
with the solution of some practical hydraulics problems, and to present the Wa “a ide 

information on fluid turbulence, already in existence, in a more simplified form, “2 Be 
2a Some experimental data obtained by the writer. and others will be presented, f y 
 — various experimental techniques for obtaining pertinent information on ¢ be 


tu 
+, Turbulence, as it is present in wind-tunnel air streams, has been studied for Z s4 
‘some time and has gradually attracted the attention of hydraulics engineers, f 
_ because there are many hydraulics problems which w ould be e better | understood 
4 if more were known of the mechanism of turbulence. 


_ When observing turbulence by injecting a dye or some other material into — 
water, of when observing smoke coming from a chimney, a most haphazard 
mixing process is seen, , seemingly unpredictable i in nature. Fundamentally, 
4 may be said that a fluid at any point is in a state of turbulence if the direction 


' 7. and magnitude of its velocity vector vary irregularly with time. This variation — aie in 
o. is relatively rapid and in general cannot be predicted except in the probability — 2 au 
sense. +Turbulence may be caused as a result of high shearing stresses set up _ i ar 
= in a fluid i in motion, by) obstructions i in the path of a fluid, by passing & fluid ~ a 
TAs through a a screen or honeycomb, or by some means such as mechanical stirring. ‘a of 


‘ Confusion has arisen in the minds of some regarding whether or not there is a . 
definite periodic relationship between a velocity component at a single point 
with respect to time. True turbulence is of an entirely random nature without 
~~? any’ kind of regular periodicity. A stream of discrete vortices which form en 
directly behind a body immersed in a moving fluid, such as the von Kérmén 


— 


 -vortex street, is not true turbulence; it is referred to as vortex motion, which 

breaks down eventually into trueturbulence, 
_—_ Turbulence manifests itself in the form of large and small eddies, whirling 

about from one layer of fluid to another. These eddies can transfer momentum, 
mass, heat, etc., from layer to layer, and can also cause the high dissipation of 


w 


energy that turbulent flow. It is apparent then that, to charac- 
terize various quantities regarding turbulence (such as, for instance, the size 
oof the eddies, the velocity at a point, or the frequency of velocity fluctuation), er t 
average quantities must be dealt with and the principles of statistics employ ed 
in determining and in using these quantities. Additional fundamental ideas 


‘regarding turbulence can be found i in the writings of H. L. Dryden, Hunter 
Rouse,? Assoc. _M. Am. Soc. C. E., ,and Boris A. Bakhmeteff,‘ M. Am. Soc. C. E. 


2** Measurements of Intensity and Scale of Wind- ‘Tunnel Turbulence,” by H. Dryden, Report No. 

581, National Advisory Comm. for Aeronautics, 1937. od i 

8**Modern Conceptions of the Mechanics a Fluid Turbulence,” by Hunter Rouse, 

Am. Soo. C. E., Vol. 102 (1937), p. 463. 


“Mechanics vad — "by Boris A Bakhmeteff, Princeton 
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THEORY OF 


PRINCIPLES OF THEORY OF TunpuLeNce ooh 
wale 


the outset let it be be noted: that a complete and mathematically rigorous 
theory of turbulence has not as yet been developed. je However, as far as the 
ae hydraulics engineer is concerned, such a theory, even if available, would be of “ 

iittle use. mathematical difficulties are so great that the development of 

- rigorous analysis has taxed some of the best mathematical minds. — The various 

ideas that have helped greatly i in understanding the mechanism of turbulence _ 
are those developed by L. Prandtl,® G. 1. . Taylor, and Theodor von K4rmén,’ 
ae Am. Soe. C. E. . The basic statistical peineigles they have set forth hev re 

been checked experimentally, and are of fundamental dia in an — 

— Jt is convenient to represent the varying velocity vector at any point in 

ae flow by means of the velocity components along three age 

xes. ‘The velocity the direction of mean flow, which i is taken along the 
-axis, at any instant is represented as 3(U + u), i in which U is the mean velocity * 
in that direction and u is the fluctuation in that direction. — Obviously, ‘the: 

arithmetic mean of uis zero. The velocity along the other two axes, y and z, 

is represented as (V + v) and (W + w), respectively. If the mean flow is _ 

in the z-direction, V and W are ‘ero. Since u, %, and w are quantities that 
vary” with time, it is useful to represent them by certain: statistical av verages. 
- Before this i is done, the statistical distribution of these quantities should be Z 
__ lavestigated. - That is, w hat is the form, for instance, of f(v) which is a function a 
such that f(vs) dv indicates the “probebility that the value of lies. between 
a v; + dv? Such a function, f(v), is called a statistical distribution function. — 

‘If the value « of v could be determined at any point | for a. su ufficiently long period 

“of time the general form of f(v) could be found. th sdt catestbat 

." The value of the velocity component v with respect to time is shown in 

‘Fig.l. These data were obtained in a turbulent water stream ata point near 
the center of a 12-in. by 12-in. open channel where the mean velocity was 7.8 
oe In. per sec (see heading “Experimental Technique”). A block diagram indi-— 
cating the frequency of occurrence of various values of » is shown i in Fig. 2. | 


in a= 725 for the data in 


‘This is the ordinary normal error law. Other investigators* have found the 


_ same type of distribution law, thus indicating the random nature of the novi 


$“Aerodynamie Theory,” by W. F. Durand, Vol. III, J. Springer, Berlin, 1935, p.162. 
"1885, p Theory of Turbulence, ‘ Tay lor, Pressadings, Royal Soe. of London, Vol. 151A, 
™ "Turbulence," by T. von Kiérmén, Royal Soc., Vol. 41, No. 324, 


“Investigation and Analysis of Velocity Variation in Turbulent Flow,” by L. F. G. Simmons and 
& Salter Proceedings, Royal Soc. of London, Vol. 145, 1934, p. 242. aug 
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average is that called the mean square, 


Ay 


= 


af 


Velocity, in Inches per Second 


if 4.0 
or standard deviation, deltaic as 


= 


& 


indicates the spread of the its square, such as is 


es _ Various types of turbulence can be designated depending on the rete 


magnitude and interrelationship of u, v, and w. _ The simplest type of turbu- 
lence, from the mathematical viewpoint, is that referred to as isotropic turbu- 


Tence. In n this type. of turbulence vy? = u = w?, and also quantities of the 
type uw uw, andyw are zero. These’ terms are referred to as mean products 
x in statistics. If quantities such as u0 are different from zero, & mean shearing ee 

q stress and a mean velocity gradient ex exist | ine the ‘fluid. In ordinary two- 


dimensional flow the mean shear is ‘Tepresente d a 

in which p = unit density. simple derivation of this i is given by Mesers. 
= and Bakhmeteff. e Isotropic turbulence, therefore, « cannot exist ier 
- boundary. It is only approached in the center of large conduits ‘andin 


artificially created turbulence, such as that beyond screens or grids. The + 


turbulence beyond a hydraulic j jump probably approaches isotropy. 


co of the correlation coefficient.. In order to characterize a turbulent condition 
sil more completely, in addition to the quantities uw, v, and wi, which characterize 


the intensity of the turbulence, a scale factor is necessary. . Two differe 


2. A Another fundamental concept that is useful in discussing turbulence is i 


ral 
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‘THEORY OF TURBULENCE 


“turbulent fi flows may have the same intensity, but the average size of the eddies " pf = 
may be ‘entirely different. order to identify the scale of the turbulence, 
Professor Taylor® has suggested that the 


ra! 
bo 


Equation (1) 


4 


= 


4 +0. 


= 


Fie. 2. —Frequencr Disrrrsution Curve For TRANSVERSE VeLociTy Fivucrvation basi 
u, be measured simultaneously at two different points, along either 
% the z-axis o the y-axis, over an appreciable period of time. Suppose v is , 
Measured simultaneously at two points a distance z apart. Let v; be the ve- — 
docity at one point and that at the other point at the same instant, and define 
&number R, such that, edi asob woH 


ty 


term R, is known in statistics as a correlation coefficient. Now, it the 
two points ar are close 80 that pel are within the average size eddy, and va will 

tend t ‘same sign, a an ind 


— 
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a 
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ax 
van 
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more apart, Rz will zero. Experiments verify this fact. 
; fessor Taylor then defined a quantity, which i is chepeotaniote of the scale of 


pore 


in wk z= = the distance when approaches : zero. Experimental values 

of Rz, as determined i in the center of a 12-in. by 12-in. water channel where _ 


the ‘mean velocity was 7 7. 8 i in, per sec, are shown i in Fig. 3. Investigations of fe 


wind- tunnel turbulence, and should be be useful i in identifying 


The kinetic energy per unit volume ¢ at a point in a turbulent fluid at any 
‘instant for the velocity component along the z-axis can be represented as 0.5 


average kinetic energy is then 0.5 — (ur + the arithmetic mean 


meres by the other two. velocity | ‘components is 0.5 pv? and 


«0.5 p . Therefore, the total energy due to turbulence ‘per unit: volume is, a 


Sy 7 _ heed not be taken into account in any energy equation. However, if the energy 


of turbulence varies from point to point, such as occurs in conduit apni 
_ beyond bends, through valves, etc., its omission, in any study of energy changes, fs 


ot is a form of degraded e energy and will eventually be transformed into heat, 


pated into heat | through the action of viscosity. . If there were no viscosity, 
el there would be practically no energy loss, and any turbulent energy created, ‘3 
ne such as in @ sudden expansion, would tend to persist indefinitely. . The high - 
ee internal shear stresses set. up by the turbulent eddies cause the large ee 


ie: Wel In pipe flow, for instance, potential energy is hadinn: dissipated — 
into the form of heat. For turbulent flow, : a simplified derivation for the: rate 


4 First, the concept of energy of ‘turbulence should be clearly understood. ” 


(U+ u)?. a (The term y represents: the weight of a unit ‘volume of water.) a 


~ value of u iszero. The term 0. 5 p U*is the kinetic energy of of the mean velocity. 3 4 


_ Li the turbulence is uniform in the direction of flow (that i is, if it does not s 
change, such as in a uniform pipe), the energy present due to the turbulence a 


results i in an error. _ An important item regarding turbulent energy is that it 


Of transference of the potential energy producing flow into energy of pelo 
is as follows: Let the mean tan gential shearin ng stress at a point in a circular ey 
- pipe be r. The mean difference in velocity between two layers of fluid is ee 


does turbulence cause | the e dissipation of energy? Alle energy is 
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(r AU Ax work per unit of time per unit volume fluid i is 


or, in the limit, —,in whieh — is the mean velocity 


mean, unit shearing stress, 7, ata & point distant y from the center of a pi 


ee which: hy = loss of pressure head in pipe length, b, and Y= unit fluid 


weight. This shear stress also be as, 


(7 


h: « = viscosity; p = unit density; and ¢ = mechanical viscosity due _ 


— to turbulence (may vary from point to point). “Except near the wall, in fully 

turbulent flow, the quantity u is very small i in to 

Thus i in flow: of the potential is first 

into” energy at a rate ‘represented | by T per unit volume 

energy is then changed into heat by ‘the action of viscosity The 


| 


‘Values of 2, Values of in Cycles per Second 


3.—Distance CorRRELATION or Tursutent Enercy AMONG 


FICIENT FOR TRANSVERSE D1rFERENT 


rate at which potential energy is into turbulent ‘energy is not 
ae necessarily. equal to the rate of energy dissipation into heat, at any one point. 
Za The turbulent energy can be diffused to other points by the action of the eddies, _ 
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The by which turbulent energy is is 
complicated, even in the simple case of isotropic turbulence, The rate of 
=a this energy ‘dissipation i is proportional to the viscosity times the mean square Ne 
the ve various turbulent velocity gradients—that i is, 


‘The partial derivative sign is used because the component 


i; v also v: varies with yandz. The general formula for turbulent energy dissipation ea: 
™ given and discussed by Professor Taylor.* For isotropic turbulence Pro- 
fessor Taylor has shown that the mean rate of dissipation of energy per unit a 
arious e relations exist between the different mean mean turbulent" ulent velocity 
in isotropic turbulence. instance | ) » an 


OKT 


of the correlation coefficient concept. Recalling the definition of R, from 


Equations (3), if the values | — D2)? are obtained for small values of z, then 


which = = (we is a character- 
istic of the turbulence as far as energy dissipation i is concerned. value of 


 ) for the data shown in Fig. 3 is 0. 56 in. | boas: value of is then f 32, 


_ In analyzing the velocity. fluctuation at a single point, the statistical 
distribution function was found to indicate the frequency of ‘occurrence 
various values of v, as shown in Figs. 1 and 2. It is of interest to make a 

a similar type of statistical analysis of the distribution of the energy of the — re 

turbulence, such as 0. 5 among the various frequencies. This will be 


in showing what is the average magnitude of the frequency of the velocity Bes 


e 


statistical Theory of Turbulence,” by G. I. ‘Taylor, Royal Soc. of her 151A, 
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4 
fluctuation. function f(n) i is to be that f(n) dn indicates 
gt most probable proportion of the total energy, as represented by 0.5 p 0, 


between the frequencies n and (n + dn). More exactly, f(n) dn does not 


ak 


e of frequencies. The inated of the of fin), from exper 


mental fluctuation data, has been i by the writer in a previous 


? 


n) dn, sit since dn = 1, A A plotting of f(n) against 


The value 


= 3. 25 and that of’ ) is 3.56. This determination of ( 


oy checks very sail with the calculation by thé correlation coefficient method an 
2 given by Equation (10). _ That the two methods are mathematically equivalent i 
be demonstrated. However, different data are used in each method 


pare. 


eddies ; are capable of ¢ causing the exchange of momentum, heat, 
‘3 matter, etc., from one layer of fluid to another. Near solid boundaries the 
: existence of a mean velocity gradient across a turbulent fluid indicates — 
momentum is being transferred from one layer of fluid to another. A temper- 
ature gradient indicates t the transfer of heat; and a suspended | material nin — 
in a turbulent stream indicates the transfer of 1 matter. — The characterization — 
of a turbulent flow as to its diffusing or exchange power is an important item | 


in any investigation of turbulence. . The process of ‘mixing it in at turbulent — 


stream is often referred to as as “eddy diffusion.’ ig 


® is ‘open to question, si since the motion of fluid m: masses is aan placer to that 

Of gas molecules. A common and convenient method of studying the diffusing 

Power of turbulence is to observe the spread of heat, matter, or color from - 

: point source of the heat, matter, or color injected i in the turbulent fluid stream. _ a 
Experiments were made by injecting a constant stream of | color through. a 
‘ie tube, and also by injecting colored. droplets of a mixture of carbon <1, ewes 
chloride and benzol, having the same specific gravity as water, and photo-— 
| eaphing the transverse spread of the color, or the droplets, with a motion- 


Picture camera. The important. quantity to determine from such experiments 


Eg % “Ap lication of Statistical yf of Turbulence to Hydraulic Problems,” by A. Kalinske and ra 
Van riest, Jun. Am. Soc. C. E., Proceedings, Fifth International Cong. of Mechanics, 
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4 ‘da typ cal motion- picture frames of the color and the. pain . Thet transverse a3 
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A 
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Fic. 5.—Sxetcnes or Typica, Morion-Picrure FRAMES, Suewme Cotor STREAM, 
travel at any datisitie x downstream i is called Y and its mean ‘square value - ee 
Professor Taylor has developed a theory relating and ‘His general 
— is that the statistical correlation between the velocity of a fluid mass 
a Z one instant and at another later instant is high when the time interval i is. ee 
, i small, and this.correlation approaches zero when the interval becomes large. 
a This theory shows that Y? varies as z* for small values of z, and gradually — 


7 


3. ‘coefiicient I betwee een velocity of a fluid mass at one instant and at an instant, ¢ rt: 


later = ove ;t = —; and U = the mean forward velocity. W hen R, is <e 


approaches zero, R, dt dt becomes a constant, hk, and Y?is 


— 


Fig. 6 shows | experimental pinged by the writer on the relation 0 
and As ina turbulent water stream near the center of a Adin, by 12-in 


y Movements,” by G. L. Taylor, Proceedings, London Math. Soe., Vel. 
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at larger values of x, the linear relationship of Y? and z Note also that the Pe 
initial slope of the determines the value of Vv according to Equa- 


a. 6.—Experimentat Data on Dirrusion TURBULENT WaTER STREAM | oy 
bs (Bars Over Squared Terms Indicate the Mean of the Squares and not the Square of the Mean) - 


A relationship between Y? and is not a very convenient 
bine of characterizing the diffusing power of turbulence. A diffusion « coeffi- ea 
ent would be the logical thing to determine. Using the ideas of molecular 


theory, such a coefficient would be defined as: ota} oe 


4 2 dx ax rats 


The tan of for the data in Fig. 6 is 0.059. The dit lb ie 

Dare are ik or a velocity times a leng th. _ The velocity is the root mean square i 
transverse ve velocity, and the length term is the length associated with 
__ Inixing processes. This length term is proportional to the size of the turbulent 4% 
eddies, and to Prandtl’s so-called “mixing length.” of} 

“bad should be added that the relative concentration : of the color ¢ or or droplets a 
es - transver erse to the turbulent stream varied according to the normal error curve; 
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n. 
= 


y typography; and = = ¥3, so that b = 


probability that | a would lie ree aY is 


knowledge of the diffusing power of turbulence. is most important in 
‘studies of suspended material transportation. The diffusion coefficient is 
proportional the  80- called coefficient eddy: viscosity, or 
The proportionality € D nuit d experimentally, f 

The | quantities which it is desirable to determine in 
characterize turbulence have been discussed. more detailed explanation of 
experimental ‘methods that have been used and are available for the ¢ 
: i determination of these various quantities will be outlined d_briefly.  ethas , 


tensity of the turbulence i is given by the e magnitudes o of V7, and Vu. 
«ili is practically impossible t to determine all three of these Guctuating compo- — 

nents at the same instant. In aeronautics and wind- tunnel studies the hot 
wire anemometer has become the standard instrument for measuring The 
a, cross components, , v= and ‘w?, can be be determined with a special | type of of hot-wire 
anemometer.' ‘The hot- -wire anemometer has not been used \ very successfully 


current that is necessary in high-velocity water, and various. other troubles. 
- Nevertheless, it has been used in water at lower velocities and undoubtedly — 3 


will find further use. 


Pa and », or u and w, in w ater, is by studying the motions of particles sus- ie 
a. pended in the flowing water. If illuminated, such particles make streaks on ff: 
---— motion-picture film, and from the length and direction of the streaks. two 
components of the velocity can be determined. Par ticles made from a mixture 
carbon tetrachloride and benzine, having a specific gravity equal to that of 
Is water, have been used. The particles are illuminated by a narrow plane e of Ar 
light, so that only those particles ir in the light are visible. 
‘ Another ‘method used by the w writer to obtain values of the cross velocity, — 
rh v, for very short intervals of time, involves a thin color stream injected into 
Bee the stream through a fine needle. ll motion picture was taken of this stream ee 
to the needle. The velocity for ve ery ‘short intervals of time is obtained 
ee by measuring the transverse travel Y for short distances, z, downstream: os 
Berm z is short enough so that the direction of the color stream is practically — af 


= foreign matter on the wire, the extreme magnification ¢ of the fluctuating ne 


which: b = = a 
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‘THEORY OF TURBULENCE 


_ ‘The value of is then —, in which tis F 


in Fig. 5 that good simultaneous _ 
values of wand v can be made by photographing, with a constant speed motion- 
picture camera, the travel of the il immiscible droplets | for a distance of about — mf 
Lin. from the point of injection. — A magnifying type of close-focusing lens is 
used on the camera so that a picture is obtained of an area of about 2 sq in. 


fe Following the movement of the particles from frame to frame on the film _ 
- permits the determination of of u and », and if sufficient data are obtained the __ 


a finding the initial s slope of the Y?-curve, as shown in n Fig. 6, and using Equation © 


(14). The energy ‘dissipative characteristics are determined by finding 
factor: proportional to the mean square of the turbulent velocity gradients 
such as \, which was defined by Equation (11), or the factor 7, as defined i in 
Equation (12 The term can be determined by measuring the correlation 

- coefficient R,, and the term ni is calculated by analyzing the velocity fluctuation — 
at a single point. In air flow R, is determined by use of two hot-wire ane-_ 

_ mometers placed a distance z apart. The writer was able to measure R, by 

injecting color at. two points, a distance z apart, simultaneously, and photo- 
graphing the two streams together. v8 sft bolnqines! ee 

4 _ The determination of the diffusion coefficient by diffusion experiments has ri, 
been discussed. Undoubtedly, this is the most direct means of finding the t: a 

diffusion characteristic of turbulence. | Evidence exists that the diffusion 


coefficient i is ‘related to the intensity of the turbulence as given by V v*, and 
‘the length factor X. term A is proportional to the size of the eddies, 


“and the greater it is, the greater is the diffusion for a given value of Vv Bins eh 


e useful. = Of course, such an fenaepe would have to es 7 
aed with data obtained by the photographic method in order to cage 
that it is following the velocity fluctuations accurately and is not introducing — hs 
turbulent effects of its -own. A forward step in the dev elopment of such a 

instrument has been made by C. W. Hubbard, who has developed a so-called 
angularity” indicator which "measures the mean angle of flow. ‘Thi is angle, 
a course, is proportional to the mean transverse velocity. 
The cup type | of current: meter is very sensitive to turbulence. However, 

"because of its inertia it does not follow all the \ velocity ‘fluctuations e exactly. 


does give some information regarding the magnitude of the velocity 
of Errors in Pitot Tubes,” by C. W. Hubbard, Transactions, A) 8. M. E., Vol, 


AS 


Another ‘method of determining is from diffusion experiments, 
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tions and the size of the eddies, if the of is 


by some automatic seven arrangement, for short intervals of time over an ni 


RELATION OF TURBULENCE RESEARCH TO HypRAULICS PROBLEMS 


= Energy Dissipation.—There are many problems in aeronautics, » Physics, 
chemical engineering, and mateorelagy in which knowledge of the turbulence 


ining some specific in hydraulic engineering which could be 


Considering the problem of.energy dissipation, there are various 


4) 


if 


individual problems which require a knowledge of the manner in which energy — 
is dissipated. There are some design problems in which it is desired to obtain — 
ws ‘the maximum energy dissipation possible, and some in which the energy dissi- 4 
Ina conduit of expanding cross section, ., the additional losses of energy 
ciated with such an expansion | are directly attributable to the creation of ra 
energy beyond that ordinarily present in uniform flow. ‘In such 
- expansion, whether gradual or sudden, there is first an increase in the coerey 
In order to ‘study the energy transformations « completely, the energy 
——trbulence as given by Equation (5) must be found, in addition to the ordinary 


energy, as computed from the average velocity distribution. Fig. 7 


shows some typical velocity data as obtained by the method of streak nition % 
pictures in a 3-in. circular pipe. — Fig. 8 shows similar data for a section of - 
-3-in. by 5-in. expansion. te The rate of flow in both cases was 0.0818 cu ft pers sec. 
_ In computing the turbulent energy the transverse velocity component, w’, was E 
assumed equal to v?; this is quite trt true for flow i ina circular conduit, except on 


to the wall. ‘The total mean energy ‘as obtained from the m mean 


q 


The v: value of Emin the: 3- -in. is 0. 255 lb, and Ez is 0. 00793 Ib. ‘ta this 
_ case Eyi is 3.1% of Em. 7 _ The value of Emi in ‘the expansion at the 3. 75 diameter i 
section is 0.157 ft- lb, and E; is 0.0135 ft-lb, or 8. 6% of Em Note the relatively 
higher value of the turbulent energy in the expanding portion. Data such as 


va that given in Fig. 8 enable the accurate study of the ) energy changes taking 


Although turbulent energy can be created very quickly, for instance, in = 3 
s sudden expansion, the dissipation of that energy does not occur immediately. — 


‘The. expression “shock loss” is used many times to describe the rey loss at 
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Fig. 8.—Vetocrry Data FoR A SECTION IN A Grapvat 3-In. sy 5-In. Expanpine Conpuir 
(Bars Bars Over Squared Terms Indicate the Mean of the Squares and Not the Square of the Mean) 
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a sudden a ‘This is a misnomer and gives a wrong impression as 
how the energy - really occurs. The sudden change in velocity causes ex- =F 


es ‘it is ‘desired to dissipate cot considerable energy, such as below lay 5 
hailing or to reduce the mean velocity of flow in steep chutes or ‘conduits, 
cee. _ much can be learned in regard to such problems from the or of the turbu-_ 
mechanism. ‘The rate at which p otential ‘per. er unit length of 


= 


has ae foot of conduit ; Q= = total weight of water flow- _ 


= unit shear stress at y distance from the center; and 


= piper radius. f For fully ‘developed turbulent flow the shear ‘Stress i is equal to ; 


x eis s proportional to diffusion coefficient, specificall 


to the Vel, which 1 is: the intensity ‘of the 

7, velocity, : and i isa length factor determined by the size of the eddies. ' o> 
fore, the rate of potential energy transformation can be “increased, 
constant, by increasing ¢, which can be done by introdpeing large-scale 
Toughness 80 as to produce large, intense eddies. 
For a given intensity of turbulence the smaller the eddies the higher the 
be ick rate of energy dissipation will be, as is seen from Equation (11). _ The term a 

will be. smaller when the eddies are smaller, and therefore the average 1 rate of 

ee energy dissipation will be greater. Thus, it appears that once the. poten- 
“9 tial energy or mean kinetic energy of ‘hew' is in the form of turbulent energy, “He 3 
= ; _ dissipation of this turbulent energy can be hastened by the the breaking down of a 
2 the large eddies into smaller ones. - This | principle can readily be taken ad- 


vantage of in the destruction of kinetic energy below dams and spillways. 
a Thus, in _ converting potential energy into turbulent energy, such as for flow _ 
oy in a pipe or channel, the mean velocity can be reduced by the creation of intense 
large-se scale eddies. cineti f -vel 
a a a dam, ‘it is 5 desirable to produce intense, small-scale eddies. ei 
+ Thy The ‘relation of the distribution 2 of suspended material to the e 
characteristics of turbulence has been quite 1 well established. For equi 
librium conditions the general is: 


q in y= 
_ “*Review of Theory of Turbulent Flow and Sediment Transportation,” by M. P. O’ 
Soc. C. E., Transactions, Am. Geophysical Union, 1933, p. 487. 
__ 16**Experiments on the Mechanics of Sediment Sus 
International Cong. of Applied — 1938. 
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particles in ‘still water; and N= mean sediment concentration at 
- point above the stream bed. The left side of Equation (22) indicates the net a | 


transport of material upward by the turbulence, and the right side is the qe 
settles due to gravity. ‘Under equilibrium conditions they a are 


AN). ‘Iti is quite apparent that when a 


the concentration of sediment in rine! increases from top to bottom of a 


: The mean value of v N is then v v AN, the of 


“ee or size of the eddies. hitroducing a length factor, J, 
ising the diffusing scale of the turbulence: AN =1-— ; and — (22) Ae 
term l, which may bee 8, is to the diffesion 
defined i in Equation (16). Whether Bis identical to the momentum nexchange 
coefficient, €, occurring in the shear formula, ‘must be investigated | experimen- 


tally. To date they have been assumed equal, and preliminary investigations 


tion between the unknown sodimneint concentration, N, at: any point y y above the = 


stream bed, and a known No at a point a the 


pee Thise expression for silt distribution has been checked both in . artificially created 

: turbulence and also in natural streams. The term 8 varies vertically in a 


natural stream, tending to increase away from the bottom, reach a om hac 
a about the mid- depth, and then decrease as the 


4 the predication of the actual concentration at some point (for instance, +i 4 
above the bottom), knowing tl the composition of the bottom, the various 


Another important problem regarding turbulence and material 


: -draulic factors, ‘such as mean velocity and depth of flow, and the intensity and Ly: 
power of the turbulence. ‘Such a relation i is necessary if the 


amenta 


Inthe problems of silt sedimentation, the diffusion characteristics of aoe 
are also extremely important. To illustrate the of 


of at any instant is (0 N 
| 
® 
nechanism of the picking up of sediment from the stream botto 
The mechanism of the picking up ‘mental investigation However, such 
bulent eddies merits intensive experim ue if the intensity and the one 
turbule ill be of little value if the intensity | 
— 


Ps. 


diffusion can | be to the of silt, two general problems 


e point at pe settling starts, and at which 
point the silt distribution is known. The assumption will be made that the 
turbulence is of such | magnitude that 8 of the. silt that at reaches the bottom i . 


not picked up again. Referring to Fig. 9, if the at 


a point A, ft above the bottom is N; units per unit volume for a particular size 


a of silt, what will be the distribution of these N; units at some distance down- 
fs stream? If the particles were weightless in water they would be diffused ac- a 


-. cording to the laws of turbulent diffusion, and their distribution would be ac 
to the normal error curve as given in Equation (17) (with = = 
Fig. 9, the Point y=0 would be at the height the ‘coneen- 


+ 


sion: distance : as 3 measured froms the initial « elevation, hy. if the concentrations 


N, and AN, are per unit volume, dy can be taken as unity. - In words, then, 
ANGI is the area under the distribution curve between (h2 + 0. 5) and (he — — 0.5) 
times Ni, the concentration per unit volume at hi. The term Y? is a definite 

function of z (see heading “Diffusion Characteristics of Turbulence”). 


” Since the silt settles in still water at a velocity of c, it is apparent that the 


highest concentration (the point on the distribution curve where y = 0) will 


ail distance of ny below hy, or, in other words, the distribution cur curve will 
be shifted downward a a distance equal 4 For simplification the velocit 


vu used is the average velocity in the entire stream. — The concentration r 


Js ok 


)*; use = VY? = the root mean square diffu-- 
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nae - To obtain the total average age concentration per ‘unit volume a at oa 
values of AN: for all values of hi, from 0 to H, must besummed: > 


ee at any one point at section (2). Equation (27) gives the relation between 


the initial silt distribution and the distribution at another section downstream ze 
Problem 2.—The other part of the sedimentation problem i is that of finding ‘ 
how much silt settles in a distance * Of course, the difference between the aa 
; - total concentrations at two points x distance apart is what has | settled i in the ae 
time required for the water to flow a distance z. However, this i is roundabout 
process of finding the quantity that has settled i in the length 2; therefore an- Lean 


other method is used in finding this quantity. M. A. Velikanov” first pre- 


sented | the method o outlined herein. The probable ¢ quantity of silt that will 
oy in a distance z from all the ‘silt that passes a point hy i ina given time is 


given by the shaded part of the area under the distribution curve, as shown in 4 


which : total silt passing a area at ‘pels hi ina 
time; and 2 ae — hn. The total silt that will settle in a unit time, in the 


reach z, is then given by 1 od ihe wet 
Equation (29) can be especially if an approximate expression is 
"sufficient. The probability integral can be evaluated readily by reference to _ 


~ books on probability and statistics. aN However, for the present it is et 


sufficient to. present the basic ‘equations only. The next important step is to 


r conduct fundamental experiments in order to check these basic relations. ; 


ud In addition to the general problems of energy dissipation and suspended , 
; x material transportation, in which practical application i is made of ne . 


Telating to turbulence, a few others may be ‘stated, as follows: 
me) Many explanations hi have been proposed i in the past as ti to the rendets for 


the surface velocity in an ope open channel or stream being less than the maximum. _ ‘ 


u“Theory of Probability se to Analysis of Sedimentation of Silt in Turbulent Streams,” by 


1. A. Velikanov, entific Research Inst. of 1936, 
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The fundamental explanation is related to the mechanism, 
‘ig es specifically to the process of diffusion of fluid masses in the form of eddies _ 
ne which are formed at the channel boundaries and then diffuse into— the main 3 
= body of the stream. ad Boot wy wort $i is 
The relation between high surface-water velocity and the entrainment 
&: of air is dependent on the degree of t turbulence in the water, which in turn 
depends on the depth of flow and the channel roughness, a 
ay _ (3) A problem that has recently been studied in detail is s thate of the relation — 
“of the turbulence i in a conduit to the accuracy of the Allen salt- velocity method 
af 
of measuring discharge." ad In general, the conclusions seem to be that for a ws 
high « degree of turbulence (that j is, for relatively high velocity) the method is ge 
more; accurate than for slight turbulence. Errors may also result if the » measure- Pi 
ments are made in a reach of pipe in which the turbulence is changing, suchas 
_ beyond a bend, valve, pipe expansion, or r other turbulence producing device. eu 
for measuring mean velocity and static pressure ina turbu-- 
lent water stream are affected more or less by the fluctuating velocities. ae 
rent meters, especially those of the cup type, greatly over-register i in turbulent i‘ 
“ water. 1 The velocity head read by : a 4 pitot tube is greater than that due to a 
average velocity depending on the degree of turbulence. The static pressure — 
read by: a static-pressure tube placed in a turbulent fluid has a reading greater 4 
ay than the true static pressure by an amount p ‘proportional to the r mean squares 0 of ie 
the cross-velocity components. However, with intensities of turbulence ok 
_narily present in water conduits or channels, the error in the reading of a vel 
designed pitot tube or static-pressure tube should be less than 1%. 4 
_ (5) In conclusion, it should be mentioned that in aeronautics the n measure-— : 
ment of the intensity, and the scale of turbulence, is rapidly becoming a << . 


& 


q 


4 


ard laboratory procedure in all fundamental experimental work. In the near 


future, undoubtedly, such measurements will be made part of many hydraulic 


inv vestigations. For example, if ‘model studies are made of prob- 


Ra 4 lems involving energy dissipation or of problems dealing with suspended _ 
material transportation or bed-load movement, in order that such studies be be 
A - fundamentally sound, dynamic similarity must be maintained as far as intensity z. 

and seale of the turbulence are concerned. Turbulence should be thought of i i. f 
terms of definite parameters instead of just ‘as a qualitative term 


on Grateful iieeaiieaaan is given to E. R. Van Driest and to J. M. Robert- 
son, Juniors, Am. Soe. C. E., research assistants, for help in taking and analyzing - 
data. Fig. 18 in the closing discussion was plotted from data supplied ee 
Mr. Robertson in his thesis, “Diffusion Characteristics « of Turbulence in an : 
a Open Channel,” submitted to the University of Iowa in January, 1940, in 


2 partial fulfilment of the requirements for the degree of Master of Science. bh ¥ 


18“*Contribution al’ Etude de la Mesure des Débits d’Eau par la Méthode Allen,” by Mason, 
Assoc. M. Am. Soc. C. E., Doctorate Thesis, Univ. of Grenoble, 
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Hunter Rovssg,!* Assoc. M. Am. Soc. C. E. (by letter).—In 
the appearance of this latest interpretation of present-day theories of fluid 
~ turbulence, one cannot help being impressed by the rapidity with “ine 
modern engineer profits by advances made in related fields of science. It was 
5 aay decades before hydraulic engineers became fully aware of the value a - “Sa 

them of the fundamental contributions of Boussinesq and Reynolds, whereas — 
a engineers of today already have before them in a clear, concise form an berserd a 
_pretive summary of the many significant developments made within the last 
years. is particularly fitting that this paper has been written by Pro- 

fessor Kalinske, for he is the first of the hydraulic engineers to have applied a 
< statistical theories in the laboratory to problems primarily hydraulic 


Asis evident from even casual study, the re: readers for whom athe paper is 


adoption 
= further the science of hydraulics. (As if i in ustration of the value of these * 
_ methods to the research profession, the author, following the preparation ¢ a on 
the present: paper, collaborated in the application of the statistical 
to the analysis of the amount of material lifted from the bed of a sediment- _ 
bearing ‘stream”—with results Tikely to prove of great worth i in the ultimate 
solution of the suspended-load problem. ) However, writer feels that the 
eB practicing engineer may also find much of interest in this paper, particularly if 
he overcomes a natural tendency to let its mathematical aspects conceal the - a 


m\* 


nia past résumés of turbulence theories, it will be recalled that the subject 
_ matter was necessarily restricted to conditions of statistically steady, uniform ee 
- flow, such as that in circular pipes, the growth of turbulence in an ea 
Weindeny layer receiving only brief attention. The internal mechanism of the P 
turbulence was investigated qualitatively, but only y as a means of developing i ae 
general expressions for velocity distribution and boundary resistance. Al- — 
a though the resulting equations were sufficiently exact for practical use, the is 
7 ‘qualitative analysis of the turbulence on which they were based was not ac- 
“curate enough to establish the absolute intensity of the turbulence at any arbi- _ 


; trary point in the flow. That knowledge of this nature has become essenti - 7 


to further progress is shown by the attention now being given to quantitative 
ig analysis of turbulence in such widely different fields as meteorology, ocean- a 
ography, and aeronautics—to which fields that of hydraulics is now added. 
the h ne ledge 
For the hydraulic engineer it is no longer sufficient merely to acknowledge | ‘ 
the presence of turbulence in uniform circular pipes. He must realize, as 5 es 
Professor Kalinske points out, that such terms as “shock loss” and “impact 


pa Prof. of Hydraulics, Univ. of Iowa; Cons. Engr., ann Inst. of Hydr. Research, Univ. of Sota, lowa 


| “The Relation of Suspended to Bed Material in Rivers ” by E. W. Lan . 
A. Kalinske, Geophysical Union, Part 1989, p. 637. 
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one extent. Such an is probably. instinctive to many 
_ hydraulic engineer, although on every side one encounters the results of basic — 
Bis misconceptions. For: instance, it has been suggested that one must devise oe | 
Pi new word to distinguish the large-scale “turbulence” in rivers from the small. 
“ scale turbulence in pipes—although the large-scale “turbulence” in question 
“4 really consisted of local eddies bearing the same relation to the actual turbulence — 
-_ of the river as the eddies at a change in pipe section bear to the normal turbu- __ 
iS ‘4 lence of pipe flow. As noted by the author, eddies produced by local diss | 
xs :. aie turbances are by no means synonymous with true turbulence. Such eddies, 
i - however, are a primary : source of turbulence, and the rate of subsequent energy 
ce dissipation is a matter of considerable importance. For example, many | 80- 
called “energy dissipators” could be made far more effective and less dangerous — 
‘ —* their downstream influence if designers realized not only that the formation — 
i of large-scale ¢ eddies effectively reduces the mean velocity of flow, but also that ie 
‘ e the presence of such eddies is sgmetimes as harmful as that of a high mean 
= as pointed c out by Professor Kalinske, the production of intense > small- 
seale” eddies (approaching the state | of isotropic turbulence) is an essential 
means of hastening energy dissipation. == 
: we Of primary significance, ev idently, i is the fact that | both the length scale and 2 
scale of turbulence govern the pr processes of diffusion and energy 


only. for uniform flow, and then roughly measurement 

velocity distribution and resistance. Professor Kalinske has outlined two 

methods whereby the length and velocity scales for both uniform and non- 
- uniform flew may be determined individually. He notes, however, that in s 
d _ method the evaluation of the results is extremely tedious. Several 4 

¥ hydraulic laboratories are already on n the search for a simpler, and hence more — 

oe practical, means of sevemplishing such measurement in water, but their goal 
‘- is by no means yet in sight. It is to be hoped ' that the the present paper v will also 23 
serve as a further incentive to this end. adit 
Martin A. Mason,# Assoc. Am. Soc. C. E. “(by letter). —In an 
effort to clarify the present status of fluid turbulence research with respect to “| 

_ hydraulics, it seems pertinent to discuss briefly several concepts included in — 

Professor Kalinske’s paper, which may be sources of misunderstanding for the 
practical hydraulicians to whom the paper is addressed. i 
Unfortunately, much confusion of thought exists on the fundamentally 
a ‘aan concept of the nature of turbulence. . Among those thoroughly — ee 
familiar with modern thought on the subject one finds turbulence as a generic “i 
n modified as isotropic, ‘non-isotropic or anisotropic, initial, fully-developed, 

ete., each of which designations indicates to the experienced reader char- 


Asst. Hyar. Engr. National Hydr. Laboratory, National Bureau of 
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diturbulent, ” as is the discharge ov over a dam spillway, the flow a sluice 
gate, or the flow behind a bridge pier. 10) 


ee Obviously, before t the hydraulic engineer can benefit greatly from the work 5 
of the investigators in the field of turbulence theory consistency of thought 
De must be established as to the nature of turbulence. In this connection, teed a 

Yi Dryden makes a pertinent comment when he writes, “Tt cannot be stated too 


| 


emphatically that the definition of turbulence is necessarily arbitrary and the _ 7. ; 


re most useful definition depends on the purpose of the study.” Thus, for the — 


purpose of studying the theory of turbulent flow it may be convenient to define b. a ms a 
come (as Professor Kalinske has done) as being of an entirely random — I 


_ nature without definite periodicity with time, since the mathematical treatment — 

is somewhat simpler: for this case. In the case of flow along a boundary, which 

_ is the type most commonly encountered by hydraulicians, a more suitable ~*~ 
definition of turbulence might be that it is motion : such that correlation exists 26 

between the fluctuating velocity components at any point in the flow. 
The translation of these statistical definitions into terms familiar to the tm 
average h hydraulic engineer is beyond the scope of this discussion and the Re 2 ; 


= writer can emphasize only the importance of the suggestion that the reader not — 
familiar with the outlined consult certain works of Messrs. 22, 


q 
q 


= a hydraulic engineering purposes, it is noted that the present statistical theory = 
_ of turbulence does not offer immediate possibility of application to most 
hydraulic problems, inasmuch as it is chiefly concerned with isotropic turbu- 
a lence. It must be admitted that, for the hydraulic engineer, at present, a 
statistical method of studying turbulence is only a useful tool which shows | 
. er promise of being valuable under certain circumstances because of the simpli- sg 
3 fications it permits. Actually, at the moment, it is of little value for the solu- Di 
- tion of practical hydraulic problems, and hydraulic engineers should not ex- 
~pect it to supplant so some of the older empirical methods of investigation. 
os this latter class one may cite the remarkable results achieved by L. Prandtl oe 
and his and by von ‘Kérmén. 408 ne sane: 


perhaps more than the determination of 


part, to anisotropic energy in the stilling but, 
4 s turbulent energy is substantially dissipated in the basin, scour of the — 


a 
-®“Turbulence and the Boundary L. Dryden, Journal the Aeronautical 6, 
Turbulence, Companion of Number,” y H. L. Journal tbe “Aeronautical 


— 

| geteristic phenomenon. To the practical man who is not familiar with the $§= (a 
mathematical treatment of turbulence, however, these terms are usually mean- 
. | ingless. For these readers turbulence is a general designation for any or all os — 
“if 
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ae j tion of the rate of dissipation of turbulent energy is rather eomplicated even for age 
<3 = the relatively simple case of isotropic turbulence, a condition seldom, if ever, : 
encountered i in practice. It would seem 1 certain, however, that (as indicated 
by the interpretation of the term \ as a measure of the diameters of the smallest 
_ eddies responsible for the dissipation of energy*) the smaller the size of the 

_ eddies the more rapid will be the dissipation of energy, and 1 consequently t the * 

smaller the required basin length. tal dt bled od +i 
suggested by Professor Kalinske in ‘Miscellaneous Problems” (No >. (5)), 

model studies involving energy dissigniion, sediment transportation, or | bed- 

— load movement require that dynamic similarity exist between the intensity. and 

scale of the turbulence in model and prototype. — A somewhat related considera- 

_ tion is found in wind tunnel studies where a similarity of turbulence in ‘ 

= is necessary to obtain comparable Feaults from, different wind tunnels, 


48 


4 2 


* * the turbulence characteristics of the wind tunnel need to be 

and taken into account in the interpretation of measurements. 
of * * We have to do essentially with a new independent variable whose oe 
effects are as important as those of Reynolds number and in many ways” 


similar to those of Reynolds number * * *,” 


With this latter thought in mind, one may derive from the Navier-Stokes: ome 
tions (which are applicable to turbulent flow since the velocity components _ 
used in the equations refer to instantaneous velocities) not only the usual — 
parameters (Reynolds, Froude) governing the relation of model to prototype; 
bk also, a third parameter having a form similar to Froude’s number, which _ 
ume the viscous stresses in the two structures. The thought is suggested a: x. 
that this third parameter might be of the nature of a turbulence parameter, : 


whose function is to relate the turbulence in model and prototype. 

It should be remembered that similar Reynolds numbers for model and 7 “a 

prototype ¢ do not alone guarantee similar conditions of turbulence unless there * 

is complete geometric similarity. This may be shown as follows: The cause eof 2 ay 

_ the discrepancy in turbulence values in wind tunnels is the effect of the grids be 

Ps or vanes in the tunnel, the turbulence in the tunnel being a characteristic of of the © 4 ig 
grid or vane installation. corresponding source of discrepancy in 

_ models would be the stilling racks or basin at the water supply end of the model. — 


io" if such devices are not similar to those in the prototype, or do not a 
f et: conditions comparable to those in the prototype, there is no assurance ey 


7 ia and prototype would appear to be sufficiently real to justify the atte xt 
4 tion of model | experimenters it in those cases where the turbulence characteristics 
ad Regarding experimental techniques, the writer had the opportunity. to 
yi a a: develop a method of observation of a stream injected into flowing water which 
uses fluorescent produets illuminated by ultra-violet light.!* he method 
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"technique Professor Ka Its principal lies in the 


and viscosity effects. However, Charles Camichel and his 
have shown™ that aluminum particles approximately 0.1 mm 


A photographic: method which hes with in 

France for the study of the instantaneous distribution of velocities around a 
propeller would seem to offer great possibilities for the study of the turbulence Ps aie 
problem. ‘First suggested by Marey,” developed by numerous investigators, 
particularly M. Camichel,”* and in 1937 completely described by M. Chartier,?’ 
the method i is of particular interest because of its applicability | to the study of 
type of fluid motion in space by stereoscopic means. ai otf 


In brief, motion pictures are taken of the movement of entrained aluminum 
"parties, utilising stroboscopic light. comparison stereopticon of special 
or the motion 
“may be studied by ordinary projection 1 means. By the use of aderhee pictures FS =a a 
- combined with stroboscopic illumination the paths of the illuminated particles — ory 
over very short time intervals are obtained as a series of dashed streaks, from + a ; 
“which the particle velocities may be computed. The minimum interval of ; a 


“within about 1% ¢ error, the determination of position in space with 
198 


M. Am. ‘Soc. EB. (by letter) —Professor Kalinske 


has been continuing the research project “Conversion of Kinetic to Potential — 
Energy in Expanding Conduits” started by. Frederic T. Mavis, M. Am. Soc. 


permanent dans les cham! ” by | Charles Camichel, Revue Générale d’ Blec- 
Pp 
Mouvement des li 
‘ quides | étudié par la hronophotographie, by E. J. Marey, Comptes Rendus 

ae Académie des Sciences, May 9, 1893, Vol. CXVI. iad faxi ak 

2 “Notice sur les travaux de M. Camichel,”” November 15, 1929, p 

plane et stéréoscopique,” by Charles No. 0. 11 Publica 


avoiding the interference of parasitic light reflected from the impalpable 
sopatticles carried by the water, 
Inany photographic method employing foreign particles to reveal the n- 
tion of the water some uncertainty attaches to the assumption that the added — 
ae KS particles truly follow the exact motion of the water particles. This would be ae i 
«true especially when the added particles are of the nature of droplets of an ts ae 
aS | immiscible liquid, unless the droplets are exceedingly emall. Similarly, the ee i 
ashed If aiconol and Into & DOdY OF Water, FEProduce Exaculy 
the motions of the liquid particles they replace. It would be interesting to  $|§|§|§ 
gompare the magnitude of the droplets used by Professor Kalinske with the 
— 
— 
— 
f 
& 
3 
the use of a stereo-projector so arranged as to locate the particle streaks on aa 
— 
— 
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SARHMETERF ON THEORY OF TURBULENCE 
C. E., for 
The of to this has been well set forth in 
= paper. The author has brought the practical aspects of fluid turbulence — 
wie Lately hydraulic engineers have recognized that the energy gradient i in i } 


at bends as was long believed. . In the light of the author’s treatment re 
= explanation is : simple: The so-called losses are merely heat dissipation through 
i _ the viscous properties of water in turbulent motion that continue downstream 


‘contacts are a source of continuing 2 a balance having been reached 
between that and heat dissipation. Bends, expansions, and piers are sources 
of concentrated turbulence, and the heat t dissipation from them persists fora = 
vn =f long w way downstream, thus | giving x a more or less uniform gradient of energy 4 
author states (see paragraphs followitlg Equation (21)): “* * * the 
3 smaller the eddies the higher the rate of energy dissipation will be.” ” Perhaps 
this explains why the hydraulic jump is such a potent source of energy dissi- 
; pation, most of f the energy being | lost in a comparatively short reach, This 
- must be due to the violent internal eddies set up as a result of the sudden 
expansion, the visible, foamy, front roller being responsible for only a relatively, 
insignificant portion o of the total loss. incl 


& 


ee kinetic energy comnts be converted to potential energy without inherent losses, 
_As the author states (see heading: ‘Turbulence and Energy Considerations”), 
2 i turbulent en energy is a degraded form and is irrecoverable, thus being in broad _ 
; a ee conformity to the second law of thermodynamics. If, in Fig. 8, the cand 


were caused to flow in the opposite direction, it is likely that the @-curve and 
the would become even less prominent than they appear in the 
of Fig. 7. This feature may be worthy of further investigation. 
There i is need of means and a method of measuring velocities at any point . 
ina a flowing p prism without inserting something that itself causes turbulence. — =) 
Professor Kalinske has solved the problem very by the use of a motion 
= picture camera and droplets of an immiscible liquid of the same specific gravity f 
che as water. These can be injected into the prism far enough upstream so that ry 
a: the slight turbulence caused by the needle becomes negligible at the camera. ret, 
_ The tedious labor involved in analyzing the data thus gathered, however, mS 
_ is a serious handicap to the method. Perhaps simpler, yet just as effective, — 


Boris A. BAKHMETEFF M. A Am. Soc. letter).— —There scarcely 

es can be a subject of greater importance ‘to the hy draulic engineer than the 

of turbulence. Its outward apparent aspects have been known 
for years. Systematic d detailed studies, however, and particularly quantitative 
ss appraisal of the inner ‘mechanism, are a matter of recent development. So far, a 
ss most of the investigations were connected with the aeronautical field. Mr. — 


ib 
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Civil Engineering, March, 1938, p. 195. 


% Prof., Civ. Eng., Columbia Univ., ow Yor 
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KHMETEFF ON THEORY OF ‘TURBULENCE 
is “breaking ground” i in the domain of hydraulics. No praise 
as In the study of turbulence, as in other domains of physical science, the 
first requirement is the acquisition Of facts—dependable records» of actual 


tionally. difficult. _ For air, the present-day needs are satisfied by the hot- ay 
wire anemometer, | particularly as perfected by the National Bureau of — 
‘Standards. F For liquids, the hot-wire method has not asserted its usefulness; od 


80 recourse must be taken to photographing molar movements, rendered visible _ 


pr that, or other, optical means. The outstanding achievement in the past is _ 
the work of A. Fage and H. C. H. Townend. _ Mr. Kalinske has come forward = 
ath new suggestions in this line. | The successful development and application 
of the new technique constitutes, in the view of the writer, the principal _ 
contribution of Mr. Kalinske’s paper. The experimental curves, as shown, 
eid justify the hope that the complex features, specifically characteristic of turbu- 4 
 Ience as it occurs in hydraulics, ‘May some day really become revealed and J 


For the moment 01 one may y only regret that Mr. Kalinske did not 


the that is an evil. 

rendered to the hydraulic profession, than if sonic inventor conceived _ 
ow device that would permit observing and registering turbulence in liquids | 
directly. The problem stands as a challenge, open to competitive imagination. 
rode _Mr. Kalinske purports | to recapitulate briefly the principal results attained | 


emphasized. Perhaps the author has ‘tried to” encompass too ‘much 
material into too narrow & space, because the nearly een brevity might be | 
found somewhat trying 
- considered as a pioneer attempt, and the engineer t ‘sk 
oe the first encounter with a subject which, in the course of years, is ettiin 
— to become a familiar every-day tool for whoever will be striving to penetrate Pe 


and understand the baffling mysteries of the behavicr of “water. 


So far, the most tangible contributions of the statistical approach are not in 
the realm of a general all embracing “theory. ” With all the brilliance in a ; 
recent advances, the “theory” has not reached the state of lucid certainty, 
sbcmom could make it a useful tool in the hands of the engineer. — 

treatment, on the other hand, has matured into certain well-established basic _ 
; definitions, which permit o one to appraise and characterize turbulent phenomena ~ a 
plausible numerical terms. The curves in Mr. Kalinske’s paper pertaining 
to such definitions would seem to: indicate the way through which these new ee. 
‘concepts cs can be best conveyed to. the “mind” of the profession. po No tool is 
ai, really available until it becomes physically tangible and until its dynamical ig 


essence can be e explained i in the simplest terms. The surest path i is to lay open 


physical facts and make clear their practical meaning and significance. is: 


the next step to be achieved by the interpreters of the theory. 
question of especial interest is the ‘spatial distribution of f turbulent 


intensity in a cross section. The matter bears on the 


3 


cig 
— 
— 
— 
- 
y 
— 
Wa 
— 
—- 
— 
— 
— 
— 
y — 
| — 
t 
— 
a 
4 
— 
y = 
— 
q 
— 


— we 


3 factual of phenomena is more than scarce and no opinions 


of too categorical a nature are warranted at this stage. Nevertheless it does 
seem that all observations heretofore concur,” that the axial iG 


_ continually i increases from the center toward the wall, at least to within the 
unstable | border zone next to the laminar sublayer. The Fage and Townend® — 


ultramicroscopic photos show the largest fluctuations as being in the “closest 


proximity (distance less than 0. 003 in.) to the wall. More recently such i 
conceptions have been substantiated by observations at the Massachusetts 
Institute of Technology." They stand, moreover, in close relation to the 
present-day. views on the pendulatory character of the motion in the laminar oe 


Zone, 80 admirably elucidated by Dryden. 

_ ‘The writer would like to learn from Mr. Kalinske whether the particular — 
a of the a-cury e, , shown i in Fig. 7 (which. reaches a maximum at about one 


+ half the distance and then declines) has been generally substantiated by Te 4 ee 
al peated observations or may be ascribed to some accidental reason. ‘The point ©, | 
is of vital interest in its ‘possible bearing on the gradually crystallizing oo Ff; 
ay ception, that the eddies, which make for turbulence, are principally generated — ' =f 
i in a special active zone growing out of the instability ¢ of the laminar sublayer. He et) a3 
Prandtl most aptly characterized this zone as a “vortex mill” (Wirbelfabrik), 
assuming that the central portions of the fluid, into which the eddies are oe a 
“cast off,” ‘play a a more or less passive role. 
foregoing remarks tend to show how ‘uncertain, as yet, is “current 


-- knowledge of the inner mechanism of turbulence. _ They do not detract i in any. ae 
from the value of Mr. Kalinske’ contribution. 


W. ‘Hopparp,’ Esa. (by letter). —Compliments are the author 


if in the hope that some of the unexplained phenomena of flowing water will 


-However, the in the conclusion of his paper that: “ The static 
pressure read by. a static-pressure tube placed i in a turbulent fluid has a reading — 

greater t than the true static pressure by an amount proportional to the mean 
squares of the cross-velocity components.” If this were true, the pitot a 
_ ferential would be less than the true velocity head and the coefficient of the eg 
pitot tube would be larger than unity. This is contrary to the experience of 
- practically all all investigators: who have made tests with ordinary types of pitot 3 


“Statistical Measurements of Turbulence i in the Flow of Air 7 T hrough Pi Pips,” by H.C. H. Townend, 
Proceedings, Royal Soc. of London, Vol. 145A, 1934, p. 180. al 


#“*An Examination of Turbulent Flow with an by. A. Fage and H. C. H. Townend, 


; # Discussion by J. C. Hunsaker of the Second Wright Brothers Lecture, Journal of the Aeronautical a 


Turbulence and the Boundary Layer,’’ by Hugh L. Dryden, loc. cit., Vol. 6, 1939, +P. 85. 
Proceedings, Fifth International Cong. for Applied Mechanics, 1938, p. 367. 

Prof., Hydr. Eng., Worcester Polytechnic Inst., Worcester, Mass. 
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7. |§ -_ mystery of the origin and spreading of turbulence. The writer is particularly 
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pressure tube should be less than 1%. In other reeds, the customary form of at 
cas pitot tube can be relied upon to read the true velocity within 1% in the turbu- © 
let flow normally found in pipes. 
Tests described by the writer" and by E. Shaw Cole,37 Jun. Am. Soe. Cg, 
a 1939, show that for the ordinary form of pitot tube the error caused by ore ae, 
i: —pulence may be as much as 5% and ordinarily is about 2%. In connection — by 
i, with these tests the intensity of turbulence or “‘mean angularity’”’ of flow —— 
measured i in pipes from 12 in. to 72 in. in diameter at es ranging from — a 
No measurable error in the reading of the impact orifice of a pitot tube bared ba 


accuracy of pressure head measuremente for pump and tarbine efficiency 
= ‘Mr. Cole?’ describes tests with various simple pitot tubes using carefully — 


¥ constructed wall piezometers made i in three 12-in. pipes having different flow 


The wall-piezometer e1 error with the: ratio oft mean to. conter 
me: known as the pipe factor. The error increased proportionately as the pipe ia : 
i factor decreased below unity, so that a coefficient of 0.968 was obtained in the 
roughest pipe having a pipe factor of 0.77. to abled 
‘The writer described similar tests with a smooth pitot-static tube at the ra 7 
center of the same three pipes in the closure to his paper. 38 The same pitot _ 
tube was tested at the center of each of the pipes s and the coefficients obtained _ 


were 0.992, 0. 980, and 0.956. These however, did not 


of are both measured successfully, some rational explanation of the 

= error of the pitot-static orifice will be forthcoming. — Near the wall of the. pipe a. 
o. A both the scale and intensity of turbulence are dependent on the condition of | a me 
4 the pipe surface, and any turbulence caused by an upstream disturbance would | . 
TR dissipated rapidly in the , small intense eddies. it would be expected, there- Ay 
i, fore, that an error of the wall piezometer caused by turbulence would vary with ane “a 
o the wall roughness and hence the pipe factor. On the other hand, the turbu- 

- lence at the center of the pipe is largely of the isotropic type e which does not — 
stress in the fluid. scale and of turbulence 


— 
4 
pe nent. However, turbulence did appear to cause an error in the reading is a 3 “4 
*& » pressure head by either a wall piezometer or by a static orifice on ce cS aa 
pitot-static tube. This error in the pressure reading, although 
error, it can only be inferred that the change in coefficient was caused byerrors 
— 
ay — 
— 
— 
— 
— 
— 
= 
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whieh exists may be dependent on upstream conditions, since the eddies are are 


Me} ON THEORY. OF TURBULENC 
_ 


orifice at the center of a pipe, by surbulenee, would not necessarily 
a consistent relation to the pipe factor or to the intensity of turbulence alone, re 


___ut may be dependent partly on the scale of turbulence as yet not meagured 


ee “ai a pipe « on 1 the pressure orifice of ¢ a , pitot-static tube i is to create a disturbance 


of the flow immediately upstream from it. A small ring was placed on woul 4 


smooth tip just ahead of the and the tests in the three 12-in. 
“A pipes repeated. The coefficients obtained were 0.897, 0.885, and 0.889 as com. 
pared with 0.992, 0.980, and 0. 956 with the smooth tip. The ring improved _ 
consistency cy considerably, although the coefficient was decreased. 
The test results described herein show that turbulence does appreciably ee 


) — the accuracy of pitot-tube measurements and causes the coefficient to be ee 


less than unity. However, the } pitot tube remains an accurate instrument for aC a4 
flow measurement when properly used by experienced engineers. Errors ae 

_ eaused by turbulence can be avoided by the use of a type of of tube that i is bi e 
slightly affected and by calibrating flow cc conditions similar to tho: 


S. McNown,*® Jon. AM. Soc. C. E. (by —Professor Kalinske 


- measurements. _ With so many phases of hydraulics depending on turbulence, 
ec oe need for study and laboratory research on turbulence in hydraulics has 
: ~ become more and more pressing. This paper gives the fundamental principles, _ 
b: points « out the fields of application, and describes the laboratory approach in . 


~ detail. In addition, an important function fulfilled by this paper is the 


The photographic is an im yrovement over 
other existing methods for measuring instantaneous velocities in water. ‘Any 

A type of apparatus that must be placed in the water is indeed of doubtful ot 

"3 accuracy until proved otherwise. One apparent difficulty with the photo- 


a graphic measurements, in n addition to that of analyzing the pictures, i is indicated Ee 
by the angular character of the curve in Fig. 1 which gives the relationship _ 


{ 


Ks 


os 


— 
> 


between time and instantaneous velocity fluctuations. An increase in the a 


nun number of pictures taken per second should smooth out the curve, but would 
increase the difficulty in analyzing the individual frames. = 
ate Several questions arise from the discussion of the quantity A, ‘defined, & 
following Equation (11), by the formula 


Limit 


z—>0 


its use in 1 the of the energy loss resulting from turbulence. 
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 pridging of the gap between laboratory data and the mathematical theories of 
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~The ihe: sessile not give the conditions under which the data used for this b= 
_gnalysis were obtained or the degree to which the isotropy assumed in the © 
development was attained. Furthermore, the method of determining the 3 
: numerical value of \ is not fully understood by the writer. vel knowledge of the ae 3 4 ; 
functional relationship between z and R, would be necessary to determine the hy = a 3 
of the limit given in Equation (30) as the definition of Ina treatment 
_ of the same topic in a report by the Fluid Motion Panel of the neuen 


Research of the value of the quantity is used 


uses it to compute 


— 


- the ‘gre the curve, as 3 proposed by G. I. Taylor,” 1 would make the reverse _ 
ks, 


computation possible. of such depends 
The several lengths defined as helpful concepts i in study of 
- flow must be interrelated to some extent. The concept of the correlation of — 3 
instantaneous velocities at two points in a stream appears to be closely 1 related es 
to one of of Prandtl’s two definitions of a mixing length—namely, the diameter of ms 
fore mass of fluid moving as a whole. A comparison ¢ of Prandtl’ emising 
length, the length A, the length sepeeentid by the z-intercept of the curve in 
Fig. (2 = 4. 6 in., or the length criterion defined 


as 


- intercept of this curve would be the least distance at which no correlation i = 
“Among the e hydraulic affected by turbulence i is that of bed-load 

a movement. — One troublesome feature of bed-load studies is the lack of unity a 

y. interpreting the meaning of “beginning movement,” and the application of this 

om concept to other stages. Usually experimenters refer their results to this stage 

_ a basis for computation in using such quantities as excess bottom velocity and — 

effective tractive force . Conceivably part of the difficulty in reaching a b 

_ common interpretation of this reference stage and the resulting relationships — 

is caused by failing to consider the variable of degree of turbulence. A a : 

3 degree of turbulence would eause an initial movement at comparatively low ee: 

- Values of tractive force as the local velocities are of greater magnitude than f or a 
turbulent streams. Furthermore, this difference becomes less with 
pay velocity : as the intermediate local velocities become more important. 


Thus, the effect of turbulence should be investigated in standardizing ae 
‘a ‘results of comparable research problems. A difficulty in such an analysis is 


7 ___ “Modern Developments in Fluid Dynamics,” by the Fluid Motion Panel of the Aeronautical Re- 
search Committee and edited by 8. Goldstein, pp. 223-225. In 

| | “Statistical Theory of Turbulence,” by G. I. Taylor, Proceedings, Royal Soc. of London, Vol. 1s1A, “a 

“Hydrodynamics,” by H. L. F. G. and H. Bulletin, National Ree 
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probable absence of isotropy i in the turbulence near the boundary where i its 
effect i is most important in this problem. = = 
an beter use of the letter Q to represent weight of water flowing per unit of time 4 


Big is a departure from general hydraulic practice. Too much difficulty is en- 


countered through 1 unavoidable discrepancies in nomenclature without 
- parting from the more or less standard usages. The letter W has been used — uw 
<i While questioning these few minor details the writer wishes to concur whole- A 
co heartedly with the basic principles presented in this paper. Very important i in 
“utilizing this work is a clear understanding of the underlying assumptions and ~ 
— applied in the derivation of the theory. _ Much appreciation isdue 
author for sifting out these concepts | from the mathematical theory 


SAMUEL ‘Assoc. M. Soc. C. E. (by letter)—A_ need in 
present-day American hyd draulies i is sto convince the: 80- called practical hydraulic 
engineer that fluid mechanics is a tool of much f promise and not a scientist’s toy. 
‘aw It is gratifying that Professor Kalinske devotes himself 80 capably to this task 
that the e Society i: is “blazing the trail. 6 igh 
Signi ‘ficance of the Statistical Fundamentals.- —The frequency distribution 
, curve in Fig. 2 is found to conform to E uation (1), the Gauss-Laplace law of 4 

ae frequency o of errors, , while other investigators are said to have verified this dis- 4 

i x tribution law. — Is it not a well-established mathematical law of statistics that i 


at 


deviations the mean of any number of measurements will omy 


Isotropic is the 1 name given to a flow situation such that = 


— 


and uv = =0w w= =0. ‘The physical significance of this mathe- 


ae matical definition may be of interest. Consider the so-called “precision i in- 


dex,” h=- =. The larger it it is, the more do the deviations 


nce = the first. of ‘merely states that, 


each of of the three ee rectangular departs from: mean value 
= 


ee If u and v are always of the same sign, U+u aad v + ot have like oii = 
ss a? we and the mean of the products (uv) are always positive. A value of the 


a s instantaneous velocity along the z-axis greater than the mean will be found - 
a ba with an instantaneous velocity along the y-axis greater than the mean; the F 
a sf same applies to sub-average instantaneous velocities. A negative uv v indicates 

C4 the coexistence of a sub-average and a super- average velocity along thezandy 


ee Hydr. Engr., Flood Control Div., U. 8. Engr. Office, Louisville, Ky. = = 8 


“Handbook of k of Engineering edited by 0. W. Eshbach, John Wiley & Sons, Inc., 
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on OF TURBULENCE 
is, an trend of positive value of the algebrai 
gum of these products (u u v) stands for a like over-all trend of u and v whereas a bo 
bs negative quantity indicates an an opposite course. If the grouping o} of ua and 0 is z 
quite accidental so that there is no relation between them, the sign m of the 
oe uv will be negative and positive haphazardly and the mean product 
ofa large number of observations will be zero. — Consequently uv =Odenotes 
that there is no recognizable relation between u and », as the plus and ‘minus — 
a values of the products are collectively of equal weight . Therefore, the nature — 
. of u cannot be predicted from va y and vice versa, and their - relationship i is en- 
- tirely random, which is what one might envisage in the word “turbulence.” 
7 ‘Thus the second condition of isotropism is simply one mathematical statement — 
‘of the disorderedness or “mixed- up-edness”’ of turbulence. 


__The transformation of the statistical mean product into a non-dimensional 
criterion results in the correlation | coefficient, If always equals | 
oF R, = 1, whereas if »; 1 is ‘always the negative of Un R, = = 1; but R, =0 sig- 
nifies no apparent interdependence between and ve—their array (arrange- 


ment) i is entirely accidental. When v, and are observed at points very ry close 
together (within the average size eddy), a close relationship (or correlation) — 
should be expected, that R, ‘should be ne nearly unity as Professor Kalinske 
a states. The smaller z is, is, ‘the more alike v1 and V2 should be, a situation that is oS 
easily visualized. On the other hand, the farther apart the points are, the vs 


‘more r should be the mathematical condition of 


Taylor s characteristic scale of turbulence® (Equation (4)) follows easily: Vis the 
distance between two velocities when Re zero or the disconnected- 


locity: of a fluid mass at one instant and at later instant is high when 
the time interval i Lis small, and this cot correlation approaches zero when the in- “ae 
terval becomes large,” is an . easily accepted physical dictum. ‘ik The shorter the a 


time interval between two measurements at one point, the more related they 
SB ved be expected to be and therefore the closer Ry would be to unity. ‘ As the 


a interval increases the relation should become more haphazard, and R; ap- 


* proaches zero. Thus, the fundamentals of the statistical correlation method 


‘The Di. Fusion Coeficient—The coefficient of viscosity, B, has the dimensions 


age 
: of ora unit force times time. pi In] pure viscous flow the unit shearing stress Pia 


oF unit is Gven by = ; but in in turbulent flow, 
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 @ particles. By analogy this frictional force has been expressed a — 


which is an apparent 


then has the dimensions times a length, an area die 
F T? va 


Its proportionality to D, the diffusion coefficient of Equation 


(16), i is readily seen. Itis really atime: rate of change of area and therefore its 


_ Whither Fluid Mechanics?—From about the middle of the nineteenth Ps 


to the present t there may be e said, without rigid accuracy, to be hree 
ee phases i in the development of hydraulics and fluid mechanics. The first period 
_ was a very prolific stage of empiricism (Bazin and Darcy, for example) to which 
the practical hydraulic engineer is indebted : for much of what i As still the most 
Hydrodynamics (Boussinesq and Lamb, for 
—_ existed contemporaneously, but the hydraulician and the hydrodyna- 


latter as impractical and given to meking premises not related to the facts. 
This first phase is still a powerful and indispensable overlapping one, from whi 


modern fluid mechanics will derive much of its basic data. 


old and new experimental data, with particular emphasis on Reynolds’ aver 
ber and dimensional analysis. basic data were gathered 
The present is the beginning of the third phase. As far ai as fluid mechanics 
ds concerned, the other two periods had not been v very fertile of broad perc 
although productive of much data. The researchers suddenly realized that the 
_ experimental results must be regarded as arrays of fluid mechanics statistics i re 
_ there was to be order in the research process and in the interpretation an 
synthesis of the information into basic concepts. The recent statistical theory £ 
a & turbulence i is more accurately t the embryonic theories and fa acts of turbulence — Bis ; 
_ examined in the light of the laws of chance or statistics. . Itis ; not new theory— Ni 
a ‘ only the dawn of orderly research. * The shame ‘and i wonder i is that investigators — 


C3 were so late in their realization of this g gross inadequacy i in their methods. ag 


oe par of gratitude must be expressed to Professor Taylor fori impressing the facts x 


There is a great need for research of the kind Professor: Kalinske val os 
_ complished. - With the present m¢ meagerness and paucity of basic laboratory and — 
- field data, statistical methods will avail very little. The statistical theory of — s 
turbulence does not obviate | the ‘observation: and ‘measurement of turbulent 


phenomena. 
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alogies and imaginative concepts were used, with the results of aerodynamic 
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| 
the modern hydrologist does not seem to realize that hydrology isa 
collection of hydrologic facts requiring statistical analvsis, There is very § 
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“4 pertinent to. engineering will simulate 

many research workers to further inquiries. Eventually, it will also help prac- 

hydraulic engineers to obtain. a deeper insight into the fluid 

"phenomena with which they deal in their daily work. 

e _ Of the many problems with which the paper deals, the writer proposes ie 

mainly one: The question « of how a high rate of energy dissipation may 
attained under various given en conditions. The author appropriately 

fe tinguishes two main practical problems: (a) The disposition of energy = ; 

ts _ pators all along a conduit or a channel in order to convert potential energy int 

‘ turbulent energy, rather than into kinetic energy of the main Jengiedings 

_ flow—or, in other words, to prevent the developing of large velocities; and (6) _ 

ee: energy dissipation at the end of a chute to convert kinetic energy of the main 

. flow into the more dispersed form of turbulent energy and into heat—that i ‘is, . 3 


- For several years, the writer has been interested in problem (a), which i is 


ij 


“pipes of surge tanks, and is related alo to design. agree 

fe with the author’s opinion that quantitative turbulence research i in its present 
a stage can give suggestions or information relevant t to the solution of this prob- sy ou: 

lem. The author bases his of opinion ‘primarily: upon a formula for the rate per 
© unit length at which potential energy is converted into turbulent energy i in seat 
circular pipe. ‘Thef formula may be written in the e following form: 
Rat conversion varies as ) 


¢ He jeaneludes that in 1 order t to secure highly effective transformation of peti 


should be as large as Even apart the fact that, as 
# discussion will show, the reliability of the foregoing energy conversion formula 


on has v ery substantial limitations, the conclusion of the author i is not convincing : 


because in a turbulent flow » and — are modified as soon as 1 is ‘modified. All fat a. 


gtr quantities in the integral being inseparably related, it cannot be mS i. 7 
: decided without further study whether arrangements which produce large values _ - 
= of 1 would really tend to increase the rate of energy conversion. Indeed, there 7 “- 
_ ate good reasons for the assumption that the highest effectivity of energy dissi- © 
e pation can be obtained entirely without resorting to large turbulence eddies. : 
little exception statistical inquiries into turbulent flow have been 
concerned with cases in which the average flow (for a sufficiently long period) 4 


is steady, ‘straight, and uniform. - The foregoing formula seems to have these _ 
“a limitations. Obviously no rough conduit or channel can strictly satisfy these 
Conditions ; and as the size and efficiency of the “roughness” increases, local 
ot iations of a av erage flow from the s straight line will also increase in importance. 
‘This is one reason for the ame of prosent-S9y; turbulence statistics in a 
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Paut NeMENyI, Esq. (by letter).—The pioneer work done by Professor 
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producing a treatment of energy dissipators. But even ite turbu- 


; dissipation studies will always hoor to go beyond turbulence pare ead goback 
to the more general concept of vorticity, supplemented by such concepts as 
- boundary layers and discontinuity surfaces. The following remarks on the 
_ different possibilities of energy dissipation in long conduits will trace (aided by 

‘these concepts) the transformation of potential energy into the kinetic energy 

of the turbulence eddies, thus indicating the conditions under which this wat 


energy can be generated at a high rate. ate 
The first result of such a study is that, the shape of the “ ‘roughness” ee 
Ken x stacles being given or chosen, the spacing must be recognized as a factor of equal 


; mG consequence along with the size (height), which many times even today is be- ae 


__— jieved to be the all-important factor. Figs. 10 and 11 illustrate this fact in its ” 


va 


é ‘Simplest anc and most marked instance. ‘Fig. — shows t that obstacles, placed 


™ 


wad 


4 4% Ie 


— closely ‘together that otily' very narrow slits remain between them, fail to 
disturb the boundary layer to any noticeable extent. In such slits the fluid i hy 
” very nearly at rest, the pressure being the same as in the undisturbed boundary Ss 


fluence upon the main flow. , (Obviously, the known use of piezometric holes is 
based on this fact and i in “certain experiments vara holes have been ac- 


layer. _ The “obstacles” have scarcely any measurable energy dissipating = 


- iebbetil consecutive obs obstacles i is approximately the same as 8 the h height of ob- | 
- stacles. . The slowly moving material i in the boundary layer c cannot bridge the 


inner stream transfers some of its momentum to the neighboring fluidin the gap, _ 
or “bay. This in turn, , by continuity, , causes a backward stream near the * 
- bottom of the “‘bay.” Thus a vortex, as indicated in Fig. 10(b), is generated. zi 
However, if, as assumed, the “‘bay”’ has a square or nearly square cross section, 
the vortex is locally fixed (trapped) and stable. _ As a res ult, it does : not emit 
‘ “ vorticity of any considerable amount into the inner stream and remains a poor 


energy dissipator although the height of the obstacle relative to the total width» 


of the conduit may be very considerable. ’ Only if the Reynolds 1 nu umber com- 


of H. "Schlichting indicate, 


*‘Experimentelle zu dem Rauhigkeits-problem,” by H. Schlichting, — 


a 


o 


oo. 


5 
— 
— 
: = 
il 
— 
— 
ed from the size of obstacle an e velocity of the main flow 1s extremely 
—— é, a a. _ high may such a vortex of square cross section become unstable and thus become na 4 
more efficient energy dissipator; but no direct experimental evidence is avail- 
longer “bays” the situation is substantially different 
— 
— 
— 
— 


- examine the c case of the s stream field in which there is only a single obstacle on 
smooth boundary. The writer has studied the stream fields 
e) oe various shapes of individual obstacles.” Figs. 11 (a) and 11 (8) show the 
results f for obstacles extending across the entire breadth of the channel, their 
. es cross sections being comparable to those under discussion. (In these figures, 


ed 


11.—Curves or Equat Heap Loss 


the arrows and corresponding numerals indicate velocities expressed as ai 
centages of the undisturbed velocity. ) It will be seen that the obstacle deflects im 
5 the stream considerably, g giving to it a ‘momentum toward the inner pa: partofthe 
os channel. _ Thus the region that is the seat of considerable energy dissipation re 
extends far ‘into the i inner part of the flow. _ ‘The lee of the obstacle, on closer 
investigation, showed velocity fluctuations approaching the same order 
_ magnitude as the local average velocities given in Figs 11 (a) and 11(8). The 5 
unsteady part of the vorticity corresponding to these fluctuations is carried far 
into the inner channel and is the main source of energy dissipation there. 
_ one now wishes to transform (at the highest possible rate) the potential energy — . 


all along the channel into such vorticity the use e of obstacles, 


., “A New Device for Direct Stream Field Studies ar and ~ ecu * by P. Nemenyi, Tague 
viden-skabelige No. $9, Copenhagen, 1935. 


— 
er, that the maximum energy he spacing of obstacles is app 
reached only when the spacing o — 
a 
— 
— 
— 
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— 
— 
— 
— 
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the 4 
windward side of each obstacle possible (Fig. 11(y)). “Without such a 


a velocity the momentum necessary for the development of the large leeward ms, 


+ 

“ye 


obstacles are all of the same size and question of optinen 
i spacing for attainment of energy dissipation is more complicated. However, — 
ie is obvious that as long as the the mechanism of flow, vortex formation, and energy — 
dissipation. remain the same as described herein, no substantial improvement 
beyond that attained for the foregoing patteular obstacle with its ie 
we. The Belgian hydraulic engineer, G. Denil, should be credited with showing, i 
~ through his fishpass designs of 1909, that certain oblique obstacles, closely 
_ spaced, can dissipate energy in a channel at a higher rate than perpendicular or or 
 baphasard roughness elements, , and with having gradually improved his system 2 
to a high degree of efficiency. ‘8 The principle implicit more or less in all Denil i : 
channels, and embodied with particular perfection in his more recent designs, 
_ is the following: Oblique obstacles must be shaped and arranged i in such a 
manner that, instead of deflecting the stream inward (away from the channel 
a sides) as the aforementioned obstacles of ordinary oRahoney: do, they cause the ¥ 
fluid to enter the “secondary channels” between them. These secondary 


channels, each formed by two consecutive obstacles . and by a part of the 
_ main channel surface, must be shaped in such a manner that they offer little — 
. resistance to the flow of fluid 1 through them as well as against its entrance into & 
@: " them. _ If these conditions are fulfilled, obviously strong secondary currents, 
a. only moderately turbulent, will reissue into the main flow. This re-entrance — 
2 is should occur abruptly—that is, at an angle of nearly 90°. . As will be seen, pee 


——- into turbulent dispersed energy for conc ‘conduits of this kind is 

Be eoeimecsn for the greatest part in the vicinity of the areas where the second- " 
ary currents re-entering st strike ‘the main flow. In order that the gaps a 
these areas may be as small as as possible, the obstecies should be as thin as 


ote, Since practically all of the ‘designs of G. Denil made for various special 


Wa % ‘purposes are too elaborate to be entirely. economical, the writer has endeavored — 
=a (first in a joint research with C. M. White,“ and later during his work at the 
lowa Institute of Hydraulic Research) to these gage of energy 
ency while 


48D Mecanique du poisson de riviére; qualités nautiques ge poisson; ses methodes locomotrices; ses 
- capacités; ses limites; resistances du fluide; effet de la vitesse; de la pente; resistance de seuil,” by 
Bruxelles, 1938; see also ‘‘Fish Movements and by P. Ne emenyi (a review of Denil’s 8 book), 
ature, September, 1939. 
_4***Report on Fishpass_ tid by P. Nemenyi and C. White, mimeograj hed (printed revert 
in Journal of the Institution of Civil Engineers is nay prepared) ; see also: ‘‘Stee hannels Fitted i 
Dissipators,” * by P: Nemenyi i, Transactions, A. 8. M. E., Vol. 60, — A-118 (Journal 
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Ing. 1s Tes Indi- 
finding by Schlichting concerning the optimum spacing. As his 
&§ = cM cate, the order of magnitude of optimum spacing remains roughly the same alle 
a | innteed of obstacles extending across the breadth of the channel, separate rough- 
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§ 
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‘NEMENY!I ON THEORY OF ‘TURBULENCE 
studies. (ity will be observed that the two latter designs (Figs. 12(b) and. 12(c)) 
e ¥ have almost exactly the same kind of baffles, but i in one case are adapted to the Bo. o. 
conditions of a circular pipe and in the other to an open channel with a trough- _ 
like cross section.) These simple designs with the of flow in 
is them well illustrate the foregoing principles of energy dissipation. 
i § = While testing these and similar fishpasses the writer found the following 
quantitative explanation for the high effectiveness of this type of energy dissi- ir 


_ 


be ai foamed 


pating device. Suppose the free width of one secondary channel, measured in _ 
ey the direction of the axis of the main channel, is by; the wall thickness of secon- a 

a dary channels (measured in the same manner) is b,.; then by + by is the spacing: a 

> of obstacles along the main channel _ Applying the momentum theorem to: a 


. 


; 


_NEMENYI ON THEORY OF TURBULENCE 


the inner (free cross section), let S be the slope « of main channel, “ 
‘4 Bes 4 the pressure loss pe unit length if a closed conduit is being studied. (More 
ad 


ee exactly: S = sin a, in which a is the angle of the channel axis with the hori- “i 


a 


zontal. The use of the approximation S = = tan. a is acceptable only for s slopes 


of 10° or flatter.) The force acting on the prism is then equal to (bo + b,) 
a _ This must be equal to: The momentum transferred to the prism by a re-entering a a 
Secondary current, r; minus the momentum transferred to the secondary 
current i issuing g from the prism, F.,;; plus the forces of turbulent fluid friction, 
ee oe (Obviously one and the same prism of the length by) — b, in the main channel in 
receives fluid from one, and sends fluid into another, ‘secondary channel; this tu 
_ makes no difference, however, provided that the regime of flow on the average 3 o (F 
% : 4 is uniform, as assumed herein.) These latter forces result from the relative — of 


bi longitudinal velocity components between the flow i in the main channel and the is | 


secondary current at its issue. (Fe. as , along its course | and at its r reissue 
(F;.,). (In well-designed conduits F;,, is usually either 0, as in Figs. 120) 
and "12@), oF ‘negative, as in Fig. 120) In formula—(by bw) foy8 
= Fay — Pai + + Pee + Fir = Fo + F—the subscript indicates the 
longitudinal forces corresponding to the normal, ‘Perpendicular momentum It 
EP Be transfer, whereas the subscript ¢ refers to turbulent friction forces. Although fgg 

the latter derived their existence from highly complicated phenomena of turbu- 


=A Bere which for the time being are not accessible to any mathematical treat- 


ne, 
5 


= ag = sin ¢ asf. UV. cu) 


in which g g= gravitational acceleration; Q., Ve, fe = rate of flow, average 
velocity, and normal cross section of the secondary channel; U = = average longi- — % 
tudinal velocity of the flow in the main (free) channel goetionti a, = angle of © 
entrance from the main channel into the secondary and a; of 


reissue of secondary current i into the main channel. 
unit length of the conduit, therefore: 


a = being the specific mass of the fluid. fe If there is more than one secondary Sap : ; 


ie channel in the same section of the conduit the first term must be , multiplied wee 
their number, n. (In Fig. -12(b), n n = 8; in Fig. 12(c), n = 2.) A 
me Theoretical considerations, as veal as experimental facts, indicate that the ae 
Se first term is much larger than the second, for a well-designed channel. The an 


standing of this: system of energy dissipation, particularly if it is s compared with | ag 


Fora rate explanation of this simple, fundamental relation, see ‘Mechanics of Turbulent Flow,” mes 
_ by Boris A. Bakhmeteff, Princeton Press, 1936, pp. 38-39. nal io nid) 
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the known for or of ordinary 
a For a prismatic fluid body in in the free cross section of the channel, with — 
be cross section fo, and of unit length, it is ; generally ac accepted that in ‘smooth or 
Ex channels as well as in rough channels of the usual types the following relation — ay 
generalized form of Equation (2)) is valid: te 


S = pP. 


— velocity; and v = velocity fluctuation perpendicular to the perimeter. 
a For each point of the wetted perimeter the average of wv for a long period ay 
of time must be computed ; the quantity in Equation (83) is the average of 


= averages over the entire wetted perimeter. 


In the light of the remarks at the beginning of this discussion, it is known a 
Equation (33) cannot possibly be strictly correct for rough channels, 
because of the deviation of the average velocity vectors from straight parallel _ 

lines. For very large roughnesses this deviation may be quite considerable. — a 
it can scarcely be doubted, however, that the formula remains correct in so far — 

as orders of magnitude a are concerned. (Otherwise the numerous applications: 
4 of this formula to rivers and other considerably rough conduits could not have nak 

Ied to favorable results.) Therefore, accepting the formula and comparing it 

a the formula of the highly effective energy dissipators discussed, one finds _ ‘cd 

that in the latter the product of the velocity fluctuations is replaced by that of Las — 

Bs actual average velocities. _ On the other hand the entire wetted perimeter Pwo of 7 = 


hr prism is replaced by the expression 


: corresponds only tos a moderate part of the wetted perimeter, in ac accordance with 
the fact that the generation of turbulence eddies in such energy dissipators is 
testricted to part of the perimeter.» ‘However, this is a factor of lesser order — 
+ magnitude than the replacement _ of a fluctuation- product-average b by a 
product of two average velocities. Thus, it is readily understood from the 
comparison of the two different recede of momentum transfer that even © 
the simplest of these energy dissipator designs (Fig. 12(a)) makes 
slopes, for a given limited average velocity, about 8 to 10 times larger than 
perpendicular obstacles of the same height with their optimum would 


Fa discussed can well be ‘compared. to] a shock or r impact, in contrast to ong 


the expression “shock loss” is quite unsuited. Therefore, where the 


4 One could be tempted to speak of a large-scale spn vorticity with h longi- Bae 


_ tudinal a axis; but it is doubtful whether this point of view would be coped 8 
“adequate or fruitful because the path of any individual particle i is composed of 
_ two quite different kinds of paths alternating with each other in the manner 
| ited schematically i in Fig. 14, It appears that no system of reference i in 


uniform translation movement can n be defined with ee to which Ge: move- a 


‘y in which: Py = “we wetted perimeter” of the prism; u = fluctuation of longi- e 


&n abruptly expanding conduit, for which—as the author rightly points 
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vorticity is not strictly applicable to the phenomenon as a whole. | Further. a 
. more, the high rate of energy dissipation could not be explained by the presence oa 
of a vorticity with longitudinal axis, since it is known from. other investigations er 
that vorticity of this kind does not dissipate energy of any amount worth © * 
‘mentioning. _ For example, it is known that the secondary currents, assumedly 
2. connected with turbulent flow in a straight, smooth conduit of non-circular — 3 
section, do not dissipate energy to any considerable extent. 

Much more helpful in the understanding of the highly ef efficient roughness - 
discussed herein is the concept of “discontinuity surfaces. ” To be sure, 


246) _ discontinuity of velocity distribution in 


ae 


strict sense of the word is -impos- 
sible in any steady phenomenon. Sup. 
tan nel meets a river at a certain angle, and 
that there is a sluice at the « channel's 
mouth. In instant when the sluice _ 
between the velocity distribution in the 
¢hannel and in the river, and in Fig. 1b 
line A B represents the surface of discontinuity. Quickly upon the generation — 
of eddies, however, and their migration into the main stream, a kind of unity — 
between the two velocity fields is established, no surface of discontinuity Go 
the strict sense of the word) being present; yet in a more or less narrow strip 
tentatively indicated in Fig. by shading— —the t transition between the 
velocity distribution of the channel and the river is particularly : steep. . Such e 


A 


= 


= 


- regions of steep transition between two distinct velocity distributions can be 


tinuity;, and it is in this sense that “discontinuity eurfaces” are discussed i in 


perpendicular to the plane of the drawing). Actu ally, any super- 


position of these cases can occur, but it is valuable to distinguish the distinct 


Where the secondary current “strikes ”” the main flow, obviously, case a 8 
is realized with very good approximation. fl) The foregoing momentum transfer 
_ studies explain 1 the superior “energy dissipating ability of this kind of discon- — 


tinuity. The writer has made a little experiment with the channel in Fig. 
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to that in by B. ; - Therefore, if this part of the baffles is covered by a longitudinal a = 


EUS term Pre ¢ is replaced by the known and extremely small friction of water upon 


Be expected to exist also between the energy conversions corresponding to these — 
cp various forces. There are indirect reasons for believing also that “diseon- 


Ee region of the obstacles ® steep transition is occurring which can be repre- og 
sented schematically by a , discontinuity surface of type and one can 


late 


(ON THEORY OF TURBULENCE. 


cn of each ptt current, its relation to the main current is very close 
strip of thin steel sheet as indicated by a broken line in Fig. 12(c), the friction | See 


8 smooth steel surface. ee The | comparison has : shown that this does not, to any q 
-eonsiderable extent, alter flow conditions in the main channel, thus indicating a +; 
the complete | lack of significance of the term FP, compared with the total 


force, or with which constitutes its main ‘part. Similar relations can be 


tinuity”” is a rather poor energy converter compared with a Indeed 
x one looks once more upon the ordinary roughness i in its optimum \ spacing 


Fig. 11(y)), one will find that between the inner flow and the flow within the 


conclude from the comparatively moderate efficiency of this type of roughness 


ie that this iis type of “discontinuity surface” is not highly effective as a — 

writer intends also to examine case a, a by a comparative study 
conduit design Fig. 1 12(b) with and without the four straight, longitudinal i 


walls. Obviously these prevent occurrence of ‘ “discontinuity” of the kind aa, 


ee, thus securing secondary currents of greater intensity at the reissue into the - ‘ 


main flow. These reissuing jets being of decisive importance for the energy 


a dissipation in the conduit as a whole, the amount of increase in the dissipation 


caused by the walls will give an indication o of ‘the importance of the = 
dissipating effect of a discontinuity of type a 1a. 
a appears on the whole that the concept of “discontinuity surfaces,” 


¥ although an artificial abstraction, is, along with the general concept of mo- ‘ 
_ mentum transfer, a fruitful aid in the ‘analysis and understanding of the varied — 


_ be As to problem (b), that of destroying the pee forward velocities present et a 
i ‘at the foot of an overfall dam or a chute, the writer fully agrees with Professor _ a _ 4 


 Kalinske’s remark that, for security against : scour or other destruction, trans-_ 
formation of forward flow into large-scale eddies or vortices is not sufficient 


Seely and that it must be discussed i in terms of general aiomnenteshs 


and “discontinuity” concepts. Although there are ‘Many valuable 


“noticed First, that problem (b) is one of essentially non-uniform 
flow; and, second, shooting flow must be dealt with. _ Every 
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| 
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| 
? e | foot of dams, it appears that no general investigation of the problem from this 2 
| fundamental point of view has been attempted thus far 
BG m= The difficulties of the problem are great and manifold. 1 compared with ers 


_‘Teservoir or rive r, the ‘aida in problem (a) i is elatively slow an and ¢ can be easily 


the writer: believes ‘that s some of the outlined 

in this discussion, concerning case (a), can well be utilized in case (b). it 

an excellent study by Schoklitsch* it is knowa that the phenomenon fly 

= i sii a “hydraulic roller” connected with the hydraulic jump should be considered _ ny in 
a as a backward flow of the sluggish water on top of the forward shooting flow, ey be 

4 with a “discontinuity surface” ‘between, rather than a single large vortex. 

al ie From the foregoing comparative discussion it is known, however, that this — a 

= particular kind of “discontinuity surface” is not one of very high energy dissi- 


= 
a 


‘pating efficiency, and this indicates that future studies may 


an 


by Erik Lindquist,# M. Am. Soe. C. 
be an energy dissipator that produces a similar effect. u 
om However, when considering the problem of destroying large forward 


a 


= velocities, it should be e kept i in mind that the task is not always best solved by . 4 


dissipating en energy at a particularly high rate—that i is, maximum 1 velocity” P 
_ destruction per unit length of structure. It may be more advisable, in many ‘e Be ; 
cases, to dissipate the energy at a somewhat more moderate rate, if it can be s ed Bo 

located conveniently. Therefore it is not impossible that the structures 
generating an ordinary “hy draulic roller’ ’ will be used also i in the future since —. ia 


conveniently solve problem (b) by placing the 
_ The writer believes that the most important field for the eivil engineering Ke 
"applications of f turbulence statistics lies i in the problem of sediment transports- 
- tion in canals and rivers. An entire series of Swiss investigations by aid of - 


I ‘a fluctuation-phenomena characteristic of turbulence. Nevertheless, it would Be: 
be a fallacy to conclude that the problem of propelling granular materials by ie 
fluids can be treated, asa whole, as problem of turbulence statistics, in the 
 gense that Professor Kalinske makes use of this method. Paradoxically, al- 

though the bed- load movement obviously derives its energy from, and shares oe 


rs & much of the properties of, the turbulence movement in the higher layers of the | ny Y 

“3 rivers, it also shows regular rhythms in many instances (such as shown not oy ae ane 

_ by sand waves, but also, for long periods, by the generation of serpentines). aay = 

paradox probably not find its ‘complete clarification before turbue 
lence will be understood in its relation to regular rhythmic vortex phe 

tions: on one hand, to momentum transfer by “grain: bombardment” on the 


*‘Uber die Energie-vernichtung durch Walzen,” by A. Schoklitsch, Die 
& **Energyomvandling ved footen af overfall dammar,” by Erik Lindquist, Stockholm. 7 


a 
J See “‘Untersuchangen in der Natur Gber Bettbildung, Geschiebe- und Mit 
teilung Nr. 33, Eidgendssisches Amt fir Wasserwirtschaft, Bern, 1939. wok 
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NETZER ON THEORY TURBULENCE 
and ter devine by Vaughan the Swedish ‘Schoo! of Geo- 


RA inva long series of pu ublications;” although the decisive im- _ 

“portance of this factor is limited to Holian phenomena [desert sand, etc.) 
—— itean scarcely be doubted that it must be included among t the factors governing a = 
fluvial sand propulsion too.) With ‘reference to the river problem the author’s 
2 inquiries into open channel turbulence must be considered a great step forward ‘ 

te a far-off but very worth-while goal. The methodic tr? of the problem 


aga whole has been analyzed by the writer in a recent ns 
Re pei Finally, a few words in regard to the problems of gathering guiness 
vou data for the statistical study of turbulence: This question consists really of on 
on two parts—(1) how to make fluid particles visible, and (2) how to record oe J 
¥ 2 ‘movement of particles made visible. To problem (1) the author has cone 
iy tributed a highly reliable technique. It should be stated that the ingenious : a 
method of A. Fage and H. C. H. Townend® does not require 
the addition of any strange . material, the very fine suspensions present in | 
5a drinking water being sufficient in many cases; for macroscopic visibility of air 
Be particles Mr. Townend® has suggested that it can be attained without strange | 
admixture, but by localized heating through electric flashes combined with the 
at “Schlieren technik”; the method is very interesting although it is rather 
4 unlikely to have any direct applicability for Rt 8 Aree 
z ae - The second half of the experimental problem consists of how to record the nas 
movement of particles made visible. _ The writer would like to call attention ¥ 
8 L. Prandtl’s suggestion® that a uniformly moving camera be used with — “a 
speeds of systematically v varied magnitudes. Mr. Prandtl showed how photo- a 
graphs taken with this method can lead to a very ‘convenient system of a 
 velocity-fluctuation statistics. The writer should like to add the suggestion 
that such photographic records can be used for measuring vortex sizes. ih ~The - va 
“camera moving at the speed corresponding to the average velocity of a certain 
. longitudinal strip of the channel, the vortices in this particular strip will a” , 
appear in their real size. The vortex size distribution i in each strip f found by ao ° 
_ this direct method should be e compared with | the corresponding average vortex ef 
a sizes. These can be computed according to Mr. Taylor’s suggestion’ from the wall 
data, as shown for the open channel by t the author. tot 
BENNIE N. _NETzER, Am. Soc. C. E. (by letter).— —The practical 
hydraulic engineer’s need has been for someone put into actuality Mr. 
_ Kalinske’s statement (see heading ‘‘Transportation of Suspended Material”) — 


a Wo * “Waves in Sand and Snow and the Eddies Which Make Them,” by V. Cornish, London, 1914; a 
4 also Ocean Waves and Kindred Geophysical Phenomena,” by V. Cornish, London, 1935. 1S 


‘a “See, for example, ‘Beitrag zur 2 ao der Transportmechanik des Geschiebes und der Laufent- 
des Reifen Flusses,”” by H. W. Ahlmann. (Sveriges Geologiska Undersokning, Ser. C., No. 


Wi 9 See, for example, ‘‘The Transport of Sand by Wind,” by A. Bagnold, Geographical Journal 99, No. 5, _ : 


__‘ &“The different approaches to the study of ‘propulsion of granular materials and the value of their _ 

by P. Round-Table Conference on the Réle of Hydraulic Laboratories 

Geoph ysical Research, Washington, D. C., 1939; publication pending. 
Proceedings, Royal Sos. of London, Vol. 145A, 1934, p. 80. ne 

Engr., U. 8. "Boer. Pittsburgh, Pa ath ad 
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NETZER ow OF TURBULENCE 

that “Turbulence should be thought of in terms of definite parameters i nstead at 
of just as a qualitative descriptive term relating to a general condition of flow.” _ 

= Many hydraulic model studies have been made of problems involving ener, ae 
Cate be oF _ dissipation, for example, which 

Pad had as their net result only 

intensity of turbulence, but no 

203 quantitative conclusions, ‘The 
‘Feason for this has been the lack 

of an instrument for measuring, 

_ ing velocities in turbulent flow. 
ing of the turbulence mechan- 


Helical 
Spring 


_ ism it is undoubtedly necessary 

use some such method as the 

photographic 1 method sugg egested 
by Mr. Kalinske. quick, 
| practical results, however, some 
other method that is less time- 

consuming and tedious and 

‘more flexibility than the photo- 
7 graphic method seems desirable. 
tographic method can be used 

xt an entire turbulent region 


hat with any ease and without con- 
ak 

suming too much time. Model 
hi studies involving the analysis 


sth of turbulent flow in many 


at practical y for measuring 


oft bd velocities. 


Mr. Kalinske ‘states: _ (see 


4 i heading, “Experimental Tech- 


7 that would. give accurate re- 
uid cordings of the instantaneous 
velocity in a direction either 
the determination of the intensity of turbulence in a practical manner such 
“Fig. 17 shows an instrument that ‘may fulfil Professor Kalinske’s 
‘deities The instrument was designed by H. A. Thomas, M. Am, Soe. C. 


and was used by the writer in work 
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bad ® The instrument is a helical s spring that is 
turbulence and will measure the instantaneous maximum, mean, or min-| 
velocities at any point in a Tegion of turbulent flow. The meter 

essentially ‘a vertical rod, encased in a streamlined tube, with a slightly 
ts cupped disk attached to its lower end by a horizontal arm. — The oe. : 
: ie. caused by a current of water impinging on the cupped’ disk i is transmitted by — 
‘ PS the rod to a horizontal pointer which is restrained in its rotation by = 3 
‘s pins. The torque caused by the water current is balanced by a helical spring : et 
a attached to the pointer and to a slide which moves at right angles to the — 4 3 


pointer. _ When the torque is balanced, the pointer is free of both pins ee =, 


scale beam), thus indicating the mean velocity. To ascertain the instan-_ 

taneous maximum or minimum velocities the spring is stretched until the — 

pointer is just moved from either pin. By suspending the vertical tod bya — ’ 
Bs light thread its weight is removed from the bearings and friction is vibe a 4 

to an absolute minimum. The instrument is calibrated by measuring the 

velocity of a jet of water moving with uniform velocity, and then meme 4 

elongation of the helical spring in the same jet. gn 3 


A. A. Assoc. iG, _E. (by letter) .—The 


appreciates the many encouraging comments made by the various discussers, 


| ie and especially the suggestions and advice submitted by experienced hydraulic 
| engineers. ri These suggestions will serve as guides for further investigations in an 4a 


aie + field. _ Professor Rouse, who has given much ip to various theoretical a 


‘analysis of main features of the paper should prove helpful i in 
dispelling fears that prospective | readers may have regarding the presence of of the 

ih Verbal and privately written comments, other then, the published discus- on 
- ‘sions, seemed to indicate to the writer that many hydraulic engineers had the aa 
<i idea that the various theories and analyses presented in this paper had for their __ fe) = 
un ‘purpose the displacement of past ideas on water flow and the demonstration _ E : 
ae that various practical rules now in common use were all wrong. Nothing could > 

be further from the truth. A study of the inner mechanics of fluid flow and Pte 

to understand the phenomena of turbulence have for their purpose 

the providing of basic, generalized information. It is hoped that such funda- 

mental information will ‘permit the bringing ‘together of many 

Lf different hydraulic problems and will show that there is much that is common — 
Ae: ‘among them. Of course, some of the things that will be learned about turbu- 


lence will have no direct practical application. Much of such informa 

- tion will ‘merely provide a a better physical picture of the ‘mechanics of turbulent _ 
’ flow. How ever, there are hydraulic problems for which an increased na - 
a of turbulence i is Vital to their ultimate, complete solution. The recognition of oe) we 
3 the practical importance of the various conceptions regarding turbulence _ 


__Were presented is evident in the remarks of the discussers. $9 j§- © 


i 


®*‘Erosion Below Dams,” by Bennie Netzer. Thesis presented to Carnegie Inst. of Tech., in 1938, = 
partial fulfilment of the requirements for the degree of Master of Science in Engineering. 
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Mr. states that: “In uniform flow the boundary contacts area 
source of continuing turbulence, a balance been reached between that 
a and heat dissipation.” This is a significant and fundamental fact regarding the = eg 
origin and dissipation of turbulence. Professor Bakhmeteff submits some very 
= _ pertinent remarks relating to this phenomenon. There is no question but that | St 
e a the boundary regions in a straight conduit are the major source of the turbu- ae 
ae lence. The writer ventures the opinion that the physical law controlling gthe a 


 ereation and shedding o of the eddies from the viscous boundary layer in ii ; 
conduits, and from the roughness projections in rough conduits, may some day 

be formulated. Professor Bakhmeteff raises the question Telating to fers 
the intensity of turbulence is generally distributed across a conduit as shown 2 
by the writer’s data. Repeated observations in smooth circular conduits by a 
the writer and others have indicated definitely that the longitudinal component 
of the turbulent velocity. fluctuation tends to reach a maximum in the region 
between the wall and about two thirds the distance from the center. 
_ The writer appreciates the importance of e of having the proper f undamental con 
e cepts regarding the type of turbulence one is | talking about, as was shown by Ep 
Mr Mason. True turbulence is probably best defined as being motion in — 


in 


i: Deoth. 


] 5 q = of Professor Taylor’s statistical theory of turbulent diffusion has 

permitted the direct measure of the coefficient of ‘diffusion i in an open channel 
(see Fig. 18). A study of this coefficient is all- important in problems involving nae 
‘the transportation of suspended 1 material. In general, , 80 far | as hydraulics i is ey 


concerned, the statistical theory of turbulence has not provided and probably — ~ 
? will not provide for a long time a direct and exact solution to any practical — oe 


— ab: which there is no Periodicity in the fluctuation in magnitude of the three Bc Me 

4 3 velocity components, », u, and w. From a practical standpoint turbulence is 

if there is a mean velocity gradient normal to the direction of 

se = flow. — Mr. Mason says that the present statistical theory of turbulence does 4 aa 

not offer an immediate possibility of application to hydraulics “problems 

since it is concerned chiefly with isotropic turbulence. This is not entirely 

— true. One of the most important practiodl problems depending 

q its complete solution on a better knowledge of turbulence is that of 
_ transportation. Application of the concepts arising from the statistical theory a 

enabled the writer to study the mechanics of the placement of sediment 

suspension in the bed region of rivers. Certainly the turbulence in this I 

region is far from being isotropic. From the experimental standpoint, appli- 

t 


4 
problems. However, it has provided and will provide tools with which hydraulic 


Q “engineers will be able to get a better insight into the physical phenomena, and om % 
a. ae also will provide a basic framework from which orderly research can proceed. of 
= aa Mr. Mason notes various other photographic techniques that have Deen 
a: tad and suggested for studying turbulence. The size of the suspended im- re 
miscible liquid particles used by the w writer averaged about 1 to » 2 mm. Itap rte 
peared that particles of this size were small enough for studying the ‘diffusion £1 4 
and intensity characteristics of the turbulence in the main body of flow in ce 

- Pipes or channels. Studies near the boundary region require the use of — 
a smaller and a lens system is necessary for taking pictures 
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Mr. ‘McNown mentions that the must be considered in the study 
of sediment transportation as bed load. This is also pointed out by Mr. 
Nemenyi in his discussion. There can be no doubt that this is true, and funda-_ 


mental studies of bed-load movement will have to give consideration to param- 


° 


0.001 5 ~~ 9,002 0.60 0.70 0.80 0.90 
Values of Dande,inSqFtperSec Values of U, in Ft per 
Fre. 18.—Varration or D, AND THE or a Smoorn CHANNEL 


*. which describe the turbulence quantitatively. Probably o one of the n most 
4 urgently needed fundamental experimental investigations in regard to sediment — 
a transport is a study of the zone near the bed where bed material i is picked up 
and transported in “suspension. "Increased knowledge regarding ‘this. transi- 
tional zone in the bed region will be the key to the ultimate solution of the ps naa 
3 problems of prediction of the absolute concentration of suspended sediment. — ag 
eoove Rouse has stated that:™ “*** analysis of the sediment problem as i 
_ whole will first become possible when bed-load and suspended load can be ex- 
pressed as functions of the same flow parameters. sl In other words, the flow 
i _ characteristics that control the movement of material along the bed also control £ 
development of the turbulence that is responsible placement of 
material in suspension from the bed region. sdew a 
‘ calculation of the length term X, , which is defined by Equation (30) in Mg 
_ Mr. McNown’s discussion, was made by substituting in this equation values of | 
i for small values of x. This is in accordance with the procedure followed by | 
| Professor Taylor.. A knowledge of the functional relationship between z and — 


Bi is not necessary in order to calculate A toa degree of aemmareg memonmareed 


In the paper the writer makes a brief statement the 
~ turbulence on the measurement of static pressure in turbulent flow and the 4 z 
_ Measurement of mean velocity by means of a pitot tube. From some measure- — a 


-Ments made by himself and various studies by others he concluded that for the 7 


fy ““An Analysis of Sediment Transportation in the Light of Fluid Turbulence,” by Hunter Rouse, oY, . 
+8. Dept. of Agriculture, Soil Conservation Service, Technical Publication No. 26, july, 1939. a 


al Theory of Turbulence, by G. I. Taylor, Proceedings, Royal Soe. of Vol, 151A, 
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ordinary in pipe or channel flow the error ‘in — 
of a static pressure tube or pitot tube due to the turbulence should not be es 
han about ‘1%. Professor Hubbard, in his discussion, disagrees with * 
- this view. First of all it should be eunphasioed that the writer tne! talking about ae 


= the error in the “reading” of a static-pressure tube or a pitot tube and not the 


_ error that may obtain in the use of these instruments in measuring the diss Re | 

7 Ca charge i in a conduit. There are 1 many other items in addition to turbulence — 

“ i which affect the accuracy of discharge measurements made with pitot tubes, _ 

writer cannot agree th that Mr . Hubbard™ and Mr. Cole*’ i in t the paper 
hecationed have entirely succeeded in isolating g the effect of the turbulence on a 
the ‘Ppitot-tube coefficients as obtained from over-all discharge measurements. 

: 4 The effect of the turbulence. may have been obscured by various other items. Bg .' 

Probably the most thorough experimental investigation of the effect of 

turbulence o on static- pressure tube readings was s made | by A. Fage.** Using the 

data obtained in this investigation, he made an analysis of the probable effect y 


oS of turbulence on the calculation of pipe discharge from pitot-tube measure: 


ments. writer will not attempt to review completely the analysis made 
= by Mr. Fage; however, a few conclusions should be mentioned in order to _ 
"According to S. Goldstein, 68 * the reading 0 of a total head tube i in ‘turbulent 


in which - =u + w’, the sum the mean squares ‘the 
" velocity components along the three coordinate axes; his the lo cal mean static 


ba 
h+— 4 is 
across turbulent w ake behind a shea’ in a fluid stream. the 
edge of the wake where the stream is undisturbed the static pressure is s equal to mn 
h This indicates that the true local static pressure varies across 


a turbulent wake. These conceptions are extended by Mr.  Fage to the oe 
am in a pipe, the main | body of the turbulent stream corresponding to a 
turbulent wake. The reading of a static-pressure tube placed in a turbulent | 
= fluid, according to Mr. Fage’s investigation, is equal to h + Ke + w'), in 
which K is an experimental constant which will depend on the design of ‘the 
.* tube used. However, in any case the reading will tend to approach the value 
If the pitot tube reads a pressure equal to’that given in Equation (34), and — 
_ other side of the differential gage is connected to a wall piezometer, Mr. 


s a “On the Static Pressure in Turbulent Flow,” by A. Fage, Proceedings, Royal Soc. of London, Vol. — 
ae "The Estimation of Pipe Delivery from Pitot-Tube Measurements,” by A. Fage, re 4 
7 ss: $8" Measurement of Total Head and Static Pressure in Turbulent Streams, in by | 8. Goldstein, 
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ae in | which: Un = mes mean velocity i in cross section; y= = distance from ie Jae 
r = pipe radius. Professor Hubbard’s conclusion that if, as the writer ee, 
_ astatic pressure tube has a reading greater than the true static pressure by an 
es ‘amount proportional to the cross-velocity components, the coefficient of a pitot 
oe tube will be greater than unity, is erroneous. The effects of turbulence tend “s 
to make the coefficient of a pitot tube less than unity. ¥ various transforma- 


3 ‘tions ‘Mr. Fage reduces Equation (35) and gives as an approximate expression — 


for th the percentage of overestimation: in which 79 is the wall shear 


oF. 


pis the fluid density. The maximum value of the expression occurs at the 
Reynold’ 8 numbers and is about 
In addition to the effect of turbulence, Mr. Fage shows that an overestima- a 


tion of discharge results from pitot-tube readings due to the fact: 


_“*** that the total head registered by a pitot tube in a region of total 
et eben pressure gradient is not associated in general with the geometric center of 
the mouth of the tube, but with an effective center which is displaced from a. 


the geometric center tow ards the region of higher total head.” eh ihr aot 


How ever, this correction should ordinarily not exceed 0. 5% except pe a a large a 
tube: is used in a small pipe. Another item that may influence the reading of a & a 
ig Static pressure tube is the deflection of the stream lines of the average flow by — a 
Pp the presence of the tube in a yan of high velocity gradient—that i is, near 
tye Everything considered, Mr. Fage’ 8 studies should not be considered as the a 
a word in regard to the effect of turbulence on the readings of pitot tubes 
and static-pressure tubes; however, his analyses appear to be fundamentally | ey 
and indicate the factors that must be in any work 


would certainly not be according to error “the ine 
fluctuations i in fully developed turbulent flow are distributed according to the 
Pe normal error law is a definite characteristic of turbulence, and _ just a mere oa 
 eoineidence or the general behavior of any fluctuating quantity 
Shulits states that the eddy viscosity, which is proportional to the 
“coefficient, D, as defined in Equation (6), is a time rate of change of area. ae 
Professor Taylor* definitely shows that the diffusion coefficient i is proportional 


to the product of the root-mean-square of the transverse v velocity and the 
a tance & mass of fluid’ travels before the correlation coefficient between the 
the is zero, To state that 
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this coefficient i is a rate of change of area has no physical 


is a “play” on the dimensions of this quantity. The viseos- 


of fluids has the same as €or D—that i is, = 


+ 


the property of viscosity, definitely shows that is to the 
me of the mean velocity of the gas molecules and their mean free path. © Professor — ‘ 


ve 


Taylor’ 8 analysis gives a similar physical significance to the quantity € oF D. oe 
iat Experimental data on the variation of D and ¢ in the center of a smooth 
: big open channel, 1 ft deep and 2.5 ft wide, are shown in Fig. 18. . The mean mon 
oe in a vertical section i is 0. 865 per | ft sec. Values | of D were obtained | from data ey 
— to those ange in Fig. 6 and € was computed from the relation: % 


dU 


The of was not very accurate since some assumptions had to be 
- made regarding the value of the shear. Nevertheless, the ore and ‘a 

perhaps even the equality between D and are evident. 

The writer agrees with Mr. Shulits that the statistical of turbulence 
4 eae not in any way obviate the necessity of observations and measurement; _ 
t however, it does give direction tosuch research work. = = | 

Mr. Nemenyi makes a very worthy contribution i in regard to the retardatio 


of flow in conduits having various types of boundary obstacles. i Her 


oo 


4 the concepts of vorticity, boundary layers, and discontinuity surfaces. Thisi is 


a. 4 true, but it should be added that turbulence studies in general must also go back 
to these concepts. Since turbulence tends to originate at boundaries and 
_ surfaces of discontinuity, the laws controlling the creation of vortices will have 
_ to be studied if hydraulic engineers are to learn more about the physical proc 

- esses in ‘Tegard to the origin of turbulence. . Mr. Nemenyi’ s remarks relating — 


to the various types of surfaces of discontinuity that may be produced are very - 


aes Present know ledge seems to point to the fact that ordinary turbulent fow 


_ in conduits is the result of the dispersion of eddies from the boundaries into the ae 
a main body of the fluid stream. Their origin, whether from a surface of dis- i 
_— continuity 2 at the 2 viscous boundary layer i in | smooth ¢ conduits or from 1 roughness S 


projections’ in rough conduits, is probably governed by strict physical laws. Ha 
The behavior of an individual oe in the main fluid stream, of course, is un- a 


In order to retard the mean forward velocity of flow in a atin conduit 


having a given hydraulic gradient and cross section of flow, the total rate of ne 
pressure or potential « energy conversion must be decreased. This total rate of 
energy conversion per unit length of conduit i is equal to Qy S, in which Q i is 

discharge, the specific weight, and S the hydraulic | slope. * According t to 


- Equation (21), this rate of conversion for aiaamuad turbulent flow in a ‘circular 
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conduit can be represented by 2m] pe 


‘stant cross of flow Sr remain same. hangs in 

should result in proportionally equal. and opposite change in 


‘the foregoing expression for pressure energy conversion (see Equation (219) it i is 
geen that an increase in ¢ will result i in a decrease i in Q, or in the mean velocity fs 

_ for a given cross section. In other words, to reduce the mean forward velocity a 

a it is necessary to secure intense mixing between the slowly moving water at the 


a ‘die ane and the water in the center portion. _ This can be done bya an } increase 


“effective for producing a large of the velocity. Specially 
designed obstacles that forcibly throw the water at the boundaries into the 
main portion of the stream are much more effective in retarding the mn 
forward velocity of the stream. Though the flow in such special conduits is 

obviously not directly comparable to ) ordinary | turbulent flow, nevertheless the 

ES general concept that intense transverse mixing must be obtained, if a large Ca ; 
reduction in forward velocity is to be secured, is still applicable. RS pagel = 

Inhis discussion of the application of the theories of turbulence to problems 

a sediment transport, Mr. Nemenyi states that it is paradoxical that various 


Dy ad fluctuations are ‘supposedly i irreg ular. Difficult as it may be to imag- 


regular phenomena manifest themselves in turbulent streams in which — 


= In 8 paper®® published i in 1939 a A. Velikanov gives | a mathematical analysis 


“transformed into a rippled « one the direct action of the turbulence of the 


In regard. to Mr. Netzer’s on the measurement of fluctuati ing 
- velocities i in model studies it should be kept in mind that the photographic aa 
methods, as used b by the w writer, have many advantages even if they are time- 4 
consuming. Since no apparatus is introduced into the s stream, there is 
assurance that the results obtained are not influenced by, or are peculiar to, ia 
_ measuring apparatus. _ Furthermore, the investigators obtain a definite x 
Picture of the turbulence, which is often as important as the actual quantitative _ 
‘measurements. The time required i in analyzing the data obtained on motion-— 
4 picture film can be shortened by ‘utilizing the principles of random sampling | = 
theory. Nevertheless, any instrument, capable of measuring even approxi- 
“mately the turbulent velocity fluctuations directly, would be useful. A check-— 
‘ing of the measurements obtained with an instrument such as that shown in 


“Formation of Sand Ripples on the Stream Bottom,” by M. A. Velikanov, Question 3, Report 13, 
for of Geophysical Assoc., September, Washington 
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—. aoe It should be mentioned that excellent data on velocity fluctuations in pis 


: ae _ streams can be obtained with current meters, especially with those of a —_ 


and of the velocity. fluctuations streams is of i 
_ tance is in suspended material sampling. Before suspended material can be 3 
determined accurately and economically, it is important to know how the 
concentration fluctuates; this fluctuation in sediment concentration is closely 
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| SEWAGE DISPOSAL PROJECT OF BUFFALO 
By SAMUEL A. GREELEY, AM. Soc. c 


ie, ‘The purpose of this paper is to make of record, with proper ‘explanation, 
sm of the engineering data accumulated during the design and construction ae 
of the sewage disposal project of Buffalo, N. Y. During the three years 1936 a 
to 1939, the Buffalo Sewer Authority completed the construction of intercepting 
sewers, sewage treatment works, and storm-water relief sewers, a total proj- 

ect cost of $15,000, 000. The sewage disposal works were placed in operation — 
The Buffalo Sewer Authority ws was created by a special act f the Senate 
pt Assembly of the State of New York and becanie a law April 8, 1935. The five 7 


‘ % Ve members of the . Authority were first appointed in ‘June, 1935, and later i in in the — 
A eS year, on December 7, the Authority appointed the organization which was to 


: 2. serve as designing and supervising engineers. Meanwhile; on June 18, the 
Authority: made application to the Federal Emergency Administration of 
for a loan and grant, in the amount of $15, 000, toaid 


te Niagara River, Buffalo River and Lake Erie from pollution 
‘ oy the sewage and waste of the City of Buffalo and relieving the City of ere 
_ Buffalo from inadequate sanitary and storm water drainage and for the __ ee 


- sanitary dis osal or treatment of the sewage of the City of Buffalo. fae 


3 __ The estimates of cost in this application included construction work i in the nee ; 


% sum. of $13,200,000, and a sum of $1,800, 000 to cover r preliminary « expenses, : Sa 
land and right of way, engineering, interest during construction, ma. 
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administrative costs. The proposed storm-water sewers were fal ‘the 


ice ‘The first investigation of the sewage disposal problem of Buffalo was mada. ee 
between 1909 and 1918 by the International Joint Commission in connection & 
with» an investigation of the pollution of boundary conclusions 
stated i in their final report are briefly as follows: 


fy 
“Tt is advisable to consider t the Niagara and Detroit as a 
by themselves, so far as remedial and preventive systems are concerned, 
As has been stated, the most serious condition existing is the bacterial ES 
ha pollution of these streams. To remedy this evil, sewage treatment should _ 

_ be applied in connection with dilution so far as is necessary to bring their 
a waters to the standard mentioned—a mean annual cross-sectional average Ba 
of B. coli not exceeding 500 per 100c.c. This necessary sewage purification 
- can be effected by fine screening or sedimentation, and when necessary A A 
chemical disinfection, at a cost which will impose no unreasonable a ~~ 


_ upon the urban community responsible for the present pollution.” — 
ae Furthermore, ‘it has been clear for a number of years that the waterways, 7 


F within the city limits of Buffalo have been grossly polluted, including Buffalo 


_ River, Buffalo Harbor, and Black Rock Harbor. The function of the sewage 9 

disposal part of the project, therefore, i is threefold, as follows: — 
To relieve Buffalo River and it its from unde 


os To relieve Buffalo and Black Rock Harbors from undue pollution; and, 
© Tot remove contamination from N Niagara River and to Teduce the bac- 
3 ae terial content of its waters in order to avoid placing an undue pollutional load 


on water purification works of communities below Buffalo which derive e | 


water supply from the ‘Nia ara River. 


tet) A number of the existing sewers had also been overloaded and much in need : 
oft relief. As this was especially true of the existing sewers in the Bird Avenue _ 
District, ‘it was decided to include storm-water relief sewers for this sewer ee 


Action for undertaking the project was by the orders of the 
New York State Department of Health, issued in March, 1934, which required 4 
Sa that during 1935 the City of Buffalo must engage engineers, take steps im” 


the Bird Avenue storm-relief drains, and make a satisfactorily on 

general plan n for interception and treatment of t the entire sanitary sewage ¢ of 
a er city. Detailed plans and specifications for a substantial part of the work a 
ie 1? were required to be completed by April 1, 1936, and construetion work started Pi 

2 on or before July 1, 1936. The order " Tequired that the treatment works be 


completed and ‘placed i in operation on or before October 1, 1937. 


Ee Actual construction work was Pg on a part of the Bird | Avenue storm- vee 


1936. The first major construction contract went into actual in 
1936, under | bids which been advertised on April 23, 1936. An 
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“whic extends fre rom the harbor i ina and direction, Much 
of the area tributary to Buffalo River is occupied by industries, and this i is the y 
principal manufacturing district of the city. “ Scajaquada Creek flows i in an neast 

and west direction through the northerly part of the city and is used to form — - 
Park Lake in Delaware Park. The northerly part of the city is much more 
Tesidential in character. The population | of Buffalo by the United Staten 


al 


000 


31, 129 1960... . 


The total area in n 1930 was 26, 980 acres the was 5 21. 
: ee persons per acre. » It was thought likely that the area of the city might ae 


extended somewhat to the north and east in the distant future with the larger § 
populations, but this does not influence the plans. length of the city ina 
aa . north and south direction is 8. 6 are and the width i in an east and west direction — ‘a th 

The average temperature and precipitation at Buffalo are indicated i 

‘Table 1 which is a summary of data from the U. S. Weather Bureau. The | i 
‘TABLE 1 Data; Burrato, N. Y. 
cription are, Ti a une uly em- vem- | cem- +} 
. % Temperature*...... 25.4 | 24.0 | 31.8 | 42.5 | 54.0 | 64.5 | 69.9 | 68.7 | 62.6 | 51.4 | 39.4 gy 
Precipitationt.....| 3.23] 2.74) 2.68] 2.53] 2.85] 2.88] 2.99] 2.81) 2.88) 3.20| 2.98) 
‘Prevailing windt.._| W | Sw | Sw | SW | SW | Sw | SW | SW | SW | SW | W . 
W eather Bureau also reports that the "prevailing winds are s southwesterly “4 
except during November, December, and westerly 
all the sew ers of Buffalo are on combined total 


_ 


— a. Buffalo is situated along the eastern shores of Lake Erie and the Niagara pi 
— 
th 
= 
— 
— th 
— 
Estimated 
— 
— 1985............. 1,100,000 It 


— are about 62 outlets, all of which y have 1 now been connected tot the new 4 4 


_ The city is divided topographically into two parts, one draining naturally to “a ce 
ie the Buffalo River and the other directly to Black Rock Harbor and the Niagara B, &a 
; River. . Wi ith a few y exceptions, the main drainage system has developed along coe 
these natural lines. In the area north o of the lower part of the Buffalo River, 4q 
—asystem of canals formerly connected with the old Erie Canal. Some of the 
city se sewers discharged i into these canals, which hi have been covered over ; and 
serve as storm overflow sewers. Except in the case of District VII (see Fig. 1), 
the sewers of Buffalo are on the so-called combined system, with sewage and 
storm water | carried ‘in the e same sewers. — In District Vit the dry- -weather — 
fowi is confined in to. a system of se sewers and conducted to the 


= been used in regular operation since before = 


_ Conditions in the the harbor, the canals, and the Buffalo River | became objec on 
¥ tionable at an early date, and to alleviate this pollution, the so-called Swan 
‘ ‘Trunk Sewer was built in 1883. This sewer, with a later extension, runs 


> ‘Itis 8 ft in dinsneter fee most of its length, and was designed as an Seleceentings 
_ sewer to receive the dry-weather flow from all the area north of Buffalo River Ee 
4 and south of the Bird Avenue sewer district. it also receives the discharge of SS 
_ the Hamburg Street Pumping Station. In later years it has been much ne _ ; 


Se & @ 


loaded and, especially near th the upper end, overflows ) have been iin 


P metimes continuous during dry weather. ‘The capacity of this sewer is Be 
‘utilised i in the new intercepting sewer system. 

= The population and industries adjacent to Buffalo River have continued to 

“discharge their sewage into the sluggish waters of the river. Nearly | all the a 
Se industries along Buffalo River have private sewers directly to the river. 
There are several small areas, chiefly i in small separate municipalitie 
om outside the | present ¢ city limits which discharge s sewage into the Buffalo sewers, 
t. amounting in the total to about 1,000 acres, with a population of about 13,000. “ 
s, The characteristics of the major sewer districts of Buffalo are as shown i in 


The waterways of Buffalo f pertinent to the sewa: sewage disposal project are — 

‘Fig. 1): Niagara | River, Buffalo Harbor, Black Rock Harbor, Buffalo River, _ 


eee Niagara River —The drainage area of ‘the D Niagara ‘River, at the outlet of 
_ Lake Erie, is about 175,000 sq miles. Based on records of the U. 8. Lake 


Survey, the average discharge i is 203,000 cu ft per sec, A of 176 000 


prior to 1855, 23 miles were constructed; and in the = 
during the ‘ s. isting sewers of 
period prior to 1895, 139 miles were built. Thus. the exi 
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‘SEWAGE DISPOSAL 

the tim ‘The minimum ‘monthly average 
of (142, 000 cu per sec) par in February, 1934; and the. 
= maximum discharge (251,000 cu ft per we) occurred i in June, 1876. - Thus the 
discharge i is relatively large and uniform. eds 

__ The elevation of the water surface of the Niagara River opposite e thes sewage 
treatment plant on Bird Island covers quite range. is estimated that an 
elevation of — 9.7 (Buffalo City Datum) is exceeded on the average for 99% 
2.—CHARACTERISTICS AND EstiMatep AVERAGE Sewer QUANTITIES; 


oA il rw OPULATION, 8 
istric 


4,470 


Lake 

Genesee Street 
Michigan-Emslie . 

Hamburg Street 
Fillmore-Babcock 

Bailey Avenue. 

South Buffalo.. 


+ BOONSS 
G9 ¢ 


573.0 |1,100.0 | 26,980 


* Med = million gallons daily. ie + Ged = gallons per capita per day. 


the water level in the river at Bird Island much higher than the foregoing. 


Thus an elevation of + 2.0 is reached, « on the average, on once in three’ years, : 


and an elevation of + 5.0 has an estimated frequency of occurrence of oncein 


si 
Below Buffalo, the Niagara River is ‘used as a water supply by Tonawanda, sf 
oe - North Tonawanda, Lockport, Niagara Falls, Youngstown, and Fort Niagara, in 
New York, with a total population of about 150,000, ‘and by the cities of rat 
Erie and Niagara Falls in Canada. There is an increasing use of the water foe : 
__‘Feereation, including boating, fishing, summer homes, and some bathing, mainly Bs 
- limited, at present, to the Canadian shore and to the westerly shore of Grand — & 


Island. _ The > average number of B. coli per cubic centimeter at the Niagara — 


~ SS water-works intake was 36.7 in 1936 and 27.5 in 1937, with individual 
* samples as high as 240. The analyses of the Sewer Authority laboratory show _ & 
as great a concentration as 2,400 B. coli per cu cm in the most. contantinnti bit 
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red 
Buffalo Harbor — —Buffalo Harbori is m artificially by in tabs: 
Erie. Little sewage is discharged directly into Buffalo Harbor and it has not _ 
an important factor in the > design of the project. 
Black Rock Harbor.—On the other hand, Black Ro ck Harbor tai received a 
considerable quantity of sewage and was seriously polluted. In fact, it is a 7 
a _ waterway connecting the New York State Barge Canal with Buffalo Harbor — 
and is ; relatively long and narrow, having the shape more of a canal than of a 
: harbor. Its length is 16,500 ft, the area of an average cross section is 8,800 is . 
sq ft, its surface area is 8,100,000 sq ft, and it has a liquid volume at mean 
depth: of 140,000, 000 cu ft. Some. circulation (about 100 cu ft. per sec) 
- maintained by the operation of a small outlet at the lower or northerly end of =" 
the harbor and by operation of the lock. Variations in the level of Lake Erie a 
also have a marked effect in mixing relatively | unpolluted lake water with the er aay 
harbor water, especially in the upper or southerlyend. = — 


__ The principal source of pollution of Black Rock 1 Harbor was the Bird J 
Avenue outlet which discharged about 25.0 mgd of sewage into the harbor about 7, 
~ 3,000 ft south of its lowerend. This is about 20% of the sewage of the entire aa 
An indication of the effect 0 of thi this: pollution is given aby the data in 


3- —ANALYSES or Buack Rock HarBor- Water, FROM INDIVIDUAL | 
4 


Table 


Dissolved oxygen, | 5- .O.D., | Dissolved oxygen, 
reentage j reen 

saturation me million of saturation 

A 

Sie 

— 


as 


November 9....... 
December 7 2 


4 


Buffalo River and Cazenovia Creek.—Buffalo River ¢ and its main tributary, 
oer Creek, have a drainage area of 436 sq miles. e There is no continuous 
si record of gagings of the quantity of water flowing in Buffalo River. _ However, es 
the U. 8. Geological Survey has a ‘Tecord of routine gagings on 
Creek, the drainage of which is adjacent to that of Buffalo” and 
‘neludes 488 sq 
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of Buffalo River has been computed as follows: 


i Average from May 1 to October 31.. 


Median from May 1 to October 31. 


j nbiiaaneiis of 100 ct cu ast per sec is omnia 90% of f the pete for the y year as 

a whole, and for the period from May 1 to October 31, a ere pHi of 80 cu: ft per 


i 
50 Cu Ft per Sec 


Biochemical Oxygen 


‘ 


8, 1937:110 


Ls Cu Ft per Sec 


= 
; 
i 
i 


he 


am 
| Nov. 9, 1937;450 
| CuFtperSec 


A 


Jan. 4, 1938; 760 
Cu Ft per Sec 


From Mouth of River, in 
Fig. 2 and the 5-da Bu O.D D. (bio- ,-chemical 
oxygen demand) for five typical river “surveys during 1 1937. The river dis- 


charges indicated determined by actual gagings ‘on the dates of the 


surveys. During the surveys of and September the dissolved 
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Creek. —Flowing through the northerly se section of the into 
- Black Rock Harbor, Scajaquada Creek has a drainage area of 24 sq miles. 
_ Where it flows through Delaware Park, it has been dammed to form a small - 
lake. Due to the pollution of waters of the creek, sludge deposits in this lake 
- have caused objectionable odor conditions in the past. The section n of the — 
ereek between the east city limits and Ms Main ain Street has been s been enclosed it in a 


ENGINEERING AND LABORATORY Worx 


nr field engineering work was required to be done promptly, , including 
surveys for design and for the acquisition of land and rights of way, investiga- 
tions of the | best location for intercepting sewers, the supervision of borings, — 
examination and gaging of "existing ‘sewers, and planning and organizing 
nboratory. Much useful work was accomplished through the laboratory, in 
determining sewage quantities and the condition of the 
water in many of the waterways. - Studies and reports wi were made on most of 

_ the larger industries. Investigation of the industrial sewages of Buffalo was a 
major i item of the engineering and laboratory work. 

During two periods i in 1936 (May 
1937 (July 13 to August 28), several of the large sewers were aaah and sampled ~ 


determine the characteristics of the sewage. The study 


Resv 


(see gir 
Rig. 1) in} popu- Sus 
se lation pend- 
80 


Bailey Avenue 
Babcock Street 
more Avenue. . 
_Emslie Street 
Trunk* 
Albany Street 
Bird Avenue. 


Estimate for 


includes flow from all the first four. t The total includes the last three items— 
on separate samples collected at bi- hourly intervals. Bacterial analyses were at 


made e on two samples daily. All other determinations were made on 24-br 
S ‘composites, built up from samples taken at 15-min intervals and proportioned pe 
rh ‘according to sewage flow. fe ‘Table 4 gives the results of this work. The sewage vel 


f 
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was determine — 
TABLE 4.—Summary or 1937 Srupres or SEwaGE CHARACTERISTICS — 
P| mand| PH ‘ 
Vite | 1,380] 9:30 | "861 | 183 | 146 | 228 | 207 | | 
< 33000 6.10| 639] 186 | 153 | 238 | 180 2 
49  §96| 171 | 134 | 168 | 190 
IV to ix 7,200 | 235,000} 49.41 300 | 205 
‘| 5,340 | 143,000] 24.53 | "533 | 145 102 | 162 | 42) 
te 
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"SEWAGE 


1936, were made as to of a t 
ae of a ee solids i in the sewage, with special attention to the we 


[Sewage || [Sewage fow,| Suspended |) fow,| 
(pm m.) in million parts per ery in million | parts per (p. m.) in million parte | 
[ealloas daily |\gallons daily — | 


= 


oly 


Niagara, River have been made since June, 
hadi the summer months, when the use of a boat was possible, samples were 
‘-_ taken at six different cross sections of the river between the site of the treatment 
plant and the lower end of Grand Island, immediately upstream from the 
‘intake of the Niagara Falls water works. i = About |! forty stations were sampled ts 
at these times. During winter months, samples were obtained only from the i 
; two Grand Island bridges, a total of thirteen stations. _ Analyses were made of 
ee each sample to determine the ‘numbers: of B. coli and of to tal bacteria on 
= agar-agar at 37° C. Ona few occasions, determinations were also made. of 
dissolved | oxygen (D. 0. ), bio-chemical oxygen demand (B.O.D.), solids, nitr 
_ Daily bacterial analy ses of the raw water at the ‘Niagara Falls filter lant 
been made for the Buffalo Sewer Authority | since May, 1936. Two 
studies were also made to determine the hourly variations in bacterial content i 


oft the river water at this point. 


Monthly ‘ample: ten ‘pointe: | the Buffalo River and 4 
“Cazenovia Creek have been collected and analyzed since April, 1936. ‘The 


stream: discharge and temperature are determined and the following analyses. 
made: Potential of hydrogen, dissolved oxygen, bio- chemical oxygen demand, 
total solids, suspended solids, oxygen consumed, total nitrogen, chlorides, 


37° ‘bacteria, and | B. “coli. Samples at ‘special locations and for 


TEC 
special purposes are collected at various — 
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‘SEWAGE 

On On each ‘the Buffalo River surveys were also collected and 
&, analyzed from the following points in the harbors: City Ship Canal at Michigan =) 
Avenue, mouth of Buffalo River, Black Rock Harbor at Ferry, Street and at 


Occasional studies have been undertaken to determine conditions i in 


id used 

Buffalo has a relatively large number of industries which “produce sewage. 
“Many of these are situated in the southerly part of the city which drains 
“naturally to Buffalo River. _ Some of the larger plants discharge directly into 
~ Buffalo River and do not use the sewers. The chemical industries form an 
re important group, including seven major plants, among which are those of the — 
ie General Chemical Company and the National Analine and Chemical Company. Ton 


et There are two relatively large coal coking plants, one ha which has been closed. a 


eight oil and refining plants, five rubber : plana, and 
Many | ‘of these industrial establishments have been and the 
and characteristics of the: sewage determined by gagings and analyses. a 
é It has been considered that the sewage from some of the industries is not 
i likely to be readily amenable to treatment. . It has thus been desirable to 
he undertake a cooperative program with the industries for the removal of pollu- Ps 
3 tion from the Buffalo River and from the sewers of the city. This program aoe . 
has proceeded on a a satisfactory basis. Properly, it has not been developed 
until the later of construction and the early steps of operation of t the 


Storm -water relief sewers were planned to serve the Bird Avenue sewer e. 


was throughout | its length, the: section above Main 
Street, which has capacities, in its several sections, of only 166 to 665 (ged), e 
based on estimated 1985 populations. Overflows had been built from this — 

; sewer into the Scajaquada Drain, a large sewer which, more or less, is parallel os 
to the Ferry Street sewer to the north. This caused the pollution of Park e. 
Lake in Delaware Park. Several lateral sewers in this area were also of cS 

insufficient capacity, especially that i in Michigan Avenue. 

bavi Storm-water relief sewers were planned for a rate of rainfall estimated to 

_ Occur once in ten years. A runoff coefficient of 0.60 was used for the area aa 

the city limits and of 0.22 for rural areas outside of Buffalo. The 
size of the necessary relief sewers ranged from 3.5 to 12.0 ft in diameter. _ The ‘ 

i pe cost of the storm-water relief sewers was $2,330, 000. Plans and — a 
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-Intercepting sewers were designed to: serve a future of 1 ,100, ,000. 


s The average quantity of sewage of each of the ten major sewer districts ( - 
q 


Fig. 1). was estimated as shown in Table 2. ‘The unit quantities used in com- i 


puting these sewage flows are asfollows: — 


Gallons per capita per 24 hr; domestic. 
‘Gallons per ‘Acre t per 24 ae ay shige 


East Buffalo 


daily, is is as ‘as follows: 338 ‘tas 


Brie 


For the design of sewers and structures serv ing only part of the city, the 

a] estimated average sewage quantities were increased by factors to allow fora 

- different distribution of the future growth than that estimated. — These factors 


varied with the size of the area served and with the estimated density of porte 


= 


For: area will ‘overflow to Buffalo River the intercepting sewer 

aeons were based on 3.0 times the estimated 1985 average flow, and for a 
other areas on 2.5 times the estimated 1985 a’ average flow. 

. Based on rainfall records and a runoff coefficient of 60%, a ‘computation 
i « - was made to indicate approximately the number and duration of overflows of — 
combined sewage into the waterways. No very exact computation was 
attempted, but the approximate results are given in Table 6. A proportion’ o 

ll the total sewage flow varying from about one third of one per cent, in the near q 
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intercepting sewer pumping costs. 


TABLE 6.— FREQUENCY wie DuRATION OF 


I ‘TERCEPTIN 


EATHER FLow; ral 
150 GALLONS PER 


Number of 
overflows 


Hours of 


PER j 


overflows 


presen 
WEATHER 


Number of 


= 


Drr- 


ig 
900 
Capira PER Day 


FLow; 


Hours of 


overflow 


Number of 


Averacs Dry- 
Wearuer Fiow; 
250 GALLONS PER 
Capita PER Day 


overflow 


a3 


ABE 


marines 


l the head available and at the same time keep the sewer below existing we 
future utilities, much of the main intercepting sewer was built at a flatter grade 
than the slope of the hydraulic gradient at maximum flow, so that at times 
ae. of storm the 11-ft and 9-ft portions of the sewer will operate with the hydraulic a 
gradient as much as 2.5 ft above the crown of the sewer. here 
_ A condensed profile of the main intercepting sewer is shown i in Fig. 3, and 


es" typical sections of the pene nF sewer are shown in Fig. 4, As shown c on the — 


Cow 
o 


choose any one of four sections: Monolithic concrete, concrete 
brick, and | segmental tile. Reinforced concrete ‘pipe (types 4 A ai and H, Fig. 4 


earth tunnel in division 0, Fig. 3. tor 
For rock tunnels - the horseshoe shape (type C) was used, with a plain 


on having a minimum m thickness of 8 in. the larger sewers: in 


nstorms. Kutter’s formula, with 
“3 yacity of all the intercepting sewers. | ie 
Careful studies were made to determine the F 
ancy. 
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the relative economy several sections Di awings ’ — 
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ENERAL or Intrercerrinc Sewers 
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“Wig. 4 4 show. the sizes ‘Standard? were used for 
- shallow cuts where no extraordinary loading was anticipated. “Heavy” 
. - geetions were used for deep cuts or where other heavy loads were anticipated, _ 
- such as from railroad tracks. The entire length of the 11.5-ft, type D section ae: 
int the abandoned Erie Canal was designed for heavy loads to provide for a 
_ proposed relocation of main-line tracks of the New York Central Redisend. pau 7 
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- with four vertical centrifugal pumps having a total rated capacity of 100 mgd. ; iy! 


_ Atunnel crossing under the Buffalo River leads to this pumping station. It va 
two one 36 in, in diameter and the other, a rectangular 


“southeastern part « of the city, is the South Buffalo pumping station, 
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«65 intercepting g and regulating chambers were 1 built, as well as a large number of — 
_ special structures including creek and sewer crossings, junction ‘chambers, and 


The estimated final construction cost of the intercepting sewers 


‘Main intercepting sewer $5,254 0000 


The cost of the Main Tntereepting Sewer is wise up of $4,703,000 for the 


_ sewer line proper, including manholes, , sheeting g left in place, rock excavation, 
os paving, handling utilities, etc.; 
a intercepting chambers, junction chambers, ‘end river and creek crossings. “The ; 


be of $4,703,000 is itemized, as shown i in Table 


Tee 


Length, dollars, tract 


Division 


§1.70 
41.60 
132.10 


J 


section, rock foundation. tf Standard section, section, rock 


foundation. § Heavy section, earth foundation. xe 


Main Pumpine STaTION AND SEWAGE PLANT 


United States, the sewage treatment plant is situated on Bird Island, along the 
west boundary of the city and somewhat north of the east and west center 


a 


_ By special permission of the City of Buffalo, the State of New York, and the — 
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— in feet | “feet | linear || (see ig. 4) | 
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ng sewe 


Clarification and disinfection units.......... 
#2 


2 maximum. 


000, (for less than one hour). . 

be Suspended Solids in ‘Raw Sewage e Average (1950): 


ihe Pounds per capita per 24 hr —«0.8 


he 


(Assume thes, as a yearly average, the volatile: matter is 10% 


ite or ch 


— 
month 200 
soo 
351,000 
00 
— 
the — 
ai 


Coarse trash racks with of 5.5in, 


; ae __ Bar sereens mechanically cleaned with clear spacing of ban 


period a at: average flow of: 
ote 


ue (Assumed weight of wet sludge, 62.5 lb per cu ft) 
Chemicals for conditioning 1 raw w sludge, i in pounds per 100 

Ferrie chloride (100%)........ 2.0 Ag 


A general plan of the sewage , treatment plant is shown in Fig. 5 and: a profile 
Mae “Y's showing the high- water and low-water hyc draulic grade lines is shown in Fig. 6. _ 
ae. ‘The elevations in Fig. 6 are referred to Buffalo City Datum, , which is 575.89 ft 
above mean tide at New York, N. Y. (1903 level adjustment, U. 8. Army > 


. a A Pee: (a) With river level at — 5.7 and with a sewage flow of 570 mgd, 330 mgd 
= ia. will be discharged through: the submerged outlet and 240 mgd through the 
(0) With river level at 8. 7 and with a sewage flow o of 570 mgd, 500 mgd 


will be. discharged through the submerged outlet and the 
a 0 (c) With river level at — 5.7, sewage flows of as much as 295 5 mgd will be 
discharged through the submerged outlet, without overflow;and, 
(d) With river level at 97 7, sewage flows of as much as 470 mgd will be 
bi discharged through the submerged outlet, without overflow. 
a 


The treatment plant occupies a somewhat triangular shaped site, having an 
a area of 23.0 acres. At the southerly end is the main pumping station which — 
a lifts the sewage about 23 ft at average sewage flow. — The sewage then flows by - 


7 gravity through a screen and grit chamber, venturi meters, aerated channels 
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- pumps, each with a rated capacity of 100 mgd and a low-head capacity of 120 3 


é mgd. The total capacity | of the pumping station is thus somewhat more than 
: - of the intercepting sewer system. » Two of the pumps are fitted with two- 


- screen and pump, and there are no cross connections between these unite. ae 
‘Screenings are discharged grinders” and returned to the sewage. 
y have an * 
average liquid depth of 1Oft. 
- _ After leaving the grit chambers, sewage flows through two conduits under — 
the main building, each conduit having a venturi tube. Following the venturi — 
- tubes, the two conduits are equipped with plates and piping for aerating the © 
sewage. This section of the conduits is 285 ft long and traverses a part of the so 
site left open, for the present, to provide for future structures. Chlorine is 
added to the sewage at the far end of these aerated conduits near the sedi- — 
eeennen tas tanks. The chlorination equipment i is housed in the main building. 
The sewage e then flows through a by-pass and control chamber to four 
— circular sedimentation tanks which provide a displacement period of 80 min at 4 
tated capacity. Each of these sedimentation tanks i is 160 ft in diameter, and Bs 2 
the side-water depth is 14.5 ft. Effluent from the sedimentation tanks flows 7 
into the Niagara River about 200 ft from shore, at a depth of about 40ft. =| ta P 
The suspended solids are ‘pumped from the sedimentation tanks t to four 
sludge storage tanks, having a total capacity of 750,000 cu ft, or 1.0 cu ft per ae 
capita. Each tank is 90 ft in diameter, with side and center depths of 27 ft re 
and 38 ft, respectively. , Each of of the tanks is equipped with a floating cover. ‘ce 
‘Inthe jeenber of the sp space occupied by the sludge storage tanks is a building 
- that houses sludge pumping and control equipment with provision for the 7 
| delivery of sludge at given rates into one or all of the four tanks, the transfer of ey 
sludge from one tank = another, , and to the building (see 
ee. The sludge disposal bu building contains three de-watering filters of the vacuum m > 
- type, three flash- -type sludge . incinerators, and the boiler plant for heating the 1 
oh - dudge storage tanks and all buildings. Each drum filter is 11.5 ft in diameter P43 
and 14 ft long, with a filtering area of 500 sq ft. It is estimated that these b 4 


- filters will de-water the sludge to a moisture content of 70%, at the s average rate - | 


of 5.0 lb of dry solids per sq ft per hr when conditioned with about 2. 0% ferric | 
a Sludge cake from the filters is discharged « on sto: a belt ¢ conveyer ethindine the 
“length of the building which, in turn, discharges to a cross conveyer where the pa 


’ sludge is weighed and elevated to another longitudinal conveyer which delivers _ 
Sludge cake, mixed with previously dried sludge, is delivered to flash dryers 
r in the sludge incinerators; thence it is blown into the furnaces for combustion. a a Bi 
x Any deficiency i in heat units is made up by burning oil or gas. — The sludge : : 
incinerators include ash-removal equipment, fly ash cyclones, and other ‘ 
Each of the | three incinerators has a rated capacity of 
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SEWAGE DISPOSAL 
tons of sludge cake (containing 70% moisture) per 24 hr. Two of the i ineiner- 4 nad 
ation units will probably be sufficient to dispose of the average quantity of q 
The various features” of the sewage treatment plant are connected by 
service tunnel along one side of which the main ventilating duct is constructed, 
-- several parts and buildings of the plant where sewage is exposed are 2 
i" provided with large ventilating | fans which withdraw air ‘ir and discharge it into 
this main . ventilating duct. The chimney of the treatment plant, rising 175 ft 4 
7. above the ground; is actually two concentric ducts. The inner of these is for 
- the hot gases from the sludge incinerators and the boiler plant, and the outer, or a j 


The main building the office poe 
blowers. ive the aerated conduits, chlorine equipment, and the plant water 


i treatment plant - ‘shown in ] Fig. 1a), ‘and of a sludge incineration unit in 
_-' The approximate total cost of seat main sewage pumping station and me 2 

treatment plant was $4,378,891, distributed as follows: remtbey 

of _ Preparation of site... 166,867 of 
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if Boiler plant equipment. 
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a which is equivalent to $4.67 per capita or 
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A summary of the estimated final costs the major of the wi 
treatment plant construction is shown in Table 8. For the most part, bids were 


successful bidders and a average | for each 


which unit price bids were received. 


Summary oF Bips on Unit PRICE 


- 


scription | i 


Earth excavation, in cubic yards 
Rock excavation, in cubic yards..................... <a 
Selected fill, in cubic yards 
Embankment, in cubic yards... 
Sheeting Left in Place: 
Wood, in thousand feet, board measure. . 
Steel, in pounds 
a. _ Wood, in thousand feet, board measure. 
Steel, in pounds 
| Timber piles, in linear feet 
Steel H-piles, in linear feet 
Steel reinforcement, in pounds 
Concrete, in Yards: 


Class B, fill 


Rubbed finish, in ven feet 


in square yards 

Ons bric. in cubic yards 
t-Iron Pipe, in Pounds: 
Bell-and-spigot, 12 ft ee 


Bell-and-spigot, specials 
J Flanged, 12 ft 
Flanged, 3 ft ha 12 ft 
Pound 
tructur: e in Pounds: Tse 
Miscellaneous —_ and iron 


Iron castings . 


Galvanized floor grating, in square feet . ee eas: 
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r the act oreating it, the Buffalo Sewer Authority teak taken o over r th 


ace and operation of | all of the sewers 


Administration and expense of main office 
a 


Construction work, insurance, 


of the city. j Thus, estimates of 


In round num- 


000 
-§9,000 


31, 1 500,08 


Ry 

— 
— 
— 
annual operating Costs include items Tor the maintenance ol lateral sewers, 
— 
— 
Be 

— 87000 
4000 
— 


= be derived from a charge based on water consumption; and that a 
- remainder (or $675,000 per yr) shall be derived from a charge to be | paid by al 
- taxable property in proportion to the assessed valuation. The portion of the _ 


te applicable to water use is ey of the water rates, and the portion spplicable 
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Hotmquist, Esa. (by letter) —The pollution of River 4 


sewage and wastes from Buffalo and other municipalities has been a matter 
of grave : and growing concern to the Sanitary ‘Engineering Division of f the ® State 
of Health ever since its organization in 1906. For many ‘Years, 
ee the polluted Niagara River has been the source of water supply for the cities — 
S of Lockport, Tonawanda, North Tonawanda, and ‘Niagara Falls, and ie 
ire. villages of Lewiston, N. Y. , Youngstown, and Fort Niagara, having a combined — 
a population of approximately 140, O00. Years ago, and before water-filtration — 
ag plants | had come into common use, these communities suffered repeated out- 
. , breaks and an extremely high incidence of typhoid fever. Niagara Falls, for — 
z example, prior to construction of its water-filtration plant in 1912, had the x 
highest typhoid- fever death rate of any city in the state, reaching a maximum — 
of 185 per hundred thousand in 1905 and averaging 131.2 for the 12-yr period — 
‘The installation of water-filtration and chlorination plants at Niagara Falls 
- in 1912 produced the immediate effect of lowering the typhoid death rate 
4 greatly. _ There has not been a single typhoid outbreak in the city traceable — 1! 
to ‘the public water supply since 1913, and there have been only two deaths 
from typhoid since 1925 from any cause. This naturally speaks well for the ) 
efficient operation of the city’s water-filtration plants. The improvements 


4 made to the water supplies of other communities along the Niagara River 


produced similar effects on the typhoid-fever death rates. 
as A number of investigations of the pollution of the ‘Niagara River by the 
a FF, a Department of Health have shown that the sewage 4 and wastes discharged into 
yak “3% the river from Buffalo have a tendency to become stratified | Isterally and to 
po pe “hug” the easterly shore of the easterly channel of the river. . This a ES 
# om aturally has afforded considerable protection to the water intakes which are 
near the westerly shore. This so-called ‘‘natural barrier” and the 


es greatly reduced typhoid-fever death rates, as a result of water-supply y improve 


_ ments, have been advanced as arguments against - construction of sewage 
treatment facilities by the city of Buffalo. 


Limitations in the Public Health Law made it difficult to act to require 
R installation of sewage treatment facilities by Buffalo in the face of reductions of — 
the typhoid-fever death rate which had occurred . Furthermore, industrial — 
il wastes were a large and important factor in the pollution of the Niagara River, 
*§ and the Public Health Law exempts industrial wastes from application of the — 
i law unless they are mixed with sewage. Over the course of many years the 

State Department of Health had tried repeatedly, but without success, to ‘o have 
- the laws amended to give it more authority to control pollution and to simplify 4 


the somewhat cumbersome procedures established for its ; enforcement. These a 
were some of the difficulties which the Department of Health had always an 


i encountered i in its repeated efforts to have Buffalo provide adequate treatme “a 
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au fifteen years showed clearly that pollution of the Niagara River was increas- 
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¢ ing, and that at times the lateral stratification of pollution in the river = q 
Ft not so effective a barrier as it was thought to be at one time. The Department _ a 
of Health always recognized, notwithstanding the reduction in typhoid fever 

; which had been achieved, that the situation was one which could easily lead to 

& an explosive outbreak under the failure of water-treatment processes. It was : 

for this reason that every effort was made to secure action by the City | of | 

igs ‘The entire matter of abatement of pollution along the Niagara frontier | 
“eame to a head” in 1931 when the governor was convinced by the state com- _ 

missioner of health that the situation held great promise fora calamity inthe __ 

future. Accordingly, the governor called into conference representatives 


of all the Niagara frontier municipalities and requested them to show cause : 
cBben4 orders should not be issued requiring the abatement of the dangerous ~ a 
i pollution. Buffalo, Tepresented by its mayor, commissioner of public works, 

and corporation counsel, admitted its responsibility for the pollution but ; 
z - claimed that it could not finance the cost of treatment works without greatly 

exceeding the limit of its borrowing power. The other “municipalities alongthe 
€ river agreed in effect to install treatment facilities as soon as Buffalo proceeded $ D 
2 wih a solution of its problem (which was, of course, the major problem). — ads 
the § good purpose of i impressing upon Buffalo and these ¢ communi- 
ties tha that pollution of the river could not be tolerated much longer. | The 


to make appropriations for public ag 
Se Then in ‘March, 1933, came a “wave of pollution” which swept down 
River and ‘through Lake Ontario, affecting practically. every water 
ant with intakes extending into either the Niagara River or Lake Ontario, . 
and causing an outbreak of about 10,000 cases of gastro-enteritis in the City of - 


iagara Falls. T and the threats to the lives and health of 

Funds were becoming available irom the U.S. Public Works ‘Maministention 
2 Aad about that time, and persistent efforts were made to induce the city to ; 
2 tee advantage of the. opportunity of federal aid for construction of the neces- 

Res facilities. Still the city did not move toward solution of this problem > 

through the construction of some storm-water relief sewers. pe 

_ Early in 1935 another wave of pollution swept down Niagara Riv er, which 

again threatened the safety of many public water supplies. The state com-— 
“missioner of health decided that positive action against the city must be —_— = 
and accordingly he instituted proceedings against Buffalo ‘early i in 1935, which a 
resulted in the prompt issuance of an order, approved | both by the governor on 

attorney general, and which contained the following. conditions: 

(1) That a consulting engineer be engaged by May 1, 108635: tea 


(2) That the purchase of the land for the worn be 
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“BULGER DISPOSAL an 
(3) That detailed plans and apudiintiins for we Bird Avenue storm draj 
ae be submitted to the State Department of Health for approval by September 1, 
‘That comprehensive plans for the interception and treatment of the 
entire city’s sanitary sewage, and necessary storm-water relief sewers, be sub- y ie te 
- mitted to the State Department of Health for approval by October 1, 1935; aa 
(5) That detailed plans and specifications for sewage treatment works and 
— sanitary sewer system be submitted to the State Department of Health for 
. approval by April 1, 1936, and that work be started by July 1, 1936, and s.. 
treatment works completed and placed in operation by October 1, 1937 and 
a (6) That by October 1, 1935, the City o of Buffalo submit to the State De 
- partment of Health, for approval, a satisfactory program for the construction — 
of the remaining interceptors, pumping stations, force mains, and storm-wate 
relief drains to provide for the interception and treatment of the sanitary 
sewage of the city, together with the ARR OP of storm-water flow to be 


vit However, its existing i indebtedness made it , impossible for Buffalo to finance — 


“the works by sxdinay methods. Accordingly, the city had legislation enacted 


The city received a 45% grant from the PWA, ‘amounting to ‘approximately 


Almost simultaneously the City of Niagara Falls undertook the construction oa 
a of intercepting sewers and sewage treatment works, which were completed i in 


1939. it was necessary, however, to take | steps s to order the cities of Tona- <% 


wanda and Nortli Tonawanda to install similar ‘works. With the installation — 
of treatment works for these two remaining cities, the chapter 0 of pollution of 
the Niagara River will be closed, and one of the most | st serious cases of pollution — 

in New York State will have been abated. Pan 


Arrnur J. 3 Esq. (by letter) —The author's purpose to record 


the project has been ably effected. The information is a valuable addition a 


some of the engineering data accumulated during the design and construction of 


statement of the factors leading to the selection ‘a the 


‘ annual costs to be raised by a charge based on water consumption, and its 2 
aa relation to that portion of the annual costs to be derived from an ad valorem — 
eA tax, J would have been both interesting and timely. Payment of annual costs _ 
_ for sewerage works by 4 a rental charge for services is not new, , but its use has 
been limited until the past few 3 years to a relatively small number of plants. we 
In principle the two-part rate adopted by the Buffalo 


_ -§ Director, Eng. Div., Federal Works Agency, Public Works Administration, Washington, D. C. ale 
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VELZY ox SEWAGE DISPOSAL 

struction funds in some cases, in a n of costs. 
oo However, in this procedure, operating expenses are usually paid entirely from oc 

a Digressing somewhat from the stated purpose of the e author, the project at 

Buffalo is is of peculiar interest because of its international aspect. Although 


to the nation since it has removed condition displeasing not only 
to the citizens of Buffalo but also to the nation’s good neighbors in the north -? > 
as well. Furthermore, this project i is an example of the influence of the Public _ 
- Works Administration in materially accelerating the job of removing undue __ 


~The Buffalo Authority and its to be on a job 


be, R. Veuzy, ‘ M. Am. Soc. C. E. (by letter) —Some of the 


results of the sewage treatment works at Buffalo are reported herein, with - 
comments on the accomplishments thus far attained by the sewage a = 


‘The first sewage, amounting to about 20 mgd, was turned into the - Satis 
ceptor on June 18, 1938. Following that date, other connections from various _ 


ne a parts of the Buffalo sewer system were opened into the interceptor until, by 
a | & July 1, 1938, the entire flow of the city was being received, pumped, and ve ll ba. 
ly i % at the treatment works. Although final construction was not completed . 


a more than a year thereafter, the structures essential to the starting of treatment — 
‘Ss were ready for use on this date, and treatment has continued w without ‘interrup-— 7 


te 


ee Records of operating results have been kept from the beginning, some of 
_ the more pertinent being included in Table 9. Where available, corresponding Le 


of data from the bases of design are shown. It should be borne in mind that, due 
to construction and testing activities during the first eighteen months of opera- 
zr “at tion, the results do not, in all cases, represent normal conditions. _ Partial al 


interruption of ‘settling tank operation and return of heavy supernatant to the ‘_ 


J 
a 


tanks during interruptions in sludge disposal processes are illustrative 
to ‘Table 9(a) contains data on population and flows. It is worthy of note aa 
a that the population has not increased as rapidly as was expected in 1935. The 
ee | average flow has been very | close to the rate estimated, but, as might be ex- ‘ 

: pected, maximum rates have varied somewhat from the estimate. The maxi- - 
m _ ‘mum rate of 560 mgd occurred on September 14, 1938, and lasted about one a 
as Sos The data on grit and suspended solids shown in Table 9(b) indicate raw =: 
i ‘Sewage characteristics in accordance with the bases of design. The removal of pe 
“ _ suspended solids was handicapped by necessary irregularity in plant operation. — 


Results obtained in some of the more normal months indicate that the removal er 
will range from 43% to 50%, with an effluent containing somewhat less dies 7 
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the demand has been are wide v variations 
in short-period demand due to return of heavy supernatant and also o apparently . 
= to the occasional discharge of industrial wastes of high demand. By hourly 
‘TABLE 9. — OPERATING Data, SEWAGE DIsPosaL Prosecr 


Mag 


July, 2008, duly, 1999 


June, 1939 Jenuathy 1940 


nal 


Population 

Average, in gallons per capita per 24 hr 
Average, in million gallons per 24 hr 
Maximum monthly average, in million gallons} — 

daily 

Maximum daily flow, in million gallons is 
Maximum rate, in million gallons daily les 


i} 


640,000 600,000 600,000 
217 babi 


130 


8 


68, 


6. 


In pounds per in par per 24 tr 

Percentage removal 

Removal, in pounds per 24 hr. ah 
Grit, in cubic yards per million gallons. 


88,000 


Demand, in parts per million 7 

13 Average use, in pounds per 24 hr. 

[Percentage Kill of Coliform Bacteria: 

Maximum monthly average..... 
Minimum monthly average. . 
ie Average 


(c) CHLORINATION 


asso” 
riod 
wot 


| Volatile matter in raw sludge. . 
Moisture in digested sludge 


96. 6 


820,000 


20 | Volatile matter in digested sludge. . 
21 Gas production, in cubic feet per 24 hr. 


22 


2to3 


—|Percentage of 
Ferric chloride in dry solids. 


Lime (C a0) in dry solids 
_ Moisture in sludge cake 


isi 


253 


27 
m9 hour 
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sampling and testing, the application of chlorine is vous to follow the require- a 


- ments closely, and a satisfactory kill of coliform bacteria is maintained at all 
ar 


times as shown in Table 9(c). 
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be ee fr, The raw aw sludge has been  ccamaten’ by low moisture content and a ar 
percentage of volatile matter. . The volatile content was affected by return of 


supernatant which w: was in volatile matter. Gas production has been 


< 2 has been particularly successful in the low moisture obtained in the 


sludge cake and in the relatively high filtering rate. i The rate for the last six a 


oa months of 1939 was 8.3 lb of dry solids per s sq ft , per hr a as s compared to @ guar. — 
Bar antee of 5 lb. The maximum rate of 13.4 lb per sq ft per hr was reached in 


3 August, 1939. It is expected that refinement in the control of the application — ; 


of chemicals will result i in | the use of less chemicals ‘than have thus far been 


S: During the first year, the incinerators were under tests most of the tine ot 


Be and rates of burning were not recorded. However, from J uly, 1939, toJ anuary, 


* determine the rate of sewage flow at which spilling over the overflow weir ay 
the outfall takes place, | observations of the hydraulic grade line through the | 
_ plant for a high and a low rate of flow are shown in Fig. 8. ee 


Before July 1, 1938 


Biochemical Oxygen Demand, in Parts per Million ® 


A—~atter Jul 
Flow, in Cubic Feet per Second 


Fre. 9. IN RIvER 


Under 


objectives of the sewage disposal project. observations of the border- 


. sing waterways have been made by the laboratory staff under the direction of 
mie George E. Symons who has charge of the a work of the Buffalo Sewer 


ay . 


1940, the rates of burning of dry solids have averaged 2,610 lb per furnace — 
hour as to a guarantee of 2,500 Ib per furnace hour. 


; 


wall 
F 
amounting to 0.93 cu ft per capita per day. These data are shown in Table 
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Results of observations on the conditions in the Buffalo River before the 


treatment works went into operation on and after they v were in operation ni <a 


: per se sec. tt will be noted that the data taken after July 1, 1938, even for a 
ower average flow, show a definite de decrease in 5-day B.O. Hig bier 
showed a reduction in coliform bacteria of 43%. A definite increase in dis- ‘ 
eat _ solved | oxygen is evident i in that, before July, : 1938, it was found only in flows 
3 greater than about 160 cu ft p per sec, whereas, after that date, it was found i in - 
Some parts of Buffalo Harbor are directly affected by the Buffalo River. 
These parts enjoyed an improvement corresponding to the improvement in the + 
aC river. Before July, 1938, Black Rock Harbor became quite septic in the sum- 
mer months, with a high bio-chemical oxygen demand and coliform content. . 
_ This was s due to the discharge of one of the main sewer outlets into the harbor. a. 
After the treatment works went into operation, the waters of this harbor became 
. fresh, with a dissolved oxygen content of about 6 to 7 ppm in the summer — 
months. eduction i in a 5- day B.O. -D. is shown in Table 


RISON OF Bro- CHEMICAL OXYGEN DEMAND, = 
N Parts PER MILLION 


a 


Janu-| Feb- 
ary |ruary 


m-. Monthly samples have been taken and analyses made on the Niagara Siete: 
and it has been observed that the quantities of coliform bacteria have been — 


5 ope about agg from the average for some two years previous to the begin- 


eh My intercepting Scajaquada Creek the Main Intercepting Sewer has re- 

a moved a flow of sewage from Park Lake, an attractive body of water in Dela- Pee 

Park, and has thus eliminated a serious odor nuisance which previously 

prevailed during thesummer months, 

Ww ith th the completion of construction and testing, normal operating results F 
as well as refinements and economies are anticipated. Further work on in- p23 ; 
dustrial waste disposal, with the continuation of excellent cooperation from 


the industries involved, will r result in further improvement in n the condition of 


4 _ The operating results at the treatment works and the effects upon the water- 

4 ways of Buffalo obtained during these first months of operation indicate the hs 
soundness of the bases of design and show accomplishment of the objectives i 
which described i in Mr. Greeley’s paper. 


sludge deposits and the return of game fish immediately below Buffalo are 


—— — 
— 

a — 
| foursampling stations in the middle stretches of the river somewhat above the 
f< 
March] April | May | June | July tem- cem- ‘a a 
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M. M. Am. Soc. C. (by letter) —The tunnel crossing 
ae under the Buffalo River and the main crossing under Black Rock Harbor to the — er 
sewage treatment plant are described briefly in this paper. Two additional i 
— crossings, not mentioned by name in Mr. Greeley’s 8 paper, were built under, on) 
Cazenovia Creek and Scajaquada Creek. of this kind are frequently 


channel depth of abo ut 20 ft. 


This was th the only one of the four stream crossings at which active 


Although the Buffalo River i is considered navigable as fe ar as Avenue 


provide for future navigation, the required depth over the crossing structuia, 
“ay was 30 ft. Actually, this crossing was constructed in rock tunnel at a greater — er 


a ian Cazenovia Creek and Scajaquada Creek are about 120 ft wide and 50 ft = 


“sition of or organic solids at minimum and sufficient to scour ‘sand and grit at 
; maximum flows, with reasonably low loss of head. Other controlling factors ca 
were > simplicity of simplicity of operation, ease of inspection and 


conduits were e used for all of the crossings. Those for Cazenovia 
_ Creek and Scajaquada Creek are circular reinforced concrete pipes encased in 


larger a rectangular section with the longer dimension vertical with 
semicircular crown. The harbor crossing consisted of two pipes of equal 3 
diameter. For all except the harbor crossing, where flow i is controlled manually 
by sluice gates, dry w veather flow is confined to the smaller pipes by means of 
Table 11 presents data sewage quantities, | pipe | sizes, velocities, and 
less estimated loss of head for the four crossings. In the two creek crossings the — * 
pipes are of the same cross sections throughout their lengths and the inlet and + 
aos outlet portions are sloped ¢ down from inlet chambers and up to outlet chambers 
which meet the inverts of the « connecting | sewers. The | river r and baht 
. : crossings have vertical inlet and outlet shafts, and in the case of the river 
-—erosig the uptake pipes in the outlet shaft are reduced in size to 30-in. 
diameter and 48-in. by 54-in. rectangular to provide slightly higher ‘velocities 


tae 


4 
77 
head of the 
— ids at the he 
hich carries traffic past the 400 ft, a channel 
4 it has a total width o To allow for a 
— river. At the point of ‘a clear depth 
width of about 250 f 27 ft, war d from low water datum. 
avigable depth o tructure, measure 
— future n 2 ft over the crossing s iP 
not less than 32 ft « 
4 
low low water 
Bis some 200 tt wide 
— 
— 
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= 
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Inlet and outlet chambers for the river are 
with removable slabs to permit introduction of dewatering pumps and other oa 
‘e equipment which may be useful in connection with inspection and cleaning. 
During dry-weather fi flow, the larger pipes of the creek crossings may be om ot is 
TABLE 11. Data FoR STREAM CrossiNes, 


Quantit1es, | DIAMETERS, 

Datty 


Min-| Aver- eae! eee i Max- | maxi- 
i i imum} mum 


flow 

(9) | (10) 


igs 


Seajaquada Creek. 
Buffalo River 
Black Rock Harbor... 


Special shape (48 in. by 77in.),area=24sqft. 
seq Maximum velocities occur in the smaller pipes just before the larger pi come into service. 
vantage is taken of an available head somewhat higher than the head available at maximum total flow 


and inspected without disturbing the flow it in the smaller pipes. Inspection 


the larger p pipes. Sluice gates are re provided at both the inlet and outlet 


a ends of the river and harbor crossings to permit diversion of flow to either pipe 


the other is being inspected. 
- ‘The outlet structure of the Buffalo River crossing g includes a separate a access ; 

shaft between the two riser pipes sufficiently large to accommodate a dewatering . 

qe pump and other equipment | that may be needed. 2 Manholes at the bottom Oo ee. 


shaft permit access into the horizontal cros: crossing g pipes, and gate valves are 


provided for draining the pipesinto the shaft. 


The harbor crossing | riser pipes are within the inlet chamber of the main 

pumping station at treatment plant. are) vertical tubes, 8 ft in 

diameter, opening into surge chambers with a an overflow ¢ connection to the river. _ rs 
These tubes extend 2 ft below the inverts of the horizontal crossing pipes to 
form pockets for the collection of large stones which may not be carried upward, 


3 and from which material may be periodically cleaned by means of a bry Al 


‘two sections, confining the stream flow to the inactive half of the work. oe 
from occasional flooding from high water, no unusual difficulties were 


y _ Alternate methods of construction, open cut or rock tunnel, were available 
to bidders on the Buffalo River crossing. The low bid was for rock tunnel and 
my ~ contractor exercised his option to construct the tunnel at a lower elevation — 
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ven so, it was found necessary to install timbering for roof support. Deis: zs 

sional grouting of seams successfully controlled the flow of water into the sak 

a nt Borings had shown the material at the site of the Black Rock Harbor 
crossing to be unsuitable for tunneling. Accordingly, the construction m method 
was open 1 cut, either by cofferdams or -subaqueous 


re _ been required to provide siefliciont widths and depths of channels at either side 4 


Approximate average ‘construction costs for the 


‘The crossings were placed in operation in J une, 1938, end have. given aot 
sati isfactory service. No operating difficulties have been encountered and there _ 
ieee The foregoing discussion of one feature of the work on the Buffalo nauk 
is pereene | in more detail than the relative importance of this feature should 
"warrant. _ Nevertheless, it has seemed that the material presented may be a 
iam value i in acquainting the reader with some of the detailed considerations which 
entered into the design. The paper itself is an admirably complete and concise — 


_ review w of the essential features of the | project and contains sufficient detailed 


‘manner in in which it wes solved. 


SAMUEL A M. Am. C. E. (by, letter) —The writer was: 


ie “very much interested in the discussions submitted. Those by Messrs. Velzy 
_ and Niles add much of interest to the record of the engineering data of the 


; ae Bulger comments on the two-part rate schedule : adopted by the Bulfalo 
Sewer Authority to provide the necessary annual revenue. The collection of 
a ‘Tevenues t under this two-part rate schedule was done for two complete fiscal 


c years on June 30, 1940, and the results were gratifying. The following ci 
> - quoted from a publication of the Manufacturers and Traders Trust ps ae 


“Receipts for the fiscal year 1938-1939] have been uniformly good, 
i ‘being 94+ % of that part of the Sewer Rent based upon assessed valuation — 3 
ae property and 93+% for that part of Sewer Rent based upon ¥ water 
i 


on the lans in order to obtai 1 more iavora 
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a - The purpose of the two-part rate schedule is to prov ide equity in the con- 
tribution of persons to the necessary annual revenue. The two-part rate has a 

i been commented on in a publication of general interest by the Buffalo Sewer ae 


Buffalo i in trying to fix upon the most equitable 
paint of raising the money to pay for building and operating the new 
Bp: sewer system, decided that it would be unfair to put the entire burden on ae 
e # real estate owners; also, that it would be unfair to put the entire burden 
ig a on water users. After a very thorough and painstaking ‘study of all of the en 
it was decided to divide the expense. 
“Fifty-five percent of the annual revenue, or $825,000, is on 
Bet “the basis of water use, and forty-five percent, or $675,000, is collected as 
charge for disposal service computed on the basis of 
Iti is the writer’ opinion the two- -part rate permits equitable distribu- 
tion of the cost of sewerage and sewage disposal service, particularly in cities .: hy 
having. combined sewers, such as Buffalo, 
any 
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FUNCTIONAL DESIGN OF FLOOD CONTROL 4 


PosEy,* Jun. AM. Soc. C. E., AND Fu- TE Esq. 


Discusston BY M Messrs. EpWARD ‘Soucex, J. C. STEVENS, Epwarp J. 
Bepnarski, Rotanp A. KAMPMEIER, E. Foster, SHERMAN 
M. Kinpincer, P. WiLtHELM WERNER, WaLpo E. Smita, 
Jones, W. C. Hammatt, AND C. J. AND Fu-TEe 


system has been explained in detail by M. Woodward,* M. Am. Soc. 
Mr. Woodward’s “‘five-sixths rule,” which heretofore has provided the 
e oaly. direct method for the functional design ‘computations, is limited in its 
application to reservoirs of such proportions that the maximum outflow is 
small with the average | inflow during the flood, and to reservoirs 


valleys of a wide range of morphological configuration. “although the 
ships derived can be used in the design of multiple-purpose 


present discussion is restricted to reservoirs for flood control only. 
‘s. ail necessary preliminary step is the estimation of the maximum m flood run- 
off that may occur at the given site. This is usually based upon a ee 
—_— of ‘meteorological and hydrological data, and includes a determination of 


of the flood hydrograph, | as well as its volume. ee Methods « of making — 


Norg.—Published in October, 1939, Presesdings. otic, — 
1 Associate Engr., Iowa Inst. of Hydr. Research; Associate Prof. of Hydraulics and Structural Eng., * 
var ae State Univ. of Iowa, Iowa City, Iowa. Mr. Posey transferred to Associate Member on April 10, 1939. 
 #Prof., Coll. of Eng., National Southwest United Univ., Kuenming, Yunnan, China; formerly 
Graduate Student, Dept. of Mechanics and Hydraulics, State Univ. of lowa, Iowa City, Iowa. 


me ‘Hydraulics of the Miami Flood Control Project,”” by Sherman M. Woodward, Technical Reports 
of the Miami Conservancy District, State of Ohio (1920), ‘Part VII, Chapter XII, XII, P. 
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determination of the relation between the storage space that must be provided 
and the corresponding reduction of the flood peak. The method of incor- 
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hese studies have been the subject of extended discussion in peiend years,! 
an d further treatment is not necessary in this paper. Suffice to it say that | 
the flood hydrograph used for the design i is made somewhat. — than the . a 


maximum probable flood to provide a margin of safety. Yo matter how 

carefully this work is done, the design flood will have the kind of uncertainty — a i. 

that is attached to any prediction of future events. This sets a limit of accu q 
As 


ve 


beyond which it is useless to carry subsequent computations. 


S toode order to determine the storage necessary to accomplish a desired reduc- 


tion of peak flood flow, it is necessary to route the design flood through the 
-_teservoir—that is, to compute the moderating effect of the reservoir storage ae a3 


In general, Sood-eouting: methods are of two types: 


(1) Step methods, in which ‘the flood inflow | hydrograph is divided into 
_ steps or time intervals of such short duration that during each one the inflow s 
_ and outflow rates may be assumed to be constant. The actual depth-capacity ra 
data for the reservoir site are used and the discharge-depth relation must be 4 
a * known. An irregular inflow hydrograph | may be approximated, as closely as a 
desired, by using a large number of steps. 
(2) Integration methods, in which the given flood hydrograph is replaced 
a by an equivalent flood of uniform intensity. The depth-capacity data are 


_Tepresented by an empirical formula. It is necessary to know only the ex- 


on 


‘ 


ponent and approximate sero-depth of the. discharge- depth relation. 
The first step methods to be used required a tria 


and-error solution of each 
* step. . Later, graphical methods were developed which eliminated this cut-— f 
try process. 5 Results of the step computations include the outflow and 
stage at the end of each step, so that step methods are well adapted for opera- 
tion studies. — In application to functional design, however, step methods sare 
indirect. It is necessary first to assume the size of the outlet. toll he « corre- es 
pao maximum storage and maximum outflow are determined by means 
of routing computations. _ Another size of outlet is then assumed, and the — 
a - process i is repeated u until the desired part of the curve representing the relation — 
K : between storage and percentage reduction in flood peak has been obtained. + 
_ On the other hand, integration methods give the storage required for a given x El 


‘maximum ‘outflow directly, with considerable s: saving of time and labor. 


Depth-Capacity Exponent.—The relation between depths and 
the reservoir may be represented by an n empirical expression of the form 


a | which: s is the storage ¢ capacity of the r reservoir at a . depth h; hi is the depth | 

He of water above outlet; C is a constant; and m is the “depth-capacity” exponent. ar 

For the determination of m, logarithmic plotting i is used. The depths oe. ig 3 
- outlet location (zero depth of the orifice type of outlet, or the crest of a weir va 


= t ‘ Technical Reports of the Miami Conservancy District, Part V; also ne - of Run-Off Char 
eri neal by Otto H. Meyer, Assoc. M. Am. Soc. C. E., Proceedings, Am. Soc. .» November, 1938, — 
p. 


_ §“Slide Rule for Routing Floods through Storage Reservoirs or Lakes,” by C. J. Posey, Engineering 
News-Record, April 25, 1935, Vol. 114, p. 
why ***Hydraulics of the Miami Aveta District, ” by Sherman M. Woodward, Technical Reports of 
the M Miami Conservancy District, Part vil, : 
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type of outlet) are plotted as ordinates and the capacities 
abscissas. A straight line best. fitting the plotted points is drawn, Ths 
— m is the reciprocal of the slope of the line, the slope being measured ee 

directly with a scale having uniformly spaced divisions, disregarding the 
' logarithmic scale of the plot. The constant C is not stead in the analysis. é: 

ye” * similar procedure may be followed with the depth-area data, and the 
depth- capacity exponent found by integration of the. empirical relation, 
_ determined. It is better, however, to determine the depth-capacity exponent 
Boies sie because integration of the empirical relation derived by logarithmic 


plotting i is more likely to introduce error than ‘numerical summation of the 


In studying the curves for more than 250 reservoir sites 
was found to vary from 1.03 to 4.74. The following classification, given by 
= RA Sutherland, Assoc. M. Am. Soc. C. E., was found to be. justified. Sid a 


a 9A In almost all cases, the points lay very nearly along a straight te on the a 


7 logarithmic plot. The use of the exponential formula to obtain capacities at a 

a higher levels than those for which survey data | are available is inadvisable. a 

ye § For some sites, the logarithmic plot will follow a straight line over a con- id 
siderable depth, , and then deviate sharply to one side. For others, the points cae 
oe he. will lie on a & curve. - Since volumes near the bottom of the reservoir are rela- wee 
tively insignificant, it is important that the best straight line should fit the 

; ~~ q data at the higher levels most closely. If the straight line is a close approxims- ae 

tion to the data at higher” levels, discrepancies" at the lower levels can be 
ignored, with inappreciable error in the results. ‘Some judgment i is required 
+ n deciding whether the degree of approximation i is satisfactory.  Norigidrule 

‘can be formulated. In doubtful cases: a check should be made by 


Equivalent ‘Uniform m Flood: equivalent uniform flood corresponding 
toa a given irregular flood hydrograph i is a flood of uniform intensity, having — 
the same total inflow as the given flood, which will produce the same a 

o amount of storage with the same maximum rate of outflow from the reservoir. ve 

Itis s possible to determine a uniform flood exactly equivalent to a given irregular 

; flood by detailed routing computations. It has been found, however, that ” ig 


even for hydrographs differing considerably from rectangular, it is not difficult © 
to select, arbitrarily, an equivalent uniform flood that will give ‘results suffi- * 
7M ciently accurate for design purposes. For example, consider the triangular 
flood : shown in in Fig. 1. _ This flood | was routed by the step method through ta 
reservoir (m = 2. 5) with the orifice type of outlet. The maximum outflow 
a ae reached was 5,160 acre-ft per hr and the maximum storage, 117,100 acre-ft. a ; 
Aspects of Water Conservation,” by R. A. Sutherland, Transactions, Am. Soc. C. E., 
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. FLOOD ‘CONTROL RESERVOIRS 


“ep method the maximum rate of outflow reached was f 
hr, which is very close to the value obtained for the 


100 Acre.Ft 


The error in the e maximum 0 outflow rate and the he maximum storage, corre- 
sponding to different assumptions | for the duration of the uniform flood, is a 


-givenin Table1. Itisseen that any estimate for the duration of the equivalent 


.—ERRORS IN T ‘THE M OvuTFLOW 


assum, tion, 
inhours 


} Maximum 
| outflow rate, O, 
in 


per hou 


uniform flood between the values of 38 hr and 42 hr gives satisfactory accuracy, 
in this case. Similar results from other comparisons made by the writers 
confirm the belief that arbitrary selection of equivalent uniform floods is not 
difficult. _ It should be remembered that there is considerable uncertainty in — 
the shape and volume of the “design” hydrograph. } 
Outflow Ratio. —The outflow ratio, 2, is the the maximum 


Ee the reservoir to the uniform inflow of the rectangular flood. It is the 


Percentage error Maximum Percentage error 
in maximum storage, S, | in maximum 


outflow rate — storage 


same as the “‘protection ratio” defined by Mr. ‘Woodward. & The writers recom- 
‘mend that the name “protection ratio” be abandoned as misleading. 


The is s the r ratio of the maximum reservoir storage 


a - during the flood to the total volume of the uniform flood. By definition, then, eo z 


— 
— 
— 
the duration 7 of an equivalent unliorm flood is assumed 4 
a ity I should be equal to the total volume of the flood divide iter. eee —— 
4 
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= _depth-capacity exponent, m, the outflow ratio, z, and the exponent governing oe: 
5 eo discharge of the outlets. The writers have computed values of d over opts 
the practical range of the outflow ratio and depth-capacity exponent, for 


servoirs with orifice-type outlets (Table 2(a)) and for reservoirs with weir- oe 


re lo 


direc: ‘TABLE 2.—Vatues or THE DETENTION RaTIO FOR RESERVOIRS 


fo 


0.794 0.722 0.480 
0.771 0.692 0.441 
0.757 «| «0.674 
0.748 | 0.662_ 
0741 | 
0.736 
0.732 
0.726 
0.722 
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type outlets (Table 2(b)). - The values of d were computed with the aid of the coe 


infinite series developed in the Appendix. can be checked (indirectly) 


by any of the standard step methods. oftul att oF 
_ It is worth noting that for manually controlled outlets operated at re 


— ___in which d is the detention ratio. S is the maximum storage, and is the ae 
4 
Values of m z=08 
— 
4 
— 
: 
— 
— 
. 
— 
a 
— 
— 
— 
— 
of flood control reservoirs will be illustrated by two examples. 
Example 1.—Find the relation between the maximum outflow and the 
= a prs storage required for controlling a flood of 50,000 acre-ft in 24 hr by an orifices § 
outlet reservoir at reservoir site A, Fig. 2. T he depth-capacity exponent for 


FLOOD CONTROL 


Detention ratio, d, 
= 


ps pst ed ete lo 52 30300 


flow and the storage required can be plotted from the data i in Columns @ 


deo. 


+ 


= 


i 


ia 


‘Fie. Curve ror Reservore “A” 


ee Ezample 2. —Assum ne that, for the same example, political or other non- 


_ engineering reasons dictate that the maximum storage available shall be 


re 
5, 000 acre-ft. What is the maximum flood reduction which may be obtained ae p 


by the construction of a reservoir with an orifice type of outlet? By Equation ie 


Q),d= 50. From” Table 2(a)—for m =2. 25, . d= 0.50— 

= 0.595. Benes, the maximum outflow = I= 0.595 X 2,080 =1, 240 
sere: -ft per hr. If the weir type of outlet is used instead of the orifice type, a 

from Table 2(b)—for m = 2. 25, and d=0. 50—z = 0.725. Hence, the maxi- 


mum = 0.725 X 2,080 = 1,510 acre- ft per per hr. 


self-explanatory. . The curve showing the relation between the maximum out- 


— 
& 
if 
a 
— 
— 
— 
fee 
— 
— 
— 


FLOOD CONTROL RESERVOIRS: 


Manually-Contrlled Outlets—There has been much argument as to the 
~ "relative merits of manually-controlled and automatic (fixed) outlet structures 
: for flood control reservoirs. Comparisons based upon items as difficult to 
aoe evaluate as fallibility should be postponed until the relative economy has been 
investigated. Tabulated values of the detention ratio afford an easy ‘approach 


to such ch study. For example, assume that reservoir Example 1 is 


= 24 hr to 1,000 acre-ft per hr, and that the average cost of eens near the tn: : 
ee the reservoir is $30 per acre- ft. By interpolation in Table 3 the storage ‘ 
— if orifice- -type outlets | are used, is found to be 29,900 acre-ft. | With 
manually- controlled outlets, an efficiency of 100% could “presumably be 

- Teached, in which case 25,900 acre-ft of storage would be required. The ss 

‘saving in storage is 4,000 acre-ft, representing $120,000. if manually- 

trolled outlets : are be economical, this $120, 000 must exceed | the capitalized 


any difference in the original cost of the outlets. 


‘ 


The writers are indebted to Mr. Woodward, pioneer in the development ee 

methods for flood routing, whose derivation of an expression similar to Equa- 

RS: J tion (19) of the Appendix provided the clue that led to the development of the 
~~ eoncept of the he detention ratio, and to its evaluation. ") They are also indebted — 

to E. W. Lane, M. Am. Soc. C. E., and Joseph W. Howe, Assoc. M. Am. m.toe 
E., for helpful suggestions sad This paper summarizes the 

principal findings of a thesis s submitted by Mr. I I to the Graduate College of resi 

the State University of Iowa, in partial fulfillment of the requirements for the S a 


dt = o dt +. ds... 


= increment ‘of 


in whieh n is 0. 5 for orifice ice type of and 15 ‘for the weir ‘type. The 
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bas te 


ay dt = 


For a during anh entire flood period, 


‘raneposing ani co ecting ike terms, 


iF 


Integrating, term by term, at 
er Tell 


value S, aa the ennbee rate its maximum value O. At this instant, Equation } 


— ntial function of 
— 
— 
4 
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the end of t 
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If the ratio. of maximum outflow to inflow is denoted by z, the 
Be a “outflow ratio,” the total inflow during the flood period will be aa od} re 
total outflow during the period, is to the total 


(di 4 
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he average outflow durin, the period 7’ is 


fea) 
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aia 


it 


mie 


ras x approaches zero: 


whieh follows from the definitions of d, r, , and zr. _ Equations (18) and (20) a 
iy were used in in ‘computing the values of the detention 1 ratio given in Table 2. sae 
‘Time of Emptying. —The time required to empty a Teservoir after the cessa- 
ta of the uniform flood is found by letting the inflow « equal zero in Equation 
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— : irect division the following expression is obtained, which eae 7 
— 
— 
— 
— 
— 
— 
— 
— 


: 
hich then b (ty >} > 


when m — n= zero. From Equation (24), 


The total time T’ required to empty the basin after the uniform 1 flood ceases sf 
is found by letting o equal zero i in Equation (25) and therefore 


od) has id 16 saw} ouft axtolian in h od? aod ¥ fs 
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: of the given flood, the writer found that the least deviation of accumulated 


te 


; 
iS 
-Epwarp Jun. Am. Soc. C. E. (by letter) ve very “convenient 


ethod for analysis of the action of flood control reservoirs with fixed outlets — LR 
has been | given by the authors. The selection of an equivalent uniform flood 
to represent a given ‘non-rectangular inflow hydrograph 1 may prove trouble. 
some, despite the assurance of the authors that this operation is not difficult. “f 


+3 A 40-1 hr uniform flood of equal total inflow is proved to be ‘ “equivalent” to the a 


<a triangular flood shown in Fig. 1 for a particular outflow rate but no basis for 


the pre-selection of this duration is given. It seems that errors in estimates 2 

of the duration of the rectangular flood considerably exceeding those of 5% 

san It is true that the paper deals primarily with ‘the use of the rectangular — =r 

‘flood—not its determination—so if it were not for the example given, “this 

: ‘question would not be raised. \ The writer believes that the latitude which is a 

a possible in the establishment of the equivalent uniform flood is reduced if its : 

a total inflow is made equal to that of the hydrograph which is to be replaced — 
only up to the time of maximum outflow. The inflow rate after this instant — 

_ may remain constant indefinitely or may drop immediately to zero without = 
effect upon either the maximum outflow rate or the maximum storage volume. 
Tt appears that the exclusion of an extraneous part of the inflow ai $i 

“makes the selection of a rectangular flood easier. — 

Considering the triangular hydrograph shown in Fig. 1, if a maximum 4 

outflow rate of 5,160 acre-ft pe per hr is contemplated, the maximum storage and 
outflow rate occur 32.8 hr after the beginning of the flood. The total inflow ‘ 
up to this time is 253,000 acre-ft. The remaining 40,000 aniedl of inflow all iy 
the corresponding 15.2 hr of time are neglected. By plotting a mass curve ® 


a close chi on the -method solution. This elementary proced 
om may merely prove the contention of the authors that the selection of the equiva 
lent uniform flood is easy but is intended to substantiate a preference regarding — 


- In Table 2, the small effect on the detention ratio of considerable varia 

i the depth-capacity exponent is very significant. Since the point of zero 

Ss is fixed by the elevation « of the outlets, a monomial exponential function — 
_ cannot be fitted to the data as accurately a as would be the case if the point of el 
es depth could be adjusted at will. This restriction is apparently unimpor- a 


For orifice-type outlets, the depth-« discharge exponent may be expected to 
en sensibly constant at the value of 0.5. For weir-type outlets, however, ¥ 


— use of 1.5 for the depth-discharge exponent is somewhat in error, owing a 
Engr, The Panama Canal, Diablo Height, ConalZone 
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to the » tendency for te constant B in Equation (5) to increase with the head. 
ahs When only instantaneous discharges are being considered, the use of a constant — 
exponent and a varying | coefficient is justified by the resulting convenience of , Pi 
calculation. a monomial exponential function with both the coefficient 
kg and exponent held constant is necessary, it might be better to modify the 
Assuming what | appeared to be a reasonable variation of the coeffi- 
cient B with the head, the writer plotted logarithmic Tating | curves for ogee 7 . 
_ gpillways designed for 5-ft, 10-ft, and 20-ft heads and found that the exponent == 
1.6 represented the depth-discharge relation better than the exponent 1.5. = 
_ The effect is smaller than might be anticipated from the variation in B borg 
was used—a linear variation from 3.1 at zero head to 4.0 at the design head. — 
in the case of the depth- ~capacity exponent, the seems unimpor- 
J.C. STEVENS,’ Am. E. (by letter) —By ‘substituting a uniform 
- inflow for the variable inflow of the actual flood, the authors of this paper a 
propose to simplify the problem of routing floods through reservoirs. This | _ 
", ~ uniform inflow is selected by trial to have such a duration T’ that it will leave 
- ‘the s same volume s stored in the reservoir, and produce the same maximum rate — 
~ of outflow as the actual flood event. It cannot determine a any rate of outflow . 


*) other than the maximum; yet other values of the outflow during the flood are 

frequently of considerable importance. Neither can it determine the time of 

mT of the actual outflow, which is s generally of paramount importance. 


_ _ The question arises as to whether the simplification resulting from this 
_ method of approach is not more apparent than real, and whether one might not 
if solve the problem for the actual flood event in less time than that taken to find 

_ the “equivalent uniform flood, ” particularly i if it isimportant to know the actual 


For example, consider the basic relationship given in (4). Since 


both the outflow and the storage capacity are ‘single-valued | functions of 


(27) 


nt. Ifa acurveis 

ov ge or if a table of storage increments corresponding to outflow increments 

at various values. of outflow is ‘compiled, it is possible to obtain the function | a 
f'(0) and, once for all, have the essential data to route any flood through that 7 

= any finite ne interval; i = average inflow during that interval; 
01 = outflow at the beginning of that interval; 02 = outflow at the end of that 


interval; and @ = slope of the outflow “storage | curve as explained for 


the average ze value of outflow during that interval; ; that i is, — = f’(o) om 


*Cons. Hydr. Engr. (Stevens & Koon), Portland, Ore, 

= *‘‘Computing Reservoir Outflow and Height from Inflow and Capacity.” by J.C. ‘Stevens, 
3 News-Record, December 22, 1921, p. 1081, Equations 2 and 3. 
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It is well to fix of well i in merely means that for 
each cfs-increment (cfs = cubic feet per second) in outflow the storage i oe 


mentis@sfd (second- foot-day; increment may beeither + or —). 
TABLE 4.— VALUES oF ror Use IN ROvTING Froop 


Li 
Qutfiow,* o 5 | 17. 20. 22.7 | 25.6| 29.1 2| 46.0 

Difference, Ao “2. 4 2.6 2.9 3.5 3.9 ‘ 48 ‘ 

28 Storage,t 8 [235 | 262 | 289 | 316 343 ‘370 | 426 

(104 9.3 $77 69 67 67 58 

— 

* In thousands of cubic feet per second. _t¢ In thousands of second-foot-days. 


TABLE 5.—Compurations ‘FOR Routine THE FLoop or NoveMBER- 
Decemper, 1917, Corur p’ALENE Lake, IpaHo 
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Solving outflow at the of the time interval io 103 


"Starting with a n initial the 02 is direetly, 


becomes the o; for the next interval. haw (0) 
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"December 1917 
"process, and the accuracy of. ‘the outflow is obtained ‘thereby, rather 
the necessity of trying to find an equivalent uniform inflow. This point 
4 80 deserves emphasis that the writer believes an example of its application is 


To illustrate, the flood of November- December, 1 1917, is routed through — 
ven d’Alene Lake, Idaho. This lake forms: the head of the Spokane River. 
: Att the outlet, a rating curve has been developed. The control is the 8 miles of 
river between the lake and Post Falls, Idaho. The storage capacity of the a 


Ti been determined i by surveys. The principal tributaries are the Coeur 


q Alene and St. Joe eta on on which inflow 7 measured and a small per 
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Aas added for other tributaries. ‘Table 4 gives the data necessary to route the ; 


flood. These data, with even is inflow, are all that is required to route any 


= 


pe 


- Table 5 shows the computations for routing the flood of November-De- 
cember, 1917. * The average inflow for each tir time 1 interval in Table 5 was read = 
from the inflow curve of Fig. 3. Values of 6 were also read from Fig. 3, taken — 

: to the nearest 0. 5 only. The outflow ori in Column (10), Table 5, is the sum < ee 
nns lies to ted, the pre- a 
ceding value being the outflow 01 at the beginning of ‘the period as used in o 
aa. Column (9). Lake heights (Column ~~ are read from Fig. 3, using bee | 
"The simplicity and aaa of this method is apparent at once. ‘Time 
intervals may be varied at will, using short periods when the inflow i is varying 4 
$ rapidly and longer | periods when the inflow is steady. ‘ One 1 may start at any 
known lake height or inflow. — _ The only auxiliary curve used is the 6-curve of 


3, values read to the slope for the average outflow 
each period. 


E. (by. letter). 
process of analyzing the conditions and that the 
= and (2) a creative: part, or a sy nthesis, producing a design that will 
fulfil the requirements of the problem. = = 
De The problem of flood control requires a thorough analysis of meteorological, 
a! hydrolo ical, topographical , and | geological properties of a locality in need of 
ydrolog pograp geological prop ¥ 
- flood control. An economic analysis should also be included regarding the 
= magnitude | and character of potential di damage expected from the absence of 
flood control. This work should produce the following items for the use in the 


A flood “hydrograph, to be as a "controlling factor of the 


(2) A maximum rate of runoff within the of the 


; ‘The problem confronting the designer is the selection of a site for a reservoir — 


i which satisfies the foregoing stipulations and, if it does, the determination a ¢ 


the size and the type of the outflow facilities. 


authors present a method based on a mathematical treatment of 
differential formula (4)). In order to do so they of 
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an average rate of ‘The however, is considered start- 
ee from zero; then it reaches a maximum Q which is not supposed to be larger — 
than Contrary to the notation of the paper the writer uses and Q 


i 


08 


of problem. pear aut seems to be a study of 
Gl) as it is represented by a hydrograph, in the form of Equation (32), or a © 
Mass curve that can obtained from the Bydrogenph numerical or 


- 


Quite contrary to ‘the ‘assumptions of the authors a1 are of the 
"problem to determine the least possible constant rate of outflow for a given 

amount of storage. ‘Here q is constant but i is variable; and in 1 Equation | (5) 
By This problem is solved easily, : as follows: Consider the mass curve (a) shown a. 
in Fig. 4. Draw the same m mass curve  (apeer p part of it) downward from the 
oo by a distance numerically equal to the maximum available storage (curve - a 

)). Ast straight between these two curves tangent to each (see curve (c)) 

solves the problem. The tangent. of the angle that this line makes with the 
_ horizontal axis, expressed in terms of acre-feet-per- hour yields the answer. a. 2 

The foregoing solution is a applicable when the outlet conduits ares so 


as to have sufficient head to pass the required discharge when storage in the — a 


reservoir is assumed to be ‘equal | to zero. — However, if a certain initial storage — 7 
is required to build w up p the: necessary head, the mass curve (6) should be 
drawn below the first by a distance equal to the difference in storage oo 
required initial and the 1 maximum m available storage. A straight line (c) 
_ tangent to these two curves will again produce the solution of the problem. — 
The problem of ‘spillway length and the elevation of the spillway crest a 
= cannot be e solved s so ) simply. _ The outflow i is not constant any more and all 
ool is known about the outflow mass curve is that it is tangent to the mass 
_ curve or the horizontal axis at the time to, and parallel with the tangent to the - 
_ ‘Mass curve at ¢., the time when the outflow is expected to be equal to the inflow. : 
Between these two points the curve has no point of inflection and the angle of 

the maagunt to this curve at any point is smaller than a tangent to the ro 
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Using Equations and. (5) it is to the necessary 


of the spillway crest embodied in the constant B, as follows: 


“4... 


j by means of mass and storage-elevation curves by arithmetical computation or 
- graphically. #2 Evidently there is no general solution. Each case must be 7 
- solved | by trial and error, which i is not unusual and many, if not most, engineer 
‘ing problems are solved in this manner. «| 
: _ The limits of this discussion do not permit | a detailed description ‘as to the 
Hi use of mass and storage-elevation n curves I in order to save some of the drudgery 
"connected with the hydraulic design, and the writer regrets to state that an 
_ ingenious idea of using an average value of the inflow rate (as suggested by the a 
authors) does not relieve the designer from a mass of tedious and painstaking . 


: labor, unavoidable in the process of the solution by trial and ¢ error. 
Ronanp A. KaMPMEIER,” Jon. Aw. Soc. C.'E. “(by letter) This inters 
esting and worth-while paper extends the principle of Mr. Woodward’s s “five- 
rule’? to a wide variety of possible reservoir conditions. 
Sniy The “ ‘five-sixths rule” states that the ratio, r, of average outflow to maxi- — 
‘mum outflow, will be approximately five-sixths under certain conditions— 


x - namely, when the r reservoir has a an orifice-type outlet; ogee the exponent, m, 4 


of maximum ties to assumed constant | inflow it is not too large. 
Table 2 and Equation (20) it may be determined that their cases cover a range — = 
a values of r from 0.67 to 0.94 for the orifice-type outlet and from 0.41 - = “aa 
0.85 for the weir-type outlet, the lowest values of r corresponding to the 3 
lowest values of m and of z. The effect of m is much more e pronounced than 
3 It may be noted that the use of Weir-type outlets, to the exclusion of ES 


- orifice-type outlets, 1 would be unusual a among reservoirs for flood control only 


A (to the discussion of which the paper is limited), and that the paper indicates __ 
that the “five-sixths rule” is fairly ‘satisfactory for orifice-type outlets when 
8 m is in the usual range o of 2.0 to 3.5, and when z is less than about 0.6 (which | 

; would probably be the usual case in reservoirs — exclusively for ‘flood 


Since the ‘effect of the exponent m on ‘the ratio r is so pronounced, it may - 


a be useful to emphasize that for a given reservoir the same value of m would 3 on ; 


‘nage ‘1 See, for instance, ‘‘Hydraulik,” by Ph. | Forchheimer, Verlag und Druck von B. G. Teubner, ora 
+ und Berlin; August 3, 1930, pp. 416, 417; or “Graphical Analysis of Spillway Capacity,” by E. J. Bednarski, 
Western Construction News, ebruary 25, 1932, p. 113 (see also erratum, loc. cit., March 25, 1932, p. 168). 


Associate Prof., Hydr. Eng., Univ. of Tennessee, Knoxville, Tenn. re if 
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— aphy) p= —. This may or may not be the 
which (to simphiy typograp to Spada — 
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a level than | orifice-type or sluices. If Equation (1) represented 
Ze, depth-capacity relationship above the level of the sluices, the depth-capacity es 

_ relationship above a higher spillway level could be represented approximately 
i a similar equation only if a smaller value of m were used. It would be 

to know whether the values of m between 1.03 and 4.74, found by 


the authors for more than 250 reservoirs, were based on tl depth 


: a | The authors mention (but do not discuss in detail) their method of selecting 
an equivalent uniform flood to Teplace the assumed design hydrograph, | 
method which differs from that used by Mr. Woodward,* who considered ps rd 
3 that part of the hydrograph preceding the instant when the outflow equals the a 
inflow and | the maximum storage capacity has s been reached . The at porter 
’ example (see Fig. 1) does not indicate whether or not a shorter equivalent i 
a of greater intensity would have been used if less storage capacity had been 
aa assumed available. ‘The impression is left with the writer that the authors — 
would use the same equivalent flood for all assumed conditions of outlet 
size and storage capacity. Suppose th that the maximum outflow in the case 
indicated in Fig. 1 were 8,050 acre-ft pe’ per hr; using the e equivalent flood pe 5 
would mean assuming an apparently valueofzofll. 
_ ‘The writer questions whether the authors have used properly Mr. Wooc 
ward? s term, the ‘ ‘protection ratio,” which they s state to be the same as thei 
aa — “outflow ratio,” %; the 1 ratio of the maximum outflow to the uniform inflow of 
the ‘equivalent flood (see “Introduction: Outflow Ratio”). writer. under- 


i stood the ) original use of the term “ “protection ratio” to mean the ratio of the 


It might have desirable to use values of the “protection 
ratio,” as the writer understands its meaning, as headings of the columns in 
Table 2, instead of the values of the a authors’ “outflow ratio. hl The writer Ye 

3 realizes that the use of the protection ratio would require assumptions as to 

the hydrograph. The isosceles-triangle form of hydrograph 
would seem to be a reasonable assumption somewhat more similar to the true ey 
_hydrograph i in most instances the equivalent rectangular flood. 


Fosrsa, 16 Assoc. Au Soe C. E. (by letter). —The authors 


oe: Hydraulics of the Miami Conservancy District,” by Sherman M. Woodward, 1 Technical Reports. ; 


ot the ‘Distri istri ict, Part evil, ‘Chapter V V Fig. 73, 
Engr., U. Engr. Office, Omaha, Nebr. 
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"Design flood; that is, is, the magnitude and hydrograph of 
the operation ‘of the reservoir is to be based; 


tg oe The reservoir design flood is built upon the quantity of rainfall in a suitable 
& storm, by means of distribution factors; or it is derived from a selected ~ 
(perhaps the maximum) experienced on the watershed. In any case, it is 
based upon conditions not touched upon by the ar authors’ paper and hence ne aah 7 
‘not be discussed further herein. The reduction of outflow (Problem (b)) 
storage required (Problem (c)) are the questions with which the authors deal. 
These two factors are in that when one given the other may be 


j 


The problem of the of outflow from the channel- 
j "carrying capacity below the reservoir, or some other critical point downstream. 
| ‘Under these circumstances there remains the problem of determining k how = 


aiding | is needed to reduce the design flood to the desired maximum outflow . 
On it seems that the authors had provided a method to yield 


flood as s readily as is indicated in 1 the paper. The only s 
method of determining the equivalent rectangular flood is that of routing the — 
flood through the reservoir; and, when that is done, the required capacity 

is known, and it becomes unnecessary to apply the method, since all elements — 
‘The writer made an attempt to determine the capacity of a reservoir under “a 

- investigation by the authors’ method. The pertinent data for the reservoir are a 
asfollows: Reservoir — flood, peak discharge, 32, 400 cu f per sec; volume, 


fixed at 10, 000 c cu ft per per see; - total eapacity of r reserv oir, 545, 000 acre-ft; and m, 
derived from the capacity curve, 3.15. The problem is to fix the capacity to a 
“be set aside for flood control in order to reduce the he design flood from 32,400 
x 10,000 cu ft per sec. le? vation of ode ss 
ow. On the basis of a 12-day period, the equivalent. rectangular flood is 13,000 . 
a ft per sec, from which x = 0. 77. rc ‘Then from Table 2, by interpolation, 
4=0.316. The capacity needed, therefore, should be 0.316 X 311,000 or 
bi 98,000 acre-ft. However, by routing this flood through the reservoir, it was 
_ found that approximately 150, 000 acre-ft were needed. An attempt was made a 
also to utilize the time (6.2 days) during which the design flood was above the _ 
maximum outlet discharge. This duration of the rectangular flood required a — 
storage capacity of 202,000 acre-ft. | 


- Tiel In the foregoing example (which is typical of reservoir design floods), there 


a | 4 is no period other than the full duration of the design flood that can be ei i 


logically as the length of the equivalent rectangular flood. 
too i jong, however, and its use | does provide sufficient The thas 


ps: “a 
— 
4 
: 
— 
— 
— 
— 
= 
” 
— 
ts 
4 = ; but there is no way of determining the correct volume without routing th Ce = . 


the reservoir. There seems to be no o logical point on the 
i... which the length of the equivalent rectangular flood can be fixed. = 3a 


eal In certain cases it may | be desirable to reverse the procedure of the foe- § 

a going example. “i The volume of storage available | may be fixed, instead of — =" 

permissible outlet discharge, and the problem is then to determine the maximum 
reduction. This problem also requires the calculation of the quantity a; hence, 3 

Ad the difficulty of the equivalent rectangular flood is met a again. 
ae os is highly desirable to start from the known factors of a problem and to ey 

work progressively ‘toward a solution without ‘resorting to trial methods; but 
. a it is apparent that the difficulty of the equivalent design flood prevents such § 


a _ @ course in analyzing flood storage capacity with the authors’ method. wie 


SHERMAN M. Woopwarp, M. AM. Soc. C. E. (by letter). —An enlighten- 
oe ing, interesting, and useful extension of the methods used about 1915 in the design 
; oe of the reservoirs of the Miami Conservancy District at Dayton, Ohio, is pre- $ 
sented i in this ‘paper. At that time the so-called “five- -sixths rule” was finally 
sud developed by the engineering staff of the District after a prolonged period of 
a studying and 1 puzzling over the various complex relationships involved in the 


; ‘os determination | of the required capacity of the several reservoirs and the a 
|" mensions of their respective outlets. . It was recognized that no great virtue or 


’ 


precision should be attached to the exact numerical value, five-sixths, and that og ‘ 
this coefficient should be expected to change with circumstances and should be 
checked in each important case by further detailed calculations. i 
be a The practical value of the “five-sixths rule” is that for the purpose me m 
estimates in preliminary design, before di- 4 
evolved as & of a effort to discover a general, visioned, 
Pepe method of approach to a complicated problem, an approach which zs : 
should give due consideration to the: main, essential onde the same time 
is 
tl 
to reveal new directions for further profitable exploration. gat 4 
One item of particular importance in the paper is the direct “comparison Fi ; 
that can now be made between the relative advantages of the use of automate ; a 


Assoc. M. Am. Soc. C. E. (by letter).—Tab e2 can 


condensed t to a single set of data by tabulating d against 1 of Ts d 


tel 


use will then be extended to to a wide of outlet besides those of 
Chf. Water Control Planning Engr., TVA, Knoxville, Tenn. __ 
‘8 Res. Engr., Umgeni Water Scheme, Durban, Union of South Africa. 
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(5), substituting the value of h E yuation 
and and s to be maxima, OP ade of 

in which (to simplify typography), An inspection of Table 2 


_ reveal that for the same values of u and z the detention ratio is identical in a 

‘sets, as demonstrated for a values of u in Table 6. 

TABLE 6.—VALUES OF m AND d CoMPARED wiTH TABLE 
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ss & The statement that the equivalent uniform flood can be e selected readily on es 
an arbitrary basis i is open to question. The close agreement shown in Table 1 , 
i not a convincing g demonstration because it is always ] possible to compute _ 
the exact equivalent uniform flood which, for any flood volume one wishes to __ 
choose, will give the same and peak outflow as the original: z = T 


volume) I= 7p. ‘Therefore, 


iy hy 


I 
authors exampl ed = 599,800 
0. 697 and, therefore, "= 292,800 = 39.4 hr . The problem most a 


in in however, is the reverse The must guess, 
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_ otherwise e determine, T first, and then use its value to compute the value. of d ve 
ef required to reduce the peak outflow to a particular magnitude. Pig 


hr the 40-hr equivalent will give unreliable results. _ Evidently, therefore, a 
must be so chosen as to give an equivalent flood intensity J greater than the 


= It is clear that with outflow peaks near to, or greater than, 7,320 acre-ft per a 


peak outflow; and hence, T will vary from case to case 


‘the flood curve that lies beyond the ] point of equalization (the point ; where out- 
flow equals flood inflow and where, also, the outflow i is at its peak). Hence, no is 
va “apparent purpose is served by the condition that the equivalent uniform flood cy 
shall have a volume equal to that of the entire flood. Rather, it would appear _ 
to be advantageous if the volume of the equivalent we were made equal to that of ae 
the inflow or flood at the pc point of equalization. 
pec In studying flood routing problems the writer has found that the mass 


= or VaRIovus Sussrrors UNIFORM Fioops Comparep Mass 


- -. In Fig. 5, which is a plot of the authors’ example, H is the point of equaliza- _ 
tion. | The e storage v volume will depend upon the shape and dimensions of the 

—part of the curve OC EFH. Obviously, any equivalent uniform flood should 


4 deviate from this curve as little as possible. Starting from the known value of | 


Ss and computing omitting the volume of inflow after the p point of equaliz 


Jt is showni 


a which will fit the original closely and yet give a value of the storage | 8 “ch 


the chord B H, shown dotted, in such | a manner that both 
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wo 
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wath Doak ite res 
can proved, or verified by means of any. of the ‘step methods, that: 
(a) A part of a mass curve concave upward | gives a a lesser flood-reducing — 
elect than che chord joining its extremities and that the reverse is the case for _ 
i convex curve (it will be realized that the greater the increment in consi 
required to deal with the increment of the flood volume represented by the part 
_ of the flood curve in question the smaller will be the flood-reducing effect) ; and — 
Pn (b) This difference in flood-reducing effect between chord and curve in- 
rene with length of chord, amount of divergence, aad rate of outflow. a 1 
Even if the concave part, A C CE (except for its reversed position), were 


‘jdentical in shape and dimension with the convex part, E F H, the larger out- 


< prevailing during the latter (convex) period would result in a greater differ- 


: ence in in flood-reducing effect between chord and curve than would obtain during 


“the earlier concave period. 7 In addition, the flatter slope of the part, OA, ,in 7 


the beginning is superior in flood reduction to the chord B A. Hence, ‘taking a 


= the substituted chord as a whole, it will have a lower flood-reducing effect than — 


the original. In other w ords, | it requires higher storage | 'S to reduce the 


A 0. Another substitute that is easier to draw but has the disadvantage of — 
giving a still ll more conservative result is the chord J H (Fig. 5), which i is tangent — 


to the concave part. For the > Purpose of comparison, computations have been 


‘made for— =w= 0, which g gives a value of u at the opposite end of the field 

that ered. by the authors’ = = 0. was 
A graphically for the original flood and, for each of the uniform flood substitutes, — 


by computation utilizing 2 2 and ‘results are 


TABLE 7.—Companison OF MaxImMuM STORAGE FOR VARIOUS 
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od 
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(see 5) 
= 


8,216 
8,867 
688 


ai? 


4 
= 


By por: Arbitrary selection of the equivalent flood can lead to great uncertainty. a ‘i 
Thus, in line 5, Column (7), Table 7, a 10% variation in T results i in a negative = 


— 
t 
part are respectively equal to, or larger than, the corresponding intercep _ 
4 
— 
Pia 
— 
— 
— 
— 
i 
— 
a 
— 
— 0.708 | 179,000 
= 0.639 | 187,100 | 
8,150 | 5,160 | 292,800 | 0.635 | 0.456 | 133,500 | 0.729 | 213500 


“tion in the opposite direction involves a result 19% too high. The substitute 


stitut 


uniform flood drawn to rule shows positive errors 


must borne in however, that it is 


cannot be expressed, even approxi- org 4 


age mately, by a monomial exponential 


i function, such as Equation (5). Th 
case of a pure orifice outlet 
tailwater may sometimes influence 

discharge so as to cause @ con- 

‘orn siderable deviation of the rating 
curve from the monomial exponen- 


e authors, flood 
studies are commonly exe- 
cuted by the trial-and-error step 
In many cases, however, combin- 
ation of the two methods is 
such combination (which might 

wi id be called the “straight-lines integra-_ 
tion method”) may be of interest 
this connection. In its applica- 
_ tion this method is of the functional 

straight lines covering, as nearly a8 


practicable, thes given characteristic curves. Using the same nomenclature as 


ra 


representing the inflow intensity during the T (see Fig. 6(a)). ‘The 
in which k, is the o- intercept and k the slope of the straight line, substituting 
_ the outflow intensity curve in the part under consideration Aas de 6(b)). 


1 


_ the author, as far as possible, heats procedare may be demonstrated as follows, 


is in is ‘the intercept on the i-axis and q ‘the slope of the straight line 
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Elevation, in Terms of Meters 
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strictly 

» i=q +qt 
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depth-capacity may be 


ares. 


ay 720 
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Fra. | 7.—InFLiow Hypro * 


Substituting Equations (37), (38), and. in differential 


wellel 


= of the constants, qo, m, and k are always positive, whereas q andk,may be — i 
either positive or negative. If t=oandh= = he are af 4 


— 


— 3s 
"In Mo Is Ue sinvercepey anu Mm slope of the straight lit 
tuted for the considered part of the depth-capacity curve (see | 
mie 
— 
=‘Mmwhich (to simplify typography)a=-—tjand 
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ERVOI 


dt ~ -(B. + hd 
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Outflow, in Terms of 
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‘Fie. 8.—Discuarce Ratina Conve AND Derra-Caracrry Ct 


Ra. 
may illustrated the: 


‘ae example: ccan of the w ater level in a reservoir is to be determined 
for the flood given by the inflow hydrograph in Fig. 7. The water ‘discharges. 
through a by-pass tunnel, the « discharge rating curve of which is shown i in 


The depth-capacity curve is also given in Fig. 8. tebe aa 
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bp The computations, in three main steps, are summarized i in 8, oil the 


‘error step method shows a the discrepancy in the total rise 
ee _ In comparison with the functional method developed by the authors, the & 
foregoing suggestions possess the advantage of being applicable with sufficient | 
to any storage problem of the nature in question, including all types 
x reservoirs and outlets. + It also avoids the 1 uncertainty in estimating the aie 
- equivalent uniform flood. Compared with the trial-and-error step method it & 
des saving in time sid labor, inasmuch as the tedious cut-and-try opera- __ 
a tions have been eliminated. For office use & graphical evaluation of er 
), in some form or other, is often very helpful. — ete ets 
M. Am. C. E. (by letter).—An interesting 
. ‘contribution to the study of the functional design of reservoirs for flood control — 
is found in this paper. Often the time- -saving features of this method of 
- establishing tentative basic values for a reservoir for preliminary e: estimates and a 
asa guide in design have been overlooked, and it is hoped that this reminder of or 
4 earlier studies will serve to call attention to this method of approach. However ae 
the construction of gate controls on n outlet works is the current tendency for a 
q flood control dams, and with this type of outlet, functional analysis loses much 
- of its significance. — Iti may still serve, none-the-less, on preliminary studies to. 
give the value of the r minimum allowable size of outlet. aula ad 
The authors have failed to recognize the most common justification for the 
use of gate or mechanically controlled outlets. They assume that such outlets. a 
are for the purpose maintaining 100% “efficiency,” meaning, 
- that — is uniform from the beginning to the end of ry flood. The writer 


2 


May 


G 


wally 


q one is attempting: to protect from floods is that immediately below the dam. 
_ Ordinarily, one must relieve a prospective flood situation at some point or 
points considerably downstream, and n must vary the outflow ‘to accommodate 

ie. the uncontrolled inflow into the channel at points between the control works and ; 

_ the points being protected. It is to provide for this needed flexibility that gate _ 

controls are ordinarily used. To quote from the Official Plan for the Mus- 


kingum Watershed Conservancy District:™ 
“Reasons for. Selection of Gate Controlled Reservoirs—Careful study of 
“- _ the tributary arrangement of the Muskingum River and the time of trav el 
see of past flood crests on the tributaries show that the use of retarding basins vi 
f Soon will not provide either as efficient or as economical flood control as will 
Pais. gate controlled reservoirs. The principal objection to the retarding basin 
3 may scheme as applied to the tributaries of the Muskingum River is based on 
an tsi; ~ design principle of the system, that is, that the maximum al 
m bys. from any reservoir during the design flood must not, when combined with ca 
the outflow from other reservoirs and/or flows from uncontrolled areas, 
—s eause flows in excess of those for which provision has been made at any 
downstream. ' With control, the outflow from the reser 
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Injoi ol oi odd a erode bodied 


eS In discussing the depth- -capacity exponent, m, the authors state that depths 
above: the « outlet location are used, whether the outlet is an orifice or a weir, on 
It has been the writer’s procedure to base this value, and the resulting expo- 


_ nential equation, on the height above approximate zero reservoir capacity, as oa . 
explained by Professor | W oodward for the case variable depth. In all 


an. 
ee 


“2 


reservoir. 
‘results: First, it hes the tendency to. change the ‘natural 
- ’ valley characteristics as indicated by m and C; and second, it frequently results. 


There a weir-orifice 
a : aad will maintain the water surface at an elevation of about 1,020 ft, neatiy 
50 ft above the channel ‘bottom. 9 shows the  depth-capacity curves 
o ee _ based on the value of approximate natural zero capacity and based on Elevation is : 
1,020. The uppermost plotting was the first attempt, based on an estimated - ee 
capacity at Elevation 968. A second attempt, not shown, made 
vin of before arriving at the second line from the top. This straight line passes very $5 : 
a ak. close to all points, with zero capacity at Elevation 973. The formula for this — He: 
curve i is expressed by Equation (1), with C 1 = 0, 29 and m = 2.80. It serves 3 
Po hs ‘capacity. needs throughout the entire depth of the reservoir as well as of any x 
part in which one might be especially interested, and m and C serve as correct — 
. e indications of morphological conditions within the valley, as mentioned by 3 


e ‘Using only that portion of the reservoir capacity above Elevation 1,020 and a 
measuring depth from that elevation. a third plotting of points is shown. — 


quite satisfactory; but to the weir-orifice lev el, the values will s 
purpose. If one derives the equation of the secant, drawn through the upper oo 
most and lowermost points shown—C = 


of points values of total storage may be approximated, but | inter- 


__“*Hydraulics of the Miami Conservancy District,” Py Sherman M. Woodward, Technical Report 
of the Miami Conservancy District, Part VII, pp. 118-12 : 
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— ig 
‘ 
m ee -_ the upper end of the curve defined by the points, C = 180 and m = 1.58, ee a, 
@ 
Il 
— 
| 
the varuc or vne entire gives better vane 
maximum outflow, in this case, than either of. the other two values determine 
It should be noted that the characteristics of the valley apparently change 
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sy, m changing from 2.80 (hill type) | to 1.58 (flood -plain foothill = 


rizontal planes; but by taking ord 
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acteristics expressed in m and C is destroyed. That 


Table 2, it should that d varies slightly within the 
entire range of m, as compared with the variation within the range of z. Thus ~ 
_ factors entering into the variation of x are likely to be of greater importance “ae 
that those entering into m. One of these is the value | of the | inflow rate of 
the uniform equivalent flood, which, in turn, is dependent on the duration of 


flood and its nature otherwise. 
authors have not di discussed , in satisfactory ¢ detail, the ‘determination of 
= equiv valent uniform flood. he If one is entirely arbitrary i in the selection of - 

the duration of the equivalent uniform flood, it is likely to result in gross error. e 

3 ~The: duration should be ¢ approximately that period from the beginning of the 

= natural flood to the time following the ‘crest at which inflow and outflow are 

equal but, as demonstrated subsequently, this seems not to give satisfactory 

results with with the ‘method outlined by the authors Using first, as an example, 
the authors’ triangular flood hydrograph, with a 40-hr duration of uniform 

: aoe flood, z is found to be 0.702. If, on ‘the other hand, 30 hr had 4 

aa been selected, the uniform rate vi would have become 9,760 acre-ft per hr and z es 
:-. would have become 0. 537 with a ‘a corresponding | d from Table 2 equal to 0.543. ik 

Then the total storage required would become 159,000 acre-ft instead of 
117,100 acre-ft—a a very substantial difference i inset. 

Citing the Pleasant Hill Reservoir in Ohio as a further example, in in this ee 

case , the design flood was a 9-i -in. runoff from a 5-day rain. The storage was a 

established as 7 in. of ‘Tunoff from | the 199-sq-mile drainage area 

above, = ‘Thus the detention ratio, d, is known to be 0.7 778, and low outflow, es 
— to only 2 in. during the flood period, isknown. From hydrographs — ae 
a? other simple floods of comparable ‘duration, the time from the beginning of lage 
As ’ the flood to the time that inflow and outflow would seer about equal after 
‘ae of crest inflow was known to be: about 5.5 days. The resulting 
Ment uniform flood is equal tc to 1 64 in. per r day, or 8,780 be ft per sec. Using — 
the secant value of m equal to 1. 29, Table 2 gives x to be equal to 0. 303, and 4 
maximum outflow is: is found to be 2,670 cu ft per sec. With the step method 


| 


1. of routing, the correct value: was found to be 2 350 cu ft per sec, not a very 
Satisfactory: check. Using the tangent equation, the value becomes 2,530 
eu u ft per sec. _ Using the equation for the entire reservoir, it becomes 2,280 _ 
ft per sec, the best of the three by this method. 
Assuming the _five-sixths rule to hold, however, one can establish the 
approximate maximum rate of outflow directly, knowing its volume to be 2 in. bins 
the w watershed above, over & period of 5. 5 days. The: average, which 


to be 2,340 cu ft per very good It should be 
this does not require the use of any uncertain values of m or z. 
7 The at authors suggest the term “outflow ratio” for the ratio between. maxi- 
. _ mum outflow rate and the inflow rate for the equivalent uniform flood, which — ie 
p — is also designated as z. This is an excellent suggestion, but the writer would a 
a Bcc suggest that it be used also with respect to the ratio between the maximum ms 
= = outflow rate and the maximum i inflow rate of the natural flood from Sg 
* the equivalent ‘uniform flood is derived. ‘They are in error, howe ever, in stating 7 
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JONES: ON FLOOD CONTROL 
“tat this term designates the same value as Sete Ww oodward’s “protection ‘ 


ratio.” ” At no point hast the writer been able to find that Professor Woodward ~ 
gave any definition for x ‘abe than > T° ee “Protection ratio,” ” as used by him | 


without ut definition,” i is a satisfactory expression, and is the peak inflow divided | 
by the e peak outflow. It is a ratio always equal to, , or greater than, 1, and the 


whe 
F edlipvecel of outflow ratio if the authors will accept the writer’s modification 


O. Jones,” Assoc. M. Am. Soc. E. (by letter) —This paper is adis- 
om tinct contribution to the literature on flood routing. It recognizes the fact that 
the storage capacity required is dependent, chiefly, upon the total volume of the | 
a flood, and only i ina minor degree upon the flood distribution 
hen the authors’ method is applied to the problem | of estimating 
storage capacity required for a given maximum flood, with a given maximum 

- outflow, a fairly large range of values of volume is obtained, depending upon the = 
assumed duration of the equivalent uniform flood. This may be seen by apply- 

ing Equation (2) and Table 2toaconcreteexample. 

The two floods shown in Fig. 10 have the same volume (140, 000 acre-ft) i 

are markedly different in _ distribution. — The exponent, m, in Equation (1) is 


2.18. Hence, the values shown in Table 10 are obtained. The variation in | 


‘TABLE 10.—Dzsren Froop, Marais pes CYGNES 


| Equivalent uniform flood, in thousands of acre-feet 
Outflow ratio, z 
Detention ratio, d 


Storage (S) ra aa in thousands of acre-feet 
| depth, & 


he results may be inconsequential, in view of the more or less speculative nature 


of the design flood. The percentage variation in the r required storage, , however, 
ig considerable. ‘The step method as applied herein by the writer indicates 
_ that an equivalent uniform flood of 28,000 acre-ft per day with a duration of 
T=5 days will agree exactly v with ‘design flood No. 1 but will underestimate, 4 
S didaty, the required capacity for flood No. 2. Hence, it appears that a cri- 


terion i is needed, which will indicate, at least approximately, the value of T in 

It may be that a criterion can be obtained graphically. As a matter of fact, 


the volume of storage required i is represented by | the area between the = 


hydrograph and the outflow hydrograph. | Although the outflow curve cannot 
be obtained, except by the step method or r its equivalent, a fair approximation as 
may be had by considering the outflow curve to be a straight line drawn from a 


“Hydraulics of the Miami Conservancy District,” by Sherman M. Woodward, Technical 
_ of the Miami Conservancy District, Part VII, p. 186. xia ; sie ad 


Prof. of Hydraulics, of Kansas, Lawrence, 
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| 
zero to the point of maximum (line E E, Fig. 10). T area 
=~ straight line and the flood hydrograph overestimates the required capacity 


in every case. In the present example (Fig. 10) the excess is 319% for flood No, a 
1 14% for flood No. 2. . An improvement may be had by noting that 


mig 


oth 


34 


i ‘outflow hydrograph is quite flat at the maximum point. purer: a curve, 

a which is required to pass through the points Z, and which retains the char- 
a _ acteristic shape of the out outflow hydrograph, one may ob’ obtain a result auite close : 


C. HAMMATT, M. Am. Soc. C. E. (by letter)—There seems to be 
tendency i in recent years to go into intricate and exact mathematical analyses 


problems which are fundamentally of a practical nature. This tendency 


i causes one to lose sight of, or at least to have one’s vision obscured toward, the oa oe. 


ey 
In the matter of the design of storage for flood damage, 
_ certain factors are taken into account, any one of which may be the ruling one, 
_ depending on the facts in the particular case. _ These factors are as follows: 


ps  # The expected flood flow of the stream, in intensity, , duration, and frequency; 
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(2) possible storage capacity of the proposed reservoir; (3) the capacity of the 
stream bed below the reservoir outlet to handle flows without flood = 
and (4) the economics of the situation—that is, the comparative study of pos- 
sible property damage from flood peaks, and the cost of protective storage. o a 

- spite of the methods developed i in recent years, factor (1) is still an uncutain 
one, based on historical analysis of the watershed itself and of others with simi-— 

¥ lar characteristics; and its uncertainty has been demonstrated frequently by t i i, — 

~ occurrence | of floods far in excess of the predictions developed by customary 
methods analysis. Factors (2) and (8) are capable of practically exact com- 


is subject to the ‘uncertainty of development and values at a future date. 
a 4 nd Beginning with factor (4), the economic study, and calculating the maximum 
Dg cost that can be assumed for flood protection, considering that unlimited storage 
f capacity can be developed, the computer works back through factors (3), a 
- eonstant, and (1), an estimate, to obtain factor (2), the desired solution. It is iti 
- afundamental principle that the solution of a problem, wherein one or more of om 
- the factors are inexact, cannot itself be exact. It follows that, since factor (1) a 
ay is an estimate only, the engineer can only design to meet this assumed condi- 
tion, and that methods of computation be with as 
likelihood of success a 
If the possible einen ‘capacity is limited to less shen that ne necessary for 2 
q complete control, the problem resolves itself into a mere determination of the er 
_ ‘tectangular outflow to utilize the entire storage capacity available, always as- =. ‘ 
# suming that the benefits derived by this regulation are in excess of its cost. a 
: Since the total quantity, rate, and duration of the inflow are indeterminate, a iS tee 
e graphical solution, preferably by an assumed mass curve based on historical he 
q data, is sufficiently accurate. There is nothing new in this method of treatment, 
the only recent development being the improved methods of flood prediction, 
@ and the writer believes that further refinement i is not consistent with the un- — 
pe C. C. J. Posey, 37 | Assoc. M. Am. Soc. C. E., anp Fu-Te I,* Esq. (by letter). 
oa of the discussers contend that the writers’ method of functional design — 
is more complicated than the step-routing methods which give, as a result, the 
complete outflow hydrograph. For the problem at hand, in which only the 
maximum: outflow and maximum storage need be found, this is decidedly 1 not 
true. Given data on a reservoir site and an inflow hydrograph, a number oo < 
¥ ‘corresponding values of maximum outflow and maximum storage can be com- 
by the writers’ method in less than a tenth of the time needed to de- 
aS the same number of values by the fastest step-routing methods — ar 


available. routing methods not only involve more computation, but 


Steps in the solution: (1) Representation of the capacity-depth data for the 


_ 47 Associate Engr., Iowa Inst. of Hydr. Research; Associate Prof. of Hydraulics and Structural — . 

State Univ. of Iowa, Iowa bss: evar sou 

_ %Prof., Coll. of Eng., National Southwest United Univ., Kuenming, Yunnan, China; formerly _ 

Graduate Student, ‘Dept. of Mechanics and Hydraulics, State Univ. of lows, Iowa City, Towa. 


% _ The accuracy of the writers’ method hinges ‘upon the validity of three ~) a 
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= 
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ia reservoir site by the exponent m; (2) representation 0 of the inflow flood hydro- oo 
q ss by an equivalent uniform flood hydrograph; a and (3), use of the writer’s 2 =. 
a values of the detention ratio in Equation (2). Each step has been questioned 3 
- or criticized by one or more of the discussers. a The points raised pertinent to : 
these steps will be discussed i in reverse order. i boqolavaby it Sige 
correctness of the tabulated values of the detention ratio, for use in 
Equation (2), can be verified by checking the mathematical ‘derivation given 
the. Appendix. ‘This is admittedly a somewhat lengthy procedure, but it i is 


. 3 not at all necessary for an understanding of the method, nor even for verifying ae 


the v values in Table 2. They can be verified by step-routing computations, a 
more lengthy and indirect method, but one that would be preferred by 1 many. a 
‘ lh partial check on the correctness of the tabulated values is afforded by the 
agreement shown, in the appropriate area of the table, with Mr. Woodward’s _ 
 “five-sixths rule. Professor Kampmeier points out that the agreement holds 
over a considerable range of values of m and x. None of the discussers = 2 
express doubt as to the correctness of the writers’ method presents any — 
the values in Table 2 are faulty. Yo ati fonds? taxon 
In discussing the determination of the equivalent | uniform flood, it should 
be remembered that the design flood itself is very uncertain. Even after tthe 


expenditure of considerable time : and energy on the studies, 


yo 


Precise quantitative prediction of the magnitude and frequency of floods is an if ; 


art that the hydrologist has not yet mastered Hammatt states of the ( 
é by the occurrence of floods far in excess of the predictions developed by wu i 1 
tomary methods ¢ of analysis. tra" yd 
On most large engineering projects, the work must proceed simultaneously vig 
a on several fronts. Functional design studies for the reservoir cannot be erate i 


_ poned until the final results of the hydrological s studies are available. Inthe 

ently stages, when the design - flood has not been definitely determined, the 


writers’ method of arbitrary selection of the equivalent uniform flood should — “be f 
‘give results that are sufficiently accurate for preliminary studies. i 
Use of the word “arbitrary” was probably ill advised. The writers 
= that a certain amount of judgment would be used in selecting the unifewh Be u | 
; 


-3 flood. By use of the rules suggested by Messrs. Soucek and Kindinger for oo. 
E a selecting the uniform flood, however, the amount of skill n necessary to obtain 
good results is greatly reduced—so much that the method of the paper (with _ 
the following revisions) can be used for the final design, giving greater accuracy, © Ted 
in most cases, than the most optimistic hydrologist would claim for his ren 
preliminary studies, mass curve of the inflow is plotted. . A straight 
line approximating the mass curve for the entire flood is then drawn. The 
uniform flood corresponding to this straight line may be used instead of the 4 
“arbitrarily” selected uniform flood of the paper, $= = 3 
; ce For final design, the mass curve of the inflow hydrograph is plotted, but the oe ai 
4 anne line approximating the m mass curve is made to fit not the entire flood, 
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maximum outflow rate. This gives a different equivalent uniform flood eae H 
each different outflow, but the gain in accuracy is considerable, . . 
the higher values of outflow. Subsequent computations with the 
uniform floods are the same as for the “arbitrarily” selected flood of the paper. _ 
In contrast to the method outlined for preliminary design, this method ignores _ 
_ the tail of the inflow hydrograph, a procedure to increase the accuracy originally ae 
recommended by Mr. Woodward. dae 
Messrs. Soucek and Kindinger both give rules for drawing the straight lg ae 
best approximating a portion of the mass curve of inflow. The writers find _ 


little difference in the results. This phase of the problem seems worthy “iS 


Isolated cases ‘may be encountered to which the writers’ method of fune- “4 4a 
“tional: design will not apply, even if use is made of the refinements suggested we 
by Messrs. Soucek and Kindinger. a These cases can be recognized in advance. — — 
An uncertain value of m, an unusual inflow hydrograph, or a high value of x 
may warn of the necessity for a check by the step method. In any case, the | 
- outlet size selected as a result of the functional design studies should be checked e 
Professor J Kampmeier and Mr. Smith both note that ¢ the value of m for 

"given site varies as the elevation of the zero » depth changes. This does ne 
indicate that any lack of definiteness attends the use of this exponent, but 

- rather that the storage- -depth relation for a given’ site changes | as the sero 

; depth is changed to correspond with the elevation of the outlet. A satisfactory 

_ straight line can be drawn through the upper portions of any | of the rows of 


: plotted points in Fig. 9. Slight differences in m are inconsequential, as Mr. 


Smith himself pointsout. 


.” Professor Kampmeier inquires as to the : zero depth used in determining 
‘values of m for the 250 reservoir sites. Practically all of these were on 
Bo-rgehs measured from the bottom of the reservoir. Professor Kampmeier i is re 
correct in stating that the value of m based upon a higher spillwa ay level would 
be smaller. Use of the writers’ values of the detention ratio for reservoirs 
with ee pe outlets presupposes that ; the reservoir is is full to spiliway level 
at the beginning of f the flood, and that the outflow at the beginning o of sale 
thes Professor Jones suggests an alternate method for the functional design ei 
represents the ultimate in simplicity. The outflow hydrograph is sketched 
eye upon the plot of the inflow hydrograph. Measuring the area between 
the two by | planimeter gives the maximum : storage | directly. method 
_ would be indirect in determining the maximum outflow corresponding to a = 7 
given um storage. Compared with the writers’ method, Professor _ 
Jones’ method allows for greater flexibility in taking into account the actual a 
oe of the inflow hydrograph, but i it would require considerable skill to. 


sketch the correct curves for different values of m and n— —that i is, for. different = = 
7 characteristics of the reservoir site and outlet. _ With sufficient practice, always > a 
‘foliowed by a check by the step method, one ossibly develop the skill 


necessary to obtain accurate results by Professor Jones’ method. 
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‘h ‘The writers are glad that the discussion brought out the special. routin 


te methods given by Messrs. Stevens, Bednarski, and Werner. Although they e 
do not apply sett to the me of the paper, they possess ad- ee 


' = Professor Kampmeier and Mr. Smith call attention to the writers’ error in Ais 
to. Mr. Woodward’s “protection ratio.” Mr. Woodward defined the 


> the writers’ outflow ratio, and is not misleading, as the writers stated. Both | 
=. terms are necessary and their use should be continued. _ The construction a 


7 


Professor Kampmeier, would be a difficult but possibly profitable task. i 
Mr. Smith questions the writers’, assumption of 100% efficiency for the 


data-; gathering and forecasting methods, efficiency greater than the 100%" 
* assumed by the writers could be reached. Although the writers will admit — 
the theoretical ‘possibility of greater efficiency | in operation, they t believe 


would show that the assumption of 100% efficiency is too high. 
4 ot The writers are especially grateful Me: ‘Kindinger for his i 


by introducing u Although it’s seems ns advisable to retain 
the present form of the tables for use in most. cases, in which n is either $ vi 3 
Mr. Kindinger’ 8 suggestion opens up wide fields of,usefulness for the writers’ 
method. The ogee spillways mentioned by Mr. Soucek, problems i in the filling 
emptying of tanks, the design of highway culverts with pondage, and many 
a) Dy 
a other cases, where the discharge relationship varies as some power of the head 
: 3 different from 3 or §, can be solved advantageously by use of the writers’ 
= method a nd tables, with the modification | suggested by Mr. ‘Kindinger. Bike 
details of these various applications need to be developed carefully. 
* saan _ The writers wish to thank all of the discussers for their interest. If this 
paper | results in an improvement in the functional | design | of. flood control 


reservoirs, much will have to be credited to the discussers’ efforts. a. 
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By H. E. LANGLEY,’  Esq., EDWARD J. Ducey, EsQ. & 
D. Rieuts, Conve B. 
McCutioves, H. M. NELson, H. E. ‘Lanauer AND Epwarp J. 
‘The hinged, steel, bridge between the 
owns of Walpole, N. H., and Bellows Falls, Vt., was one of the several crossings a 
over the Connecticut River which were seriously damaged during the spring 7 
~ flood of 1936. For example, Fig. ‘1(a) shows the New Hampshire end of the 


span, , Fig. 1), the end; and Fig. 1 (c) i is a detail view of the to 


> 


q jacent web of the up-stream below high-water | level were 
__ badly crippled that it was necessary to close the bridge to all vehicular traffic; — a = 
the responsible authorities were compelled t to decide between 1 major repairs 
to the structure and its replacement with anewone. 


This bridge had been in service only since 1908, and the ew in general 


had been carefully maintained so that a considerable expenditure for repairing 


_ the damage was warranted. a The consulting « engineers who designed the . 
. structure? were called upon to submit a design for repairs . They formulated a pt 
Bi general plan involving supports near each end, with four along the interior of 7 
the arch, all supported on timber pile groups. Detailed ‘ane were prepared, 


ad bids were taken for the work on 1 this basis. ig The successful bid ($120) — 


iv “costs. The danger element involved in this undertaking w was relatively ~% 
4 because a further accident to the main span might } not only result in the loss ae 


of the structure but would probably involve difficulties ¢ at the Bellows Falls 

‘power plant, situated immediately below the bridge, which is a main link in the 

electric power system that s serves this region. In studying the situation the 


q Bridge Division of the New Hampshire State Highway Department decided 
«that it was more feasible for the State to assume the = —— to thisextra- 


Nors.—Published in April, 1939, Proceedings. 
' Designing Engr., Bridge Div., New Hampshire Highua Dept., 
"Designing Engr., Am. Bridge Co., Pittaburgh, Pa. 
_ * Transactions, Am. Soc. C. E., December, 1908, Vol. LXI, p. ee 
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4 WALPOLE-B -BELLOWS F FALLS 1 BRIDGE 

the ex contractor. To do this it was 

s the fabrication and erection contract on a ’ basis to a ‘com tent 

pet 


7 
structural steel contractor who would co-operate with the State forces in 
driving the e piles and placing the concrete. t A 

a consultation with the contractor’s engineers a ctidi was made { to elimi- iP 


nate some of the more hazardous features of the undertaking by keeping t the 


| 4 river as clear o of falsework as the condition of the structure would admit B 
ike Accordingly, a plan was devised incorporating the use of temporary | cable ti ties * 
q  ( (see e Fig. 3) to take the horizontal thrust of the arch, thus converting the sp: span = 


_ temporarily | into a tied three-hinged arch to be carried on falsework towers near E 


* original — With the falsew ork at the ends of the span an it could : not 


> ie The use of temporary cable ties and other features introduced in this wor F Fe 
seem somewhat unusual, and it is believed that a description of - ae 
j followed will be of to engineers 


bottom chord—each being. a parabola. of the same general dimensions, 
ae above the other 14 ft apart vertica cally. The top chord consisted of two 
in. channels with a cover plate 24 in. wide a and laced at the bottom flanges. 
_ Te bottom chord consisted of two | similar channels laced top and bottom, with — yi 
additional side y plates making the gross area approximately equal to that of the 
: chord. The diagonal members were made up of two 5 in. by 3} i in. by 2 in 
angles, generally, single laced. This construction is shown quite clearly in 
‘Fig. 2. Since the two ribs are parabolas of the same dimensions, the ret 
4 line under | uniform load would be midway between them because the | spring- 
_ line pins and the pin at the crown were placed midway | betw een the two. p The 
be in each truss were drawn together in the last two panels at either « endof the - 
Span to meet at the spring-line pins so that the thrust from the two main arch "4 
trusses was carried by the skew-back shoes to the concrete abutments which 
_ were supported principally on wooden piles. The floor system, which was hung , : 
from the trusses with loop-rod hangers, had a system of lateral or | wind bracing, ¢ f 


two main trusses. pri These extended throughout the length of the span, , and 
> were connected to the bottom chords of the main trusses by slotted connections 


to provide expansion due to temperature changes. _ Although these members ay ae 


were ¢ comparatively light, being m made w up p of two 6-in. by 4-in. by rr angles, to- 
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important part in saving thes 
— 


structures, was by Lewis D. Rights, M. Am. Soe. C. E., on Apel, 


2.—View or DamaGEp aT THE VERMONT END oF THE 


At the time the structure was built the low-water level was several fet 


below the present pool elevation, but improvements in the power ee 
aR facilities on the Connecticut River have raised the normal pool to its aoe 


" at mid-channel. - Borings taken at the abutments and at the temporary tower 
ont _ sites indicated about 20 ft of mud, sand, and boulders which gradually con- a 
_ pee solidaéed into a series of alternate strata of hard sand and gravel at a depth of 

about 35 ft, underlaid with solid rock at about 60 ft to 70 ft below the river- 
bed. hi The high water during the flood of 1936, which caused the damage to the 
main span, reached Elevation 125.5 (see Fig. 3) and covered the roadway at the 


i main arch and extended entirely across the river. The impact and the sus 
4 tained pressure from this ice so disabled the up-stream truss that the lower 
chord ceased to function a as originally designed, and the greater part of its 
share of the load was distributed to the top chord. The diagonals U; Ls and 4 
U;1 Iy and the vertical U; L; (Fig. 3) assumed part of the thrust from the lower cs 
_ chord. and distributed it to the top chord, while the ties which formed the chords ae 
of the lateral bracing in the floor took up the greater part of the remainder ye 
though: the crippled chord sections undoubtedly carried some ‘stress, it was 
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 WALPOLE- -BELLOWS FALLS BRIDGE 

of a secondary ‘nature, rather than direct. serving mainly to 

‘prevent: the top chord from buckling upward under the thrust from the diagonals, 

There was a particularly noticeable for the top chord to yield 
over the damaged bottom-chord sections. 


aw 


haunches of the arch so as to load the haunches. hy 
_ Evidently, the top chord of the up-stream truss was partly relieved of the oe 
load distributed to it from the lower chord, by the action of the top-chord — 
lateral system which , apparently, t: tennnterved: part of the load across to te 
down-stream truss that was not directly damaged by the ice jam. The di- 
-agonals that appeared | to take the thrust from the lower rib of the up-stream . 
truss were manifestly i in serious danger of buckling under direct s stress, because eI 
there was a very evident bow or lateral deflection in several of these members 3 3 
that t disappeared after the span was Picked up on the falsework, and the condi- 
tion of stress in the web members oe the structure was decidedly — e 
careful survey made ‘soon after ‘tend subsided r revealed that 
= up- up-stream truss had dropped about 6 in. at the crown and raised 


a shores were e wedged between the end shoe of the he approach span and the oe 


- disturbed, of course, so that this displacement ¥ was caused by a side lurch of the i 
structure, which was quite noticeable when viewed endwise along the bridge. 
The span leaned up stream , being about 1 ft out of plumb at the crown, _ Emer- er 
gency repairs included the timber bracing, shown in Figs. 2 and 4, framed and a 
a into the plane of the lower chord to prevent further side lurch, 


backs after removing the of the trusses. The shoes were not 


if 


In 1 considering the repairs to be made to the structure it was imperative that 

provision should be made to prevent a recurrence of the damage. Maa 
4 festly the lower chords of the span were quite exposed to the impact of floating — 

7 - ice, a and it was obvious that the damaged steelwork would have to be replaced. | 


-_- It was observed that by removing the three panels of truss at ‘at each end, and by eG 
‘replacing the old members with the shown it in 3, the n new steel 


= | 
less vulnerable structure and, incidently, it would the same type of 
ao structure v with a 54 ft shorter span. In this arrangement th the main thrust under t 


i uniform load is carried, bya a single ‘member, from the new pin set on the e original nh 


— = 
tt 
of 
= 
a] 
: 
= 
shire end shortened about in. and the corresponding chord section at the 
Vermont end shortened about 3in. Although the affected chords were battered 
stream under the impact of the ice, the entire span was found to have 
.|6h—6hl ae - moved up stream so that, at the temporary tower on the New Hampshire end, it ; 
Was necessary to move it back down stream 2 in., and at the Vermont tower it — 
4 
— 
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WALPOLE-BELLOWS FALLS BRIDGE 
thrust I line to the original skew-back. The effect of partial — is is taken care 
+ through the cantilever action of the new steel below the pin, which steel is — 
supported by a group of four steel piles under each truss, at a new shoe set 
proximately 20 ft forward of the skew-back shoes. 
obvious uncertainty of stress throughout the structure, and the general 
instability of the span, injected a hazard into the problem which became an fe 
ere factor in the procedure to be followed in making the repairs. — Little 


eould be done toward making preliminary repairs, other than the 


loads. It was impossible, therefore, to 


a. 4.—Emercency Bractne mx THe PLANE oF THE Botrom Cuorp; View Factne 
_ Avone THe Towarp HAMPSHIRE 


orking from the span, and it was impractical to saci the site with » floating = ; 

uipment because of the location and the 2 proximity of the » power ¢ company ’s ‘ 
- dam situated in the river immediately below the span. Therefore, in addition 
to keeping the river as free from falsework as possible, the plan « of procedure 

which seemed most feasible was the one involving the least number of temporary — 
towers and so devised that they could be erected by working out from the © 
_ shores on temporary bents, keeping ag i free ¢ of the damaged span s0 as to 


cbr. The plan decided upon was to pick up the span on temporary wooden pile ay 
_ towers placed as close to the shores as the steel to be removed would permit, — 
and to take the thrust by means of temporary ties, and then remove the ~ 
damaged ends and replace the old steel with new material <—, the structure 


bed up and re- -alig on the tem 
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Pitieding the s structure in this manner required that the ties be pani to 


at 20%, ‘and that tower be designed ed to carry a vertical load of 
143 tons at each truss. The total weight of the span was 572 tons before re- 
} ‘moving the old steel. — ‘These loads varied somewhat during the process of 
.: reconstruction as the removal of old steel and the addition of new members, 
J removal of the floor s; sy ystem, etc., altered the weight of the span with oe 
sponding variation of the stress in the ties. _ This is shown in Fig. 5, with an 
7 over-load of 18% due to snow and ice, and the shifting of the « old pavement ss 
(which was torn up and piled along the up-stream truss during the progress 
‘The difficulty of taking these reactions on the trusses at points where such 
severe concentrations were not - provided for in the original design presented - 
 somew hat of a problem, especially because provision had to be made for jacking 
"devices to take up the stretch i in the « cable ties, and any temporary members 
used would have to be inserted without disturbing the structure, or without 
_ impairing the strength of the members carrying stress. This was accomplished 
by inserting a system of temporary members i m the he trusses at € each tower, oo 
z. shown in Fig, 6. A tower ‘member, A OCD, was used to carry the vertical 
% reactions and to intersect with the thrust member O B, on the thrust line, at 
Point 0. tie stress was then introduced at Point 0 by placing the jacking 


During the jacking operations t the stresses were introduced into the tie 
. ‘the tower member by picking the | proper increment of stress in each so as ie : 
keep the resultant stress coincident with Line O B as nearly as possible and 
_ tangent to tl the thrust line at this point. _ The stress from the thrust member 
was taken u up » at Point B by two distributing members, BA and BC, and > 
delivered to the upper and lower chords at Points and C. As shown 


q | 


Conrnot Caartr ror Jacxina Operations 


_ All of the new steel was completely fabricated in the shop. The temporary +) ot oe 

‘members were designed so that they could be erected by parts without impair- es ~ = 
4 ‘ing the : strength of the members in the structure to which they were to be eon- iti 

_hected, except for the remowal of a pair of lacing bars in each plane of lacing 3 

on the top and bottom chords. & Field connections were drilled in the old mem- 

- bers, either to a . template « or to match the new steel blocked in place on the 

“falsework. Main connections were fully — secondary connections 

For each tie a pair of 23-in. bridge (6 by 19 7 wt 7 

‘core, pre-stretched) were used to straddle each truss and were supported _ 
the span on 2 in. by 6 in. wooden cross arms bolted to alternate 


end but this was so arranged that it served pe other purpose. 


hangers. These cables hadl'é an s ultimate strength of 305 tons each and were pre- 
8 retehed to 120 tons, , approximately 20% greater than the calculated working iS 
load. The modulus of elasticity of these cables after pre-stretching was 4g 
a 600 000 Ib per sq in., for loads of less than 130 tons. Because « of their rela- a 
‘stand light weight i in a to their strength, their flexibility, t! the ease with is a 
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7 same stress. They were pulled into position in the jacking beams to an initial — 


30' 0" Center to Center of Trusses 
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be ‘erected, and the 


subjected to the 
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stress of about 5 tons each and their length under this stress was checked at 


q ma ¥ sting to the th 
‘ they could - vell suited for the pu 
— which they ticularly well suited for the 
— jacking beams, these ca ples length and the sockets were a 
— _ They were cu les would have the same len 4 
— so that all cables ‘ 
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uld be provided in the 
itial The general plan of the cable and jacking device lay 3 
d at the cable lengths | 
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Distance from center to of main towers. ft. 8 i in. 
Length « of each jacking device from the face of 
jacking beam to the center line of the main 


tower (7 ft 2 in. times 


Net distance, face to face of be beams. . ft in. 


for sa sag, cable ‘supported 2 27 ‘ft on cen- 


two jacking d devic 


The in tie was between the two by m means of a 
short balance beam to which the cables were attached at one end of each oar 
_ truss, and the system was stabilized by means of a beam extending across 

“the roadway from one truss to ‘the other. © The other end of all cables was a 
attached at this beam. iF These beams (also r referred to as jacking beams) were — 
ll free to rotate about a vertical axis, on the center line | of each truss, by 
e resting on seats in the jacking devices, provided with knife-edge bearings. 
This system permitted the independent movement of the trusses so that 
$4 
3: - one could be moved longitudinally, or one tie length could be varied without we 
affecting supporting the temporary towers. The jacking 


- devices being in compression, it was necessary that they be stabilized by 
7 means of some kind of bracing system. This was provided as shown in 
Fig. 7, using diagonal braces composed of rods fitted with turnbuckles and 
a ‘davidii so that the rods could be let out or taken up as might be required to ss 


Because of the limited for the jacking beams used to. 4 
b ry stabilize the cables, it was necessary to provide two jacking devices, one — 


at either end of each tie sO that the tie could be taken up: or let out : at either re 


However, both jacking devices were not to be used ‘simultaneously. 
300-ton jack with a 9-in. run-out was used in ‘each jacking device, and 
¢ ; shims were provided for fleeting the. jacks as well as for carrying the load inde- 4 4 
pendently when the jacks w were not actually in operation. Fig. 8 shows the 
detail of the jacking device ce and, with Fi ig. 9, shows of the jack 
beams and the ‘method of attaching the cables to the beams . Both 
were pulled into place at once, with the falls attached to socket baskets, 


- Dail being welded on them. _ The falls were set 3 ft 8 in. apart so that the socket ple 
baskets would clear | the jacking When the « were into” 
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3 give a view of the stiffeners and stiffener r plates on which the base slab supporting 


‘ position, they were drawn together to a spacing of 2 ft 11 in. and the remaining we 


beams were assembled in place. Fig. 10 shows the jacking device removed to a: 


pa 100- ton hydraulic jacks, also having | a 9-in. ‘run-out, w were used on an. 
tower, two under each truss. A built-up box girder was provided to carry 
the load f from am jacks to the tower member (see A O C D in ‘Fig. 6) ae 


i of rollers so that movement could both ~ and 
laterally. _ Longitudinal movement was governed by the jacks in the main ties _ 

and lateral movement \ was controlled by a system of “steamboat” ratchets 
shown as a part of the bracing in the plane of the tower in Fig. 6. is All diagonal — ° 

bracing in the towers, except that in which the ratchets were used, was com 


— Each of the temporary wooden towers was composed of two bents of twelve — 
each. The position of all piles, particularly those in the bents forming t the 
- approach for the traveler from the shore, had to be located very carefully to 
~ avoid interference with the old steel and the emergency bracing, or with the 
Sie menbers The main towers were braced rigidly and the services of a 
a. were required to place the bracing below water level. All piles, including * 
the steel piles used in the permanent construction, were driven with a double- 
acting steam hammer (No. 9- B- 2), in swinging leads handled from the boom _ “20 
of the traveler, the ¢ operator working out from the shore on the temporary ib, 


| bents. These bents also served to support the old floor system at times during 


the progress: of the work. The old floor system over the new work was not > 
removed completely until the span was almost fully transformed into a tied — 2 a 


ek the span was well under ‘control. 


_ Jacking operations on major bridge structures are quite common but they — 
Ge are normally ¢ conducted vu under circumstances such that the conditions of stress = * 


to operate jacks on a structure i in which the stresses were mostly unknown and 


‘Span, the engineers and erectors were confronted the problem of beginning 
- with many of the members manifestly over-stressed. A jacking load applied i in igs 


i the loads in the ' wrong order, ‘might easily have caused a failure in some over- & 
The general layout of the jacking equipment is shown in Fig. 11. All 
y pipe, tubing and fittings were }-in. double, extra-strong stock . All pumps, — 
_ Sages, and central control valves were placed in a group on the floor of the at 
oa bridge a and 1 connected to the jacks at different elevations, by copper aa Kee 
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ae gest on a set of shims when the jacks were not in operation. To provide for ar 5 Ps 
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tie jacks and the tower jacks i in Pairs, were placed on separate pipe lines re oe 
each line w was connected so as to operate normally from a separate hand p pump. a 
However, the hook-up was so arranged that both pumps might be “cut in” on : 
either line by means of the stop-and- release valves; but, as the two lines worked 
y under different pressures, they could not operate together. ONY 


ws 
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oon 


PART SECTION A.A 


Separate hydraulic gages were used on each line to 1 pressure in 
oa , Niel jacks; 5 000-lb gages were used with the tower jacks, and 10 000-Ib gages a 

— in combination with 2 000-Ib gages (for low pressures) were used with the tie 
Jacks. Mercury gages (10 000-lb pressure capacity) | were connected into | the 
system at either end of the span for use as master gages in the event any y 

_erepancies appeared in the readings of the hydraulic gages. However, it was | 
necessary to use the master gages because the others had been adjusted and 
at the tool house before they were to the field, and they 
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ade worked perfectly i in every way. Their sensitiveness was very on the 


e 
d aa) i? gages governing the stress in the ties where the: slightest variation in pressure on 
Pp. a x the jacks, as indicated by the gages, was instantly discernible on the yardsticks 3 
= Fi clamped in the jacking devices to measure the stretch ir in the ties. All pumps a a 
he floorofthe 

u . and gages at either end of the span were placed in a group on t ee 

bridge. ‘There was no hydraulic connection between the jacking system atone 
aa of the span and that at the other; but a telephone system fitted with head- 1d 
ie sets was provided as a means of co-ordinating the work. A foreman was placed 
ef in charge of the jacking equipment at each end; and, with the gages arranged , m 
go that he could read the jack pressure at a glance, he applied the pressure as = uae 
. directed by the engineer in charge, or the superintendent, who directed the ri 
by working from jacking charts prepared in advance (see Fig. 5). 
a Two jacking charts were required, one for each end of the span. Differ- _ 
ences i in the weight localized over the towers—such as the temporary steel, b: 4 
removal of part of the floor system, sand ballast, etc.—necessitated somewhat 


4 


_ greater working pressure in the tower jacks under the New Hampshire end. 
Fig. 5 is the chart for the Vermont end only; the other, although different, was 
the sa same 80 far as this description i is concerned. 


(which weighed approximately 26 tons and which had carried onthe 
a falsework by shimming up tight under the foot of the temporary tower members © 

shown as A OC D in Fig. 6) was first to be picked up on the tower jacks at 
‘4 350 lb pressure. The initial stress on the ties (5 tons on each cable) a 


rates & to a a gage pressure of 260 Ib on the tie jacks. Ms Actually t the ital 
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“s up at 200 Ib oundenire. _ According to the jacking chart this initial pressure on 
the tie jacks called for a total pressure on the tower jacks of 410 Ib lb. The cmt 
ee step then, having taken the tie load on the jacks at one end, was to raise the 
x pressure in the tower jacks to 410 lb at both ends of the span, working mel ; 
fs taneously. _ Both trusses were jacked i in unison | from the start, with the corre- 
* sponding jacks in each truss “cut in” on the san same line. A: ‘This first step rie Rr 4 - 
a the entire jacking system “on the chart.” Thence using the tie stress to 
govern the tower reactions in accordance with the chart, the tie stress a. 
stepped up by 200-lb increments of pressure alternating with the tower 
“4 and stepping up the latter simultaneously at all points. Thus, with the ~<a 
jacks at 200 lb and the tower jacks at 410 lb the ties were stepped up to 400 ne 
a: while the tower jacks ‘stood by.” The towers were then stepped up to <a 
a : lb while the tie jacks “stood by.” This process was repeated until a pressure — ee 


Fe 


= 


of 2 600 lb was obtained on the tie jacks, corresponding to a tension of 97 , oe 
tons in each tie with a total stretch of 8? in. on the cables. To keep the stretch ae: 
in the ties about equally divided between the two ends of the span the jacking | @ 
Operations on the ties were then switched to the other end of the structure 
' ‘ and the process was continued as before until a pressure of 4 780 lb on the tie Le a ’ 
.- - jacks was obtained. This pressure corresponded toa stress of 178 tons o on neach — 
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. 3S _ @one, according to the calculated reactions, by following the direction of the —. ae 
thrust line on the chart, because it was the maximum stress obtainable in the — 


“4 


- ghire end, was gradually removed and the nuts were removed from the an 


7 = In n effect this amounted to a concentration of 4 tons on each truss at each of the : 
as towers. It was thought that the most seriously over-stressed members in the — 
structure, before any jacking was done, were the diagonals, U2-Ls and Usly, 
and the verticals Seba: (see Fig. 3). diagonals were in compression 
_ and the verticals were in tension. To jack upward on the tower member (that i” 
Pras. is, to apply the increment of the tower reaction before the increment of tie 
, 8 stress was applied) would operate to increase the stress in these members; but, — 
applying the tie-stress increment ‘first, and then applying the tower-load 
increment, would serve to reduce these stresses. _ Therefore, this } Was the pro 
When the stress of 180 tons on the tie was obtained, all jacking was stopped 
-. and the floor deck removed; part of the steel work in the floor system was left << : 


— supported on the temporary pile bents, but all floor load was removed from the a 
a first three panels at each end of the span. The approach span at the Vermont — 
end was also supported on falsework at the east end to permit the removal vif 2 
the old shoes a short time later. edd id iif nay 
i poke to the jacking chart i in Fig. 5, it will be observed that there s are 


“the main thrust line: One is for the maximum n, and the other is for the minimum, 
calculated dead weight of the span. W hen jacking. was resumed after the 
floor loads were relieved, the tie jocks were up” increments of 


increment ‘of 300 Ib pressure. one 1e “step-up” on the tie and one 
7 a re. “step-up” on the towers the tie stress was determined as at 4 980 lb per sq in. ‘ 


4 jack pressure, a total of 185 tons. At this tie stress the chart indicates that the 


ad old shoes should be clear of the masonry skew-backs. An inspection of the as 
a shoes failed to indicate that this was so, and the tie jacks were once more fa 
stepped slowly to a jack pressure of 5000 lb per sq in. The tower jacks were 
a then ‘“‘stepped up” slowly and when the pressure in these jacks reached 3 200 Ib a 
per sq in., an observer stationed at the down-stream shoe, at the New Hamp- ae 
shire end, reported that there was a very definite crack in the ice and grout 
around that shoe but no change could be observed at the other shoes. The ties 
were then stepped up to 5 200-lb jack pressure and it was observed that the — 
joint U; on the up-stream truss (New Hampshire end) had opened about neni 
This joint, as well as all ¢ others a at which the new steel was to be connected to the 


en cut off the lines and the 
truss was up to 5 400 lb per sq in. (201 tons), on the 
and to 3 300 lb per sq in. (136 tons), on the tower, and then returned to the se i 
position to the > down-stream | truss. This was simply ing 
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test Movements at the joints that were bolted indicated that 

i _ members were carrying no stress of any importance, and consequently 3» 
stress i in the trusses between the jacking devices and the ends of the span was x 
released. - _ The total stretch in the ties at this point was ; observed to be 173 in.; 

; and the total rise in the span directly over ngs tower, as determined by toking it 


landed on shims in this position and the jacks released. nuts were 
placed back on the anchor bolts at the Vermont end so as to stabilize the 
structure on the falsework and the old steel was removed from the 
The total jacking time required for 1 this work was ans 12 hr including the 
- time required for testing the jacking system for leaks, etc., and for checking the — 
gages, one against the others. During the first stage of the jacking, w hich — . 
increased the tie stress to 178 tons, the weather conditions were very inclement. a ~< 
This stage of the work was begun at 8: 00 A. A.M. on November 10, 1936. The oad 
was quite cold, the temperature being approximately 32° F, soon after 
the work was started it began to rain, and continued to rain and sleet untill ‘ 
noon. After “noon a high wind rose and- continued for the remainder of the 
y day. This made progress with the jacking very slow so that by ev rening the 
“first stage of it was only about half completed. Work was continued the follow- 
ing morning; the weather was clear and the temperature was approximately 
20° F, but it was much more favorable than the day before. ‘The remainder r 
of the jacking necessary to bring the tie stress up to 180 tons was completed in : 
about 23 hr. After about a day required to remove the floor load from the 
- ends of the s span the jacking ¥ was completed in approximately 1. 5 hr. Under — 
favorable weather conditions the entire jacking | would ha have been 
completed i in about 7 hr of actual jacking time. 
‘ + - After the removal of the old steel at the New shennshinn: end, the jacks on 
the temporary tower at the same end were raised about 15 in., rotating the © 
span vertically about the old pins at the Vermont end and, of course, raising 
be the jacks at the Vermont tower proportionately. _ The tie jacks at the New fe 
i ‘Hampshire end of the span were also “taken up”’ (that is, the ties were short- 
F ened) about 5 in. on the up-stream truss and about 3 in. on the down-stream — 
oe ~The tower jacks on the up- -stream truss, New Hampshire end, were > 
then lowered about 2 in. and the bracing rods i in the tower were adjusted at - 
the same time by means" of the turnbuckles. The difference of 2 in. in 
- distance that the ties were shortened relative to each other removed most of — 
the sag in the up-stream truss and almost straightened the span vertically, 
; _ bringing: it back almost plumb. . The actual pressures on the jacks during this — 
set of operations s naturally did not change | except that, in the case of the tie 
_ jacks, the tie stresses increased about 10 tons to overcome the roller friction. i 
Te New Hampshire end was free and it was simply moved to make clearance — 
‘for the erection of the new steel. At this time also the span was moved down 
a stream 2.5 in. on the New Hampshire tower and almost 4.5in.onthe Vermont 
rag tower by means of the steamboat ratchets shown i in t the lower stage of bracing © ie 
in Fig. 6. ‘This. jacking, with the adjustment of various turnbuckles 
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“take up” on ‘the ties. Otherwise it is ‘doubtful lain the span 
been moved so far laterally « on the Vermont tower. tin 9 


Paks. Before removing the old steel the spring-line pins were referenced carefully 
and the center line of the structure was established on the towers to corre- aA 
spond to the skew-backs. _ There was @ rumor locally dist, during high water ee 
in 1927, a wash-out had occurred back of the New Hampshire abutment, caus- . a 


ing it to settle. Careful ‘Measurements were made to determine the relative 


taken indicated the up- eas truss pins ‘to be 540.05 ft and as dow n-stream 
: pins to be 539.91 ft, center to center—a difference of 1? in. The measurements bs 
also showed that this difference was div ided between the two abutments—} 
" —” the New Hampshire abutment and 1} in. to the Vermont abutment. This 
finding seemed to indicate that each abutment had rotated about a vertiedl hae 
causing a change | of span for both h trusses. The up-stream truss 


= § in. in span and the down-stream truss was shortened 1} in. This 
; a” _ seemed rather improbable since there were no cracks in the wing walls nor any 
_ other visible indications of settlement; and, since the New Hampshire abut- 

ment (which was s supposed to have heen the 6 one affected) had the least skew, 4 
no further attention was pat to the settlement rumor. However, the new 

F steel: was set to ‘ “square up” with the center line of the structure by a 


2 


from the referenced position of the old pins in the down-stream truss to es- 
tablish the length of the reconstructed span according to it. The up-stream 
truss span was shortened 13 i in. inthismanner.- 
Before placing the new main members the light-welded steel trusses isses shown 
in ‘Fig. 12 were shored and blocked in place to serve as guides to hold the steel 
piles it in exact position jon while driving. These trusses were designed for this 


purpose as W well as to serve as reinforcement for: the concrete piers. S The — 


x 


the were e driven, was washed off and cleaned of mud, etc., by : a diver 
a fire hose. The timber crib shown it in Section A- A, Fig. 2, had been filled 


7 
= The shoes were set in position carefully on the grillages, to 
‘The wood sheet-piling 


sions s of the shoes we were e checked, ‘the nuts 0 on the anchor bolts locked down tight, % 
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— 

1008 Of the pins all around, and leveis were taken to check their elevations. 

— i. was found that the old pins were within ;; in. of the same elevation. The 

q 

‘ 

‘| 

a -_ eompleted. The rip-rap apron around the old crib was cleared away — 

i. necessary and 12 in. by 12 in. timbers were cut away to make room for the new Ae ; 
steel piles. The piles were driven to a penetration of about 65 ft torock and 

— 

= Was then ariven to provide forms, and the concrete piace m 
matt a a tremie. Anchor bolts 3.5 in. in diameter, two for each shoe, were placed in the L 

‘ ti t ‘ 1 
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he steel below the new tind erected, leveled up and shimm ned in niga ail the 


skew-back. shoes which were fabricated on the main thrust member were 
—— _—— grouted in position. The old anchor bolts were left in the skew-backs = 
3 were used to provide anchorage for the new steel. The new members y bo 

e then riveted t up completely and the concrete was poured to the floor level in the — 
er concrete encasement shown in Fig. 12. The calculated loading on he steel 


Groupe which consisted of 12 in. WwW A, 55 Ib was: 

Before placing concrete. . +. 4 to — to — 


4 


‘The n new steel above the pin was erected independently of that beledeil in ee 
- eantilever fashion, by connecting at the old splices on both the top and bottom By 
chords: which were placed Us L3 (see Fig. 3). 
This i is shown in Fig. 13. 

was erected, the 


Vermont pin; and the tie jacks wi vere det out,” make the p pin holes in 
new steel match. The pins were then driven and the old steel at the Vermont = 
end was cut aw vay immediately and removed. . The span was then | Taised oo 
7 a 15 in. at the Vermont tower by rotating about the New Hampshire pin and = : 


‘the span was s moved down- in. at the Versi 
. tower, the up-stream truss was dropped about 2 in. at this point, and the tower 


“When the erection was completed and ready be the loads at all, 


2 towers and the stresses on the ties were picked up on 1 the jacks and ‘ “weighed i in 
i one truss at a time. © The jack ermseedl were then plotted on the charts (see 


in. (298 tons); the up-stream towe er jacks picked up the load at 4 100 Ib 

Ls sq in. (168 tons) ; the tie jacks in the down-stream truss picked up at 5100 

Ib per sq in. (190 tons); and, the tower jacks under this truss picked up a -- 

- s 3 400 Ib per sq in. (140 tons). _ Due to the fact that several inches of snow and — 

a ice covered the deck of the span at this time and during the previous month, <a 2 
a: the old asphalt plank flooring had been piled along the up-stream truss, ie 


‘5 ting the old plank sub-floor to become thoroughly soaked with water _ The 
“A pressures at which the jacks picked up the loads were considerably higher than ff. 
_ those required to raise the span at the beginning. 
- _ After the loads were weighed i in on the jacks, the span was lowered, rotating fe 
IG about the New Hampshire pin, and the ties were released slowly so as to bring 
7 the pin holes into position for driving . The jack pressures did not change dur- 
, _ ing this operation so that as the pins were driven the pressures in the jacks were 
: _ As soon as the pins 1 were driven the structure was lowered immediately and e 


5 landed on the abutments. ‘Since the up-stream truss was the heavier of the a 
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| WALPOLE-BELLOWS FALLS BRIDGE 
two, it was started down ahead of the other and the pressures in the jacks — 

Se ieslling it were lowered to meet those of the jacks controlling the down- pe 
truss. corresponding jacks on on the two trusses were then thrown 
 inon the same lines and the two trusses were thence brought down in unison. ; 

Thus, the down- stream jacks were “cut off” the lines but were held under pres- oa 
3 sure, and the tower jacks at both ends of the up-stream truss were lowered — ‘ 4 


| 


a 


[eh 


Ra. 13. New ERecrep at THE New Enp OF THE SPAN 


was was kept closed and the pressure was s permitted to “drift” as the tower 
released the pressure. These jacks were not turned | loose but me held = 


con control by “stepping down” at 200-Ib increments. 
the jacks were stepped down the ties gave up leisure 
3 accumulating sag between the supporting cross arms until the original initial 7 
= stress in the tie was reached. ‘The shims were placed under Tower Members . 
AOC D (Fig. 6) to take the local concentration of temporary members awa 
from: the trusses, and the release valves in all jacking lines were thrown wide = 
open. The total time required to release the jacks and land the span was . 
Throughout the operations in raising the span on to the 
_ and again when landing i it on the abutments, a peculiar difference between the i 
action of the tower jacks : at the two ends was manifest. i As the stress in the tie 3 
was “stepped up” along the thrust line, the tower jack pressure at the end of ce a 
the he span, where the tie jacks 1 were ‘in had to be pumped to the full 


: - drifted automatically in exact accordance with the charts, with little or no > 7 


a _ pumping after the falaate ork in the towers had taken up the initial settlement. 
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"jacks on the tower, which had been drifting as stress was jacked into the: tie, 


a now had to be jacked the full increment, and the others, which had previously 


first this was thought to be result of excessive settlement i in the tower, 


required the full increment of jacking, now drifted with the tie stress. The : 


same perplexing continued when landing the span, with no very 


As soon as the n main n span was s landed, the , approach Span was also Iso landed F 


main span. The temporary steel members were dismantled and removed, 
and in the meantime the old floor beams and stringers were replaced to make 
ready for the floor. No concrete was plac ed around the new steel members 
above the floor of the new piers, as shown in Fig. 12, but the forms were con- 
2 structed and made ready for placing the concrete encasing as soon as the span 
was landed. The old roadw: ay deck which consisted of asphalt plank laid ona 
- 3-in. wood plank sub-floor was replaced with a 3-in. concrete floor and the old 
wooden sidewalk was Teplaced with 2- -in. floor. The old railing, which consisted 
of gas | pipe, wa as s replaced with a modern form of construction to conform to the 

Fr State Highway Department standards. Levels taken over the span after 
work was completed showed the grade to conform to uniform curve 
having a middle ordinate of approximately 18 in. and the floor beams were all 


5 
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Fie. 14.— —Farsework aT THE VERMONT END ay. 


ORKING CONDITIONS 


Hor bam level, the maximum | difference in the elevation * the of ye: 


= 


8M The weather conditions at the time this work was in progress were very 


erratic: and generally unfavorable. The ie late winter 
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imately, 10 in. thick. About t this time it necessary to lower the 
pool level to reach the old steel around the skew-backs. _ This broke the i ice “i 
+ "slong the shores but it caused no serious trouble and the ice quickly sealed up as et i 
é the cold weather continued. About December 9 » With : several inches of snov ce 
in the Connecticut River basin, the temperature rose 2 suddenly and in three 
i _ days the precipitation was reported variously as 3in.to4in. Under the effects a 
. this rise in temperature and the rain, the ice broke loose on the river above _ 
the pool level and began to move down stream quite rapidly. By the skillful — 
- manipulation of the rolling lift gates in the dam the engineers of the power 
‘ company were able to hold this i in check and a the State forces to con- a 


end immediately after the ice had passed the river. It broke 

about 300 ft above the bridge, and the lower edge of the ice can be seen ‘below 
- bottom chord of the truss. The i ice is still intact around the falsework = 
- due to the protection of the fender. Since there was no fender to protect the aay. 
New Hampshire tower, the gates were kept closed at that end of the dam, to — won 4 
~ hold the ice and to throw the current to the main channel on the opposite side, “ae in. % 
: Dihesning the ice past the tower which was protected by the fender. This 
5 was so successful that it was decided that it would not be necessary to build a _ 4 
fender to protect the New Hampshire tower. “rw? 


This project is somewhat novel in the history of arch- a E 
as was the design and erection of the original span.* The magnitude of this 
‘A: undertaking was by no means measured by the quantity of new material in- a 

$ -yolved; nor w as it measured by the cost of the project. The. cost of a anew 

structure is scarcely a criterion amount of rag: incident to the 


a span would have cost several times the amount of the repairs lok in addition, 
a the cost and hazard of removing the old structure would have to be taken into | 
8 consideration. . Because of the depth of the pool at this point and possible 
¥ ‘damage to adjacent property, the removal of the old span as it stood at the 
beginning of repair operations would have been quite a problem - ene 
al me would have cost at least half as much as the proposed repairs. aul ve 
The load capacity of the span is adequate for the location. The ~ treecs 
- were found to have e capacity for the H-15 loading and the floor system, including _ 
the slightly greater weight of the new concrete-steel deck, has a capacity 20% a u 
os: than the H-10 loading—that is, the H-12 loading, applied in accordance — 
with the American Association State > Highway Officials Specifications. 


5 traffic requirements. _ However, when designing the new deck and hand- rail, the i a 


4 roadway was widened from 20 ft to 21.25 ft, and | the width of the sidewalk was 
load at 4 ft 10i in. Then new steel and foundations wer were designed for the 


Mic 


| 
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On the basis of replacement costs the State Highway ‘Department, by 
a pairing the damaged span, provided an adequate structure to meet the traffic 

Bg requirements at approximately one-third the cost of removing the old structure ae { 


.* : . and replacing it with a new one of the same capacity. By the use of the specifie 
_' method adopted to do the work enough was sav ed to provide for the new deck — 


——— compared to the original structure, having a span of 540° ft with the 
spring-line pins 14 ft below present high water, the reconstructed arch has a M 


span of 486 ft with the spring-line pins 3 ft above high water, assuring ample 
protection against a repetition of the damage at the same high-water level, 
This work was done by the engineering and erection forces of the American 5% Re 
Bridge Company, who furnished and fabricated the steel, and who furnished wy 
the erection equipment, in co-operation with the engineers of the Bridge Divi- . | 
3 


gil 


‘sion’ of the New Hampshire e Highway Department and their construction 
- Although all operations were made difficult throughout the work by weather i 
conditions, ice, high w water, and extreme cold weather the progress and the 
final results were very satisfactory to the State and in 
adequate i in every way for modern 
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LE-BELLOWS FALLS 


. FRENCH, 4M. Am. Soc. C. E. (by | letter) — in 
this paper er shows boldness and resourcefulness in » planning and much skill and we 2 
— alertness in the supervision of its execution. It does not appear that — 
any traffic, either vehicular or pedestrian, had to be maintained at any stage a 


we 


af the work, and therefore the risk of loss of life was confined to the workmen g 
Seed. _ Nevertheless, it is obvious that any mistake, either in planning or aaa 
in execution, might easily have wrecked tl the damaged structure, with the loss oe 
oof the lives of the workmen and serious property damage. — _ While the work was Jus 

in progress, it undoubtedly appeared spectacular to those who stopped to give 3 


aay disappeared and left no monumental features to attract attention. In 
a fact, the best evidence that the work described has been completed effectively P 
will be the failure of present observers to discover that any repairs or “recon- ia 
Work of this kind, like foundations and structural frames hidden from : 
view by subsequent c construction, and all falsework and temporary structures 
purely erection purposes constitute a most important part of engineering 
} construction; detailed descriptions of such work, such as are given in this — 
-- are always valuable contributions to the publications of the Society. an 
It seems to the writer, however, that the value of the paper would be 
_ enhanced if @ more detailed statement of the actual cost of the various parts 
of the work, as executed, could be included. In the “Synopsis, ” th the authors ms 
toe that “the successful bid” on the “design for repairs” submitted by the 
“eonsulting engineers who designed the structure” was $120 000; and under | 
_ the heading ‘‘Conclusion”’ several general statements are made as to costs, but 7 
no clear statement is made of the cost in detail of doing the work as described. 5 


between Bellows Falls, Vt., and Walpole, N. H.—a 540- ft arch span across the 
Connecticut River, er, built in 1904—was an ambitious project years ahead of its 
time. W hen it was planned, ‘the Advisory Engineer, the late J. P. Snow, | - 4 
M. Am. Soe. C. E., and the Consulting Engineer, J. R. Worcester, Hon. M. Am, ; 
Soe. , both ‘tecognined . the adv antage of keeping the structure above 
w possible j ice damage; but the Bridge Committee, composed of local business oe 
a men from both sides of the river, w would not hear to the extra expense. Acecvune = a 
-_ In 1906, a . year : after the bridge v was finished, a flood damaged the bottom Ai 
bl lateral bracing at one end and the consulting engineer recommended that a 

reinforced concrete slab be installed to brace the lower chord and protect the = 
lve laterals, but there was no ‘authority at hand to see that this was done. ae 
& In 1928, the dam was raised, making the pool 10 or 12 ft higher; the canal 2 nat 
a was enlarged and the power-house > expanded. — It was inevitable _ sooner 
4 later this elevation of the dam would cause a destructive flood. 


Engr., Jamaica, N.Y. 


D. M. Am. Soc. C. E. (by letter) —The original bridge 
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at this t time some strong | State agency could ‘have with the 


Had these precautions taken, the heavy expense indicated in the paper 
- might have been avoided. _ Fortunately, the entire re bridge was not lost and a 
State of New Hampshire ¥ was able to take. charge and repair it. 
7 _Offhand it would seem that the cheapest method of supporting the bridge — 
ee would have been to use falsework towers as was done originally. 5 

_ So far as the writer knows the conditions were the same as when the = 
was first erected, except that the water was deeper in the pool. This would — 
B-... longer, and possibly a few more, piles but it would have been balanced — 
_ by shorter timbers in the framing of the towers. 
gi _ If the work had been done after the spring rise, when the ice was gone — 4 
- d before freezing weather, there would have been very little risk, even if ae : 
summer flood had occurred. _ Assuming that the erection cost of the bridge 
- originally was one-half the cost of the superstructure, or $20 000, and taking : 


a ‘into account the new repair material, it is difficult to understand the lumpeum 


of 


Miu 


bid of $120000. On the “cost plus” plan the State assumed the risk from 
na operating hazards, and if this had been done for the lump-sum plan this bid 
7 would probably | have been much cheaper. Allowing for the changes in the ao ‘ 
_ abutments it would still leave a difference of $50 000 to $75 000 to be explained. os -, 
atu The writer hopes that the authors will give the costs of the repairs in detail; 


ae 


— 


a that is, , the abutments, new repair steel, erection including cables and the 1 new ; 
floor as well as information as to what was covered in the lump-sum bid. ‘ 
é a Ss All this does not in the least detract from the high praise due the engineers — a 
oa for the skill whereby the span was shortened from 540 ft to 486 ft and the a 
a 2 spring-line pins raised 17 ft. The success of their scheme is the result of bold et 


— 


- careful planning, a and constant care. 
E oat The original bridge was s erected in upper New England, over a capricious 
- 5 river, in the depth of winter because of the delays of the Committee in awarding — ae 


a the contract. _ The bridge was repaired, also, in the winter months, probably e 


we due to the delays of the “powers above” in reaching decisions. — It is to the 

zn glory of engineers that they are willing to accept difficult and hazardous condi Bs 
% tions forced by circumstances beyond their control, without wasting time 


quibbling about them, and that they then proceed to these hazards 


Gre 


4 
_Convz B. M. Am. Soc. C. E. (by letter).— —Congratulations 


are due the authors, not only on a most coherent presentation, but also on an 
exacting piece of reconstruction, efficiently and safely performed. aptly 
= emphasized i in their report, jacking operations on m major structures are normally ‘ 4 
he conducted under conditions of rigid stress control, whereas in this case + ae 
oe distribution of stress at the beginning of jacking operations was highly prob- — 45) 
 Jematical. The care which they exercised in controlling both the ‘magnitude 
the position of the applied thrust leaves little to be desired. 
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partial offset for the benefit of increased power production. As is usually. fe 

case, the local authorities were incapable of handling these matters against al 
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It is gratifying indeed to see a “repair job” of this character r accorded the © ay “aa 
= distinction of a detailed technical write-up. In general, repair work has earned poet a a 
few plaudits, notwithstanding the fact that its technique often calls for design ae a 
. and erection procedures more complicated and d involved than in new construc- a 
rs tion. _ Moreover, marked economies are generally effected; and in the present 
‘. instance, the expenditure of approximately $120,000 operated to save the cost — 
of a new structure which the authors point t out would h have amounted to several se 
imes this sum. 3 Economies such as this are all too frequently lost sight of re 
the enthusiasm for new construction. «= 
An instance which occurred many years ago involving the Morrison Street 
‘ Bridge in the City of Portland, Ore., illustrates the economies which are some-— 2 
re times possible. This structure consisted of a 384-ft draw-span flanked on -.. 
‘: one end by a 205-ft fixed truss span and on the other | by 1 two spans at 267 ft. ne 
- In 1919 this structure had apparently been outgrown by its traffic, and was 
- in a rather unfortunate condition of disrepair. The floor system was inade- A 
Eppa the eye-bar chains over the draw-span t¢ towers were seriously overstressed, a a 


as were most of the compression members in 1 the bottom chord with | the : span a 


“| 
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(a) Estimated cost of r repairs 


(0) Estimated total maintenance expense for en- 


Total cost during ensuing 12-yr period for 


repairs, renewals, replacements, and ordi- 


nomic com narisons: hae 


‘This: report. was finally adopted, the repairs: at a of slightly 
~~ than $200,000 and the structure is still carrying unlimited and unre- 
fet traffic after an extended service period of nearly twenty years. ree 
instance is typical of many wherein distinct: economies accrue from 
the maintenance of old ‘construction even if the repair work involved is 
and somewhat hazardous. 
In connection with the adopted jacking the authors men-— 
tion the extreme sensitiveness of the system, the slightest variation in pres-_ a 
sure on the jacks being instantly discernible in the device 
stretch. They also mention a rather peculiar difference between the 
of the tower jacks at the two ends, involving an automatic drifting 
of the far jacks with little or no pumping. _ These two ) qualities—extreme = 
-—sensitiveness and an inclination toward erratic behavior—seem to be somewhat ; 
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: bridge over the Rogue River in | Oregon. 

seven 230-ft reinforced concrete arch s spans, and the dnatuiont was , performed ; 
at bas accordance with the Freyssinet — 
method, by means of an hydraulic | 


system, ‘consisting of a battery of 


four 275-ton jacks installed at the 

crow n of each rib. During decenter- 
ing” operations, observations 

Z made of: (1) Total jack thrusts and = 

“ moments; (2) crown openings at ex- 
 trados and intrados; (3) _vertical 
=| movements at crown, spring line, 
=| and intermediate points; (4) internal 
strains at extrados and intrados 
_ five sections in each span; (5) rota- 
tion of rib axis. ‘st quarter 

points, skewbacks, and piers; 


horizontal | movements at spring 


a a sliding scale and -vernier, , 


movements by means of a system of 


water levels, horizontal | movements 
! by weighted invar wires, and in 
a 4 ternal strains by an installation of — 
electric telem eters. The hy rdraulic 
_ jacks which were manufactured espe- 
cially for this job b by the manufac- 
turer, who had previously designed 
and constructed similar equipment for 
M. ‘Freyssinet, are shown i in in Fig. 16. 


oa was increased the rate of crown aprendi increased gradually to Position 4. 
_ This increase in rate was due to the fact that, as more and more of the load was 
ee taken by the arch, the reaction of the centering against the ribs became corre- 
spondingly less, with the result that the frictional resistance to rib shortening was © 
. In Position 4, the e safety rings were tightened, and the arch was 
allowed to stand ov ernight o on the jacks, during which period the crown ga ; 
closed 0.03 in. due toa tightening up of the safety rings. When the decenter- 
ing thrust was again applied, an additional crown spread of 0.1 Lin. 1 was observe ee 
without increase in thrust. A shortening of 0.02 in. can be accounted for wo 


the intervening drop in temperature; and the residue represented restrained © “a3 ‘i 


hydraulic jacking system in connection with the decentering of the highway indi 
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in 
nd shrinkage effects readily detectable on pressure 
ne Another interesting phenomenon is indicated in Fig. 17 which contains — 
graphs of crown thrust versus crown spread for Spans 6 and 7 
that whenever the direction of motion was reversed, a a change i in thrust of about _ 


Horizontal Crown Spread, in inches 


a 
0.4 


ES 


Set 0.11" 


Crown Thrust, in Hundred Thousands of Pounds 


“Fie. 16. —Srax No. 1; First Run, 15 ane 16 (Cawrans IN fe 
0 ‘000 lb was necessary to reverse the motion. This rather puzzling condition — 
ised throughout the entire ‘range of these experiments, and was closely 
_ checked by the telemeter readings as well. It was thought at first that jack 


cote might account for it, at are: panty; howev er, a careful calibration of 


F 
gages. "The only ‘other was that the joints and 
a ‘atioulations i in the spandrel structure, although theoretically free to move, 

_ possessed: a distinct and fairly constant resistance to rev versing 1 motion. ue 

e| The w ter was reminded of this rather perplexing action w hen he a 
the authors’ description of the drifting of the distant tower jacks during the 
Ww alpole- Bellows Falls structure. Contradictory and con- 


; fusing phenomena are not infrequent i in hydraulic “adjustment setups of this 


utility for hydraulic jacking adjustments than is is ev idenced present usage. 


Whe “weighing i in’ ” of reactions on draw-s -spans and on continuous trusses and 4 


girders not has the advantage of greater but also to 


support or a ‘plastie “take-up” n 


It will be 
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i 


installations of this kind it are appear are inde. 

pendent ‘methods for stress. determination which | may be used as a mutual. 
: —_ check. These are: (1) Strain measurements by means of a ete of ec 
eters, telemeters, or device; 
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structure under adjustment; (3) | measurement of reaction displacements 
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NELSON w BELLOWS FALLS BRIDGE 
aed ‘The paper per will undoubtedly serve a most useful purpose in siniiaias 3 
interest in this somewhat complicated phase of construction endeavor. 


H. M. Netson,’ Assoc. M. Am. Soc. C _E. (by letter).—An ice jam 
the | Connecticut River, composed of very large, thick cakes, which had been | 
ye - stalled for about four days at a point 6 miles above the Walpole-Bellows Falls 
steel arch bridge, passed through the bridge in the afternoon and evening of © 


March 17, the surface | of water anc and ice at that: time was only 


ba. ‘backs and extended beyond the first panel points, when the dam just below 
bridge was Taised some years ago, the bridge : steel s suffered 


a crash at the was bey is probable that the damage to the 
Hampshire end of the bridge occurred at that time and that it was caused by 
p: a large ic ice floe. Because it was dark there were no eyewitnesses. — _ The water = 
i 


During the early forenoon of March. 19, when the Connecticut River was 
at Elevation 124.6, and near the peak of its flood, | & floe, composed of ice that 


a had been thrown out on a meadow during the run of the i ice jam (or that had» 


‘such a manner that the blunt front end of it struck the lower chord of the up a 
stream arch near the second panel point. This floe appeared to | have an area 
of a a quarter of an acre or more. . Just p previous to the breakup, the river ie 
had been found to be 18 to 24 in. thick. Assuming it to be an average of | 
21 in. thick, the floe must. have had a weight in excess of 500 tons. The 
of the river above the bridge ‘was about 4 miles per hr. ‘The impact 

caused the entire structure to vibrate so violently that the writer, who was 
leaning over the bridge sidewalk railing to observe, was thrown ‘to the floor. 

. w hen the ice floe swung around toward the center of the river and passed 

t along, ‘it could be seen that the lower chord had a sharp offset about equal to aT 

f - its width. The actual damage to the New Hampshire end of the bridge 1 was 
not discovered until the next day when the flood waters had receded somewhat. oe 


4 The decision to ‘Teject the first Plan of repair which contemplated Placing © a 


large number of pile bent supports in the river channel was aw ise one, as 4 


a was proved later when, in January, the ice in the river broke up over a cistance a os ‘S 
of nearly 12 miles and came to rest only about 2 miles above the bridge. At 
this time the bridge v was ; supported on the temporary pile bents driven at the ae” 
edges of the river and protected by up- “stream pile bents and sheeting 

The have written very clear ‘and description of an an 
designed -repair project completed u under difficult river and 
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WALPOLE-BELLOWS F! G 7 
Esa., Epwarp J. Ducey,® Esq. (by letter) —The 
_ writers are gratified to find that their paper was of some interest to the en- 
gineering profession, & and d they wis ish to thank the several members for their — 
disgt ussions. They have gained considerable satisfaction from these 
particularly the one submitted by Mr. McCullough, which are indicative @.:2 
the careful reading that the paper received . Mr. _Nelson’s authoritative ws 
Z, - ser iption of the flood and the ice floes, together with the effects on the ‘structure, 
_is invaluable. The January thaw to which he refers was of short duration. _ . ¥ 
7 Had it continued for a somewhat longer period, the temporary protective 4 
ae the temporary ice fender, etc., undoubtedly would have been subjected 
—" to a severe test. cillaiaes Therefore, as he points out, their cost and construction vere 2 
AS revealed by Mr. French’s discussion, the writers did not state that 
pedestrian traffic was maintained over this bridge throughout the entire prog- 
i — of the work, and they did not stress sufficiently the seriousnann of the 
property damage t that have from the loss of Structure. 


_ span were dropped in the river that the safety of the structure during repair 

operations was the supreme consideration in planning the procedure. 

‘The writers propose to close the discussion of their paper 
in connection with several features referred to in previous discussions, the costs a 
= of the» various parts. of the work, together with some of the mor more moe 
Teasons for adopting the scheme | used in making the repairs. 
a It is interesting to note that the lateral bracing of the pe structure was 


necessary forms were constructed but the concrete was never 
i: stated by Mr. Rights, the : raising of the pool level in 1928 some 10 to 12 ft 
i. should have been contingent upon the proper protection of the abutments. 
The writers are not in & position to state why neither was done. The | State — 
a. Highway engineers 1 recognized the hazard to which the structure was subjected _ ee 
and had studied several schemes for protecting it. . Lack of funds, however, — 
_ prevented the consummation of any 0 of these schemes prior to the flood of 1936 
— e Mr. Rights states that had it been possible to proceed with the reconstruc- 
_— tion during the summer months, falsework in the river would not have been 


subjected to unusual risks. Granting that this might be true, it was 


T 
a 
I 

it 


wk 


A mio other rivers as well, whieh were destroyed. Iti is obvious that some time af 


% probable cost of replacements, prepare designs, a and determine | on the ‘proper ay 


Ne sequence of | construction. _ is Except for pedestrian. traffic, the reconstruction of 
: this crossing was not so urgent as was most of the others, since there was a 


Designing Engr., Bridge Div., New Hampshire Highway Dept., Concord, N. H. 
Designin Am. Bridge Co., Pittsburgh, Pa. 
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WALPOLE-BELLOWS 


therefore, to make ‘only such temporary repairs s as insure e the 
_ stability of the structure for pedestrians only until proper repairs could be made, © 
4 and i in the meantime, replace, as rapidly as possible, the structures that had © oe 


In some cases the State Highway engineers found it necessary to construct - 
temporary bridges in in order to maintain traffic with as little interruption as 
possible. prevent loss of material in these temporary structures it was 
desirable to complete the construction of the new bridges at these locations — a 
Rs _ prior to the high waters of the following spring. _ Although every effort was 

made to complete the p program 1 along these lines, two temporary bridges over 


The surv: survey ey of the damage this | span vand the for recon- 
_ struction were made by J. R. Worcester, Hon. M. Am. Soc. C. E., and his asso-— 
- ciates, who were consulting engineers. Although these plans were furnished ee. 
_ the State within a reasonable time, and bids were called for shortly after the plans — 
9 were received, it was not until the last of June, 1936, that bids were obtained. ; 
7 oS Obviously, then, unless the work could have been completed in about = 
: _ months, which did not seem altogether probable, it would have been extended — 
- into the winter months, or otherwise delayed entirely until the following spring. =. 
_ The condition of the bridge was such that it seemed very unwise to let it stand + 
another winter, subject to floods and ice action, and the plan proposed 


_ by the consulting engineers seemed too vulnerable to the same elements to be 
4 undertaken at the time of year when the evident uncertainties involved in the — 
_ work were so likely to cause delays. It was because of these considerations 
i that the ahi finally adopted was proposed rather than because of economy 
:- alone. Even if it had been possible to proceed with the work during summer 
_ months, however, the writers ar are of the opinion that the scheme adopted v would 


oe ‘The scheme originally proposed for doing the work called for the Sealiied 
id of six temporary wooden towers to support the arch trusses during the removal 
‘a 
of the damaged ends and the reconstruction of the abutments. ti These towers 
Were arranged in a general way very similar to the original falsework used to 
" erect the span in 1904." ea They varied i in height from about 25 ft above normal — 


“water lev el at the ends of the span to to about 80 ft near the middle oa ere” 


1 eee of miscellaneous staal beams, and 144 wooden piles, 45 to 60 ft long, -_ 

would have been needed. Long timber piles in this section of the country 4 

_ are difficult to obtain locally and are relatively expensive ve if imported from other — ; 

sections. The fact that it was not considered safe to work from the bridge | 
deck to 0 construct this falsework ¢ (because | of the damaged condition of the struc- 


ne would have necessitated some means, such as auxiliary falsework or the 
construction of floating to move the erection rig, drivi ing outfit, 
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ete. Sas tower site to tower site. “The ri river at this location is not navigable, 


80 that floating equipment, if used, nae to be brought i in by overland 


filled ‘the channel with this kind of timber « ‘The orig- 
_ inal falsework used in the erection of the bridge was constructed by the use of 

“Chicago 1 Booms,”’ each tower being erected from the previous one , and | the | 


‘steel was erected by -the : same e booms: in a similar manner. Obviously, this. 


seemed to the contractor’s engineers to be a more expensive 


of 56 wooden 45 long—all of which could be erected 

working off the shore with comparatively simple e erection equipment 5 

In this procedure the amount of field work was considerably reduced by 
increasing | the amount of 1 of material to be fabricated i in the shops while ile the field we 


‘alse- ing and | Abut-_ Railing 
Description ‘replacing 4 and deck 


900. a $ 1 300: 128.03 $ 327.39 
| Designing and drawings 308. 30: 832.82 
_ | Materials and 
4 | Structural steel. . 


= 


7 Labor. $930.00] 13 726.48 
Plant and. equipment 
Insurance (prorated) 
Overhead 


7 


Subtotal, project on cost 
Ww ork Not Covered by Cost- ‘Pin 4 


New I-beam deck and railing. 930.12 15.930. 
26 293.07 930.12 | 49 587. 


‘61 $23 926.27 


2 work was progressing. u This method, furthermore, provided an open chan el 


me The actual cost of the wey and the distribution of the. costs to » the dif- 
ferent subdivisions of the work : are show: n in Table 1. From this table it will 
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alll 
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+4 
= 
4 bey. tot 
at 
— _bas 
List 
— 
4984.90] 5122.80 | 27 764.18 
1495.50, 118218 | 797862 tip 
= 1276.76) = 818.57 | 8 622.82 
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“This included 
big labor and materials required to lift the span from the duiattat and make _ 
it ready for the removal of the parts to be replaced with new steel members, 
88 well as the labor necessary to warstten the same falsework material at the 
ae The contractor’s estimate of the cost of the equivalent falsework required 
f accomplish the same purpose, working in accordance with the original plans oo 
oe for repairs, was $72 000, which did not include any allowance for contingencies. % 
‘The difference between this estimated cost and $27 529.98, the actual cost of 
~ falsework as shown by Table 1, represents a saving in favor of the scheme 
because the bid submitted by the contractor was tendered onacom- 
received, although plans and 
were taken out by severalcontractors, 
e. _ Adding the amount of the contractor’s estimate for the falsework to the 
total of Column (2), Table 1, , work common to both plans of procedure, makes 4 
} a total of $104 459.77, whieh would represent the cost for the work on the 
basis of the original plan, exclusive of any allowance for contingencies or haz 
“ards. 4 This amount deducted from $120 000, the amount of the original bid, " 
eaves $15 540.23, approximately 15% to cover these items. _ The actual direct 
‘expenditure for contingencies is represented by the item of $7 364.63 for the a 
cost of the ice fender. — Had a second ice fender been found necessary for the 
protection of the New Hampshire end of the project, the total expenditure 
for would close to the ‘contractor’ 


The bid covered o1 only the items listed in Columns | (1) and (2); 
a? was to construct the necessary reinforced- conerete additions to the ex- _ 
sisting abutments: for the protection of the steel. The decision to Tenew the 
4 railing and deck was made at a later date and the assignment of part of the 
work of reconstructing the abutments to the contractor was incorporated -& 
cost-plus agreement at the time it was to handle the on 
— 


The reconstruction of the abutments seewe to be the most difficult ae 
time-consuming part of the work due largely to the difficulties encountered in 


Shing the the original plan» was altered by the substitution 


ilowed the writers are convinced d by the experience with the foundations and 
abutments that the falsework would ‘h have e been ¢ destroyed and the structure 
- would have been lost because the work, according to the revised plan, was oe 
pr ogressing when the January flood occurred-and had been delayed only oho 
six weeks because Of the revision of the plans. 
In Table 1, Items 4, 5, and 6 include the cost at the bridge site of the steel 
a bearing piles, cages, temporary and also permanent fabricated steel, 


piles, erecting all steel in athe foundation ‘and superstructure, all falsework labor, 
old and falsework, al of old timber deck and 
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dams, the placing of and all reinforcing steel not included i in 
= 8, and the furnishing and placing of stone rip-rap around the abut- 

Reference to the tabulated | costs indicates that the work covered by ns 
- original bid of $120 000 was accomplished for approximately $67 350, due to ot 
changes in the method of procedure. This in no way reflects on the original — 7 
plans prepared by t the consulting engineers . They were well conceived and _ 
prepared; they served excellently as a basis for the invitation for bids and for ae 
the designation of the work to be accomplished. The job was essentially : 
; - steel- -bridge erection project, and on such work the choice of methods i is always 

left to the erectors. ‘Governed by available ec equipment, personnel, and 
other factors, no two contractors are likely to choose the same procedure, and 
: the success of the project often depends | upon n ability to recognize opportunities — 
and the skilful change i in plans to take advantage of them. 
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‘AMERICAN SOCIETY OF CIVIL ENGI BERS 


WIND BRACING ‘STEEL BUILDINGS 


a FINAL REPORT OF SUB- COMMITTEE NO. 31 | Te 7 


NSACTIONS 


‘ 4 
= OF THE STRUCTURAL DIVISION 


After a period of activity extending over ten years, during which it has — 
"issued six Progress Reports, some of them of considerable length, the Sub- 
Committee submits its Final Report. It is impracticable and Wamnonentty, of 

s course, to restate in detail all the facts elicited during the investigation. td The aaa 


2 more important aspects of these and the conclusions and recommendations 


: (A) Prescribed "Wind Force; (B) Provisions for the Resistance of Wind a 
—( C) Allocation of Wind Force to Braced Bents; (D) Types of Wind Bracing; 
_ (E) Methods of Analysis of Shallow Wind Bracing Systems; (F) Methods of _ 
emer for Shallow Wind Bracing Systems; (G) Methods of Design for Deep Is 

and Mixed Wind Bracing Systems; (H) Secondary Stresses; (J) Torsional Ef- ; 
fects; (J) Deflection and Vibration; (K) Permissible Stresses; (L) Stability; 


1. External Forces on on , Buildings with Res Surfaces Normal to the Wind.— _ 
hh its First Progress Report,! the Sub-Committee reviewed at some length the Ma o 


available information respecting the magnitude and character of the wind force © ‘2 
< that might be exerted on a building and made the tentative recommendation) 4 

that, including gust effects, the force be considered as a pressure of 20 lb per _ 
at ft on buildings with vertical plane faces for the e first 500 ft of ft of height, i increased 


2Ib per sq ft for each additional 100ft. 
Nn In consideration of the very serious — of certain high winds that have ; 


ae 
a 
_ 
ae 
4 a 
— 
A 
— 
— 
he Sub-Committee, in its Sixth Prog he20Ibper 
ca | _ hazard with increasing height, the stion by recommending that the 2 — ei. 
adinge, Am S00. C.'E., June, 1090, 996, 


4, 
gq ft applicable for the first 500 ft of height | be aia , above this 500-ft 
‘ar level, by 3.5 lb per sq ft for each additional | 100 ft of height. > adel iF oe 
Still further consideration of the matter led the Sub-Committee to accept: 
7 the view of Robins Fleming® that the increase of the wind force with height _ nf 
- should begin at the 300-ft level, rather than at 500 ft. _ Above 300 ft the force, — a 
as finally recommended, increases by 2.5 Ib per sq ft for each additional 100 ft es 


a height, thus giving 37.5 lb per sq ft at the 1,000-ft level and 50 lb pe 


(5) Albert Smith and 


American Concrete 
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Height 


New York and Chicago, _ 
in Years - P. Wing 


Force, in Pounds per Square Foot 


F. the 1,500-ft level. ‘The relation of this final recommendation to the | previo 
“J progress recommendations and to certain other proposals is shown in Fig. i rs 
«i eh to be understoo od that the wind force recommended herein is in the 


Rewer of a minimum ‘standard wind load for the United States and Canada. p: 
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— or tornadoes. Su 
. es or to 


; has been made i in the prescribed wind force for the effect of air currents sills ¥ 
vertical f faces obliquely, either i in a lateral or vertical sense. 
Py. From Curve (3), Fig. 1, the adopted wind force of 20 Ib per iq ft for the 
; ‘first 300 ft of height corresponds to a wind velocity of only 77.8 miles per hr. 
Kf Consequently, a substantial amount of shielding is tacitly assumed to exist. © 
f Havi ing regard for the uncertainty respecting the permanence of the shelter ae 
ay building, and the desirability of having the same basic wind force for the “= 
_ lower portions of tall buildings as for low buildings, the Sub-Committee fnaly 
recommends that no additional shielding be assumed and that the omission of 
* wed force for any portion of the height by reason of shielding should not be — 


“ 2 Pressure and Suction.—As was pointed out in the First nn Report,! 


it is not necessary to div ide the wind force into pressure and suction poe 2 
_ when dealing with the bracing of tall buildings. However, this may need to 
i be done for structures with rounded roofs, such a as armories, hangars, and a 
4 sheds, and for mill or other buildings | with large, open interiors and ws 
x which large openings may occur. . For any building, possibly high local suction 
effects, due to. bad aerodynamic properties of the building profile, should 
maveatigated i in relation to secondary members and the attachments of roofing. 
q a. ae study made by the Sub- -Committee of the wind forces observed for for wi 
os ward and leeward vertical walls of a large number of models and reported i in 
ite Fifth Progress Report,‘ indicated that, where q is the velocity pressure of - 
i the wind, an external pressure of 0.8 ¢ may be exerted on the windward wall ie 
alldings of av erage rage ratio of height to width and an external suction 1 of 0. 5q 
x on > leeward wall. For an air density of 0.07651 lb per cu ft, corresponding 
5° C, at 760 mm of ‘mercury, and where the ‘velocity V is is expressed i in miles: 


hour, the > velocity pressure in pounds } per square foot is given by. rs 


f a. and leew ard vertical faces of an average building may be 1 3 3g, or 


per sq ft is 77.8 per hr. The velocity pressure for this wind 
to Eq. 1, is 15.5 lb per sq ft. 


= 
External on Plane ‘Surfaces Inclined to the Wind. —Following 
study of all the available experimental data, the Sub-Committee, in its Fifth * 
Progress Report, proposed certain external wind forces on the sloping ‘Surfaces ; 


_ of symmetrical gable roofs. These have been slightly 1 revised and have been bs a 
_ restated so as to give the foree i in pounds per square foot, rather than in terms | a : 
of the velocity pressure. — For surfaces not more than 300 ft above the ground eH 


and for both symmetrical and unsymmetrical gable roofs, where a is the s' 


slope 
of the roof to the horizontal, in See, the mee wet! forces are as 
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WIND BRACING IN STEEL BUILDINGS 


end voip (a) For a not greater than 20°, a suction of 12 lb per sq ft. = 


For a between 20° and 30°, a force 


For a between 4 30° and 60°, a force of 


phe For a than 60°, a pre pressure of 9 lb p per sq ft. 


me Rabe bit ian (a) For all values of a a in excess of zero, a suction of 9 lb per sq ft. 
i 7 The external wind forces applied to the windward slope are indicated graphically — ” 


| 


id Force, in Po 


=- . 
5 


2.—RELATION o EXrTernat V Wien on Winpwarp SLope or GABLE TO Row thie 


if 

4. External Forces on Rounded Roof Surfaces. —A corresponding study of a 

the observed external wind forces on rounded, or approximately rounded, roof 

in the Fifth Progress Report: ‘led to recommendations ns which 
in this Final Report are revised and stated in pounds per square foot of surface. 

a Considering the rounded roof as represented roughly by a circular are passing — " 

sy through the two eaves and the: ridge, or, where the roof slope starts from ground 43: 

level, through the springings and the ridge, and letting the ratio of rise of the oy 


are to its be r the recommended forces, for ‘surfaces not more than 
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BRACING IN STEEL 
(1) Windward Quine of Roof Arc— 
For roofs ofs resting on elevated vertical ‘al supports: 
7 hen r is less than 0.20, a suction of 12 Ib pe per ‘sq ft. — ne 


When r is greater than 0.20, a pressureof 


p= 


(a) For ‘roofs resting on ane ated vertical a 


The external wind forces applied to the windw ard ‘uta and to the contra 


half of the roof are indicated graphically i in ‘Fig. 3. 
_ 6. External Forces on a Flat Roof—For a flat roof a asia suction of not 
me less than 12 lb per sq ft should be considered as applied to the entire roof surface. er a 
i 6. External Forces on Walls Parallel to the Wind. —On walls parallel to the la 
wind an external suction of 9 Ib per sqft should be considered. = q 
i 7. Internal Wind Forces.—As was pointed out in the Fifth Progress Report,‘ — 
the wind force to be assumed in design is to be taken as the applicable external 
_ wind force (given in paragraphs 3-6) only in case the building is airtight. Such 
condition will rarely arise. Normally, air leakage due to the usual small open- a 
_ ings around windows, doors, skylights, and eaves will give rise to an internal _ 
"pressure or suction of from 0.25 g to 0.35 g, depending on whether the openings 
_ are chiefly in the windward or in the leeward surfaces.’ In the rapid building 
2 up of gust velocities, the air transfer may. be so slow that the internal force is 
less than this. In standard N- -790 of The Netherlands,’ the external wind Bad 
- forces have all been adjusted to take account of an internal suction of 0.2 q¢. _ 
; Das Where openings are of substantial size, the internal wind force may - of 


the openings are in surfaces, in leeward or in surfaces varallel 
to ‘the: wind. Very large internal pressures have been, and may be, built up x 


— 
— 
— 
= | _ Alternatively, when r is between 0.20 and 0.35, a force of — 1 i 
— 
— 
Leeward Quarter of Roof — 
eeward Quarter of Roof Ar¢— — 
— 
7 
ring 
— 
ve 
of il 
sh 
he because Of the breaking Of windows on the windward side of buildings byreason 
= es i of flying gravel from the roof or other objects carried by the wind. The Sub- a ee 


Committee i is of the opinion tte the only simian for which the internal wind LC 


is force should be restricted to the amounts mentioned in the preceding paragraph x 


are those for which the construction is such that the doors and windows cannot 


be broken in, or with only v very small areas taken up by windows and doors. 
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Fic. 3. or ExTernat Winp Force on Rounpep Roor To Ra 


Particularly large’ internal forces may arise when the windward or the 
ward side of a building is s completely open. ' The German regulations, 8, effective 
= June 18, 1938,° provide that, for structures which are entirely open on 
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one or more dix or sian oe be ‘opened, or which by reason of one or more baw 
openings in one or more sides are at least one third open, or can be opened to 


this extent, a normal internal force of 1.2 q acting outwardly is to be eassumed as a 
applied to the underside of the roof. — _ This is in addition to the external ie : = 


=4.5+0.2 


are Foot 


unds per Sq 


in 


ind Force, 
& 


ota @ USSR. Tests ail “id At ns 

x 0.8 Times Velocity Pressure 15. se Miles per bal 
05 Times Velocity Pressure ¢,(= 15.5 Miles per 


of 0. 4q q ‘on n the leeward side of plane: roofs, and is specified with a view to insuring 
proper anchorage of the roof as well as of the attachment of roofing sheets — a 
Based | upon the investigations re reported in the Fifth Report,‘ 
on subsequent study and observation, it appears tha reasonable 
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4. lb per sq ft normal to walls and roof. 


Mi Veing opened or broken open, an internal pressure of sind a per 8q ft, or an in FE F 
ternal suction of 9 lb per sq ft. tom 


0 to 307% =f the | wall ‘space, an internal pressure of 


proposals are indicated graphically i in Fig. 4. 


8. Design Wind Force for Building Surfaces.— —On the basis of the mig tf 
oe Sub-Committee would recommend that the design wind force applied to 
any surface of a building be the combination of: (1) The appropriate external 


wind force indicated in paragraphs 3- 6; and (2) the appropriate internal wind 4 


«9. Wind Force on a Series of Roofs—W here a series of roofs exist in one a 
building, one r¢ ‘oof lying behind another and being nominally. masked by it, , the ae > 
structure as a whole is to be designed for the full wind load on the first roof, in i 
_ accordance with paragraph 8, and for 80% wind on the other roofs. fs. Any: one 


roof, however, is to be designed for the full windlosd.” 


es Adjustment for Surfaces More Than 300 Ft Above the Ground. —W hen the 
- surfaces 1 mentioned in paragraphs 3-8 are more than 300 ft above the ground, — 
the external and internal wind forces should be scaled up in the proportion that . 
the prescribed wind force on plane surfaces normal to the wind indicated for 3 

the | level under consideration i in Fig. 1 bears to 20 lb per sq ft. ee Pee: 


PROVISIONS: FOR THE RESISTANCE OF Wind” Force 


Effective Wind —Proper design of wind inv pro- 

vision for stability, strength, and rigidity. The relative importance of these — 
three factors varies considerably, but adequate consideration | must be ee 

The frame of a building i is made up, in general, of vertical muna (coh 

i and horizontal members framed between the verticals (beams and 7 

. re _ girders). 7 In tier buildings the horizontal members of the floors occur at finial 
P regular intervals throughout the height and, with the floor ‘slabs, form hori- sige a 


zontal diaphragms uniting the columns at each floor level. The purpose = 


fa 


the wind bracing is to preserve this’ frame from undue distortion when -sub- 
jected to horizontal forces, Vo 
-__In a building frame as described, the tendency of the panels formed by the 

columns and their connecting beanie or girders to distort, due to. horizontal — 
= is resisted otha the connections at the columns and = the members "ie 


For buildings that, although nominally airtight, with closed doors and ben 
and unbroken glass, are nevertheless more or less leaky,” by rea- bent 
— -____son of numerous distributed small openings, an internal pressure or suction of _ tio 
thru: 
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BRACING IN STEEL BUILDINGS 


nding ” direct stress. Where several columns occur in a line, they form a 


“tions, and the nature. of the” bracing utilized) tends to ‘resist the 
thrust in the manner of a vertical truss with the columns forming multiple 
chords, and the columns, beams, and girders forming the web. The columns ~ 

on the windward side of the axis of the bent become tension chords and nore 
the leeward side, compression chords§ 
ols a successful design the building must be assumed to act as a unit, and ; 
not distort appreciably when subjected to the applied lateral 


bn 12. Floors as Horizontal Diaphragms.—The floors of a building g must act ae » 


i | horizontal diaphragms for the delivery of wind-load increments that arise in — 


- each story to the braced bents that are provided to receive them: . Bracing b- 


_ planes usually 1 run in more than one direction, and the floors must possess ess the 
“necessary strength and rigidity under loads in their own planes to deliver these 


wind loads. If the floor is incapable of serving as a horizontal distribution — a 


~ unit, horizontal bracing should be provided between the braced bents. Most oi. 
of the customary systems of floor construction used in fireproof buildings pos- * 

«18. ‘Role of Walls and Partitions. —As ordinarily constructed, the walls. of ~_ \ v4 

9 ‘Saadere tall building cannot be relied upon to absorb any appreciable fraction _ 

: of the applied \ wind force. _ Apart from the uncertainty as to whether the walls = 

1 act integrally with the frame at the outset, it is obvious that if stressed heavily . 
under horizontal loading they would. crack and cease to be a dependable element 

dd strength.* In setback buildings, the walls in the planes of the tower 45 

_ of course, are discontinued below the roof of the widened portion of the building. — 

& Nor can wind resistance be counted upon for partitions, which, in general, are 
“Temov fable. For! these reasons, whatever may be their réle in lessening 
tion and vibration, walls and partitions i in buildings having a high ratio of height : + 7] 
_ to width should be ignored in strength calculations, and provision should be 

for the entire recommended wind load. 

is recognized, of course, “that buildings of low height-width hav- 
ing heavy continuous walls derive much bracing advantage from the walls. nr 
Whether added bracing i is necessary or not be left to the 
judgment of the. designer i in each particular case. 


Placement tof Wind hereas i in buildings of moderate 


"proposed in tower-like ‘buildings placement of adequate should 
given attention in the early architectural studies at 
% If the floors meet the requirements already given (or in the event that aS 
don not, if they : are adequately supplemented by bracing in horizontal planes), — 

- there need be no maximum limit of spacing of braced bents, nor any a 
temnceed on carrying all the wind force to the end or side walls, # the Spree 
is sufficient to provide for the entire wind force.® 


Am. Soe. C. E., June, 1939, p. 1024. 
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advantageously in outside walls, or elevators or around 
= manent shaft or service areas. Provision can be made in the floor construction 

for horizontal transfer of shears at offset levels. 
“ mt Wind Resistance in Accordance with Bent Stiffness. —Granted that the 
floors are > capable of serving as effective distribution diaphragms for the “re 
wind loads, and that the columns at a given floor level remain at fixed distances — 
from one another, the various braced bents passing through the floor can be % 
considered as taking loads in proportion to their rigidities and inversely as | the 
deflections that would be produced in them under equal loads. For sym- a 

: _ metrical to towers under symmetrical loads the deflection of the braced bents at ¥ 
any floor will be equal and the loads will be distributed in proportion to the 


a _ The method of determining the relative indexes of rigidity was explained “y 
bos a ‘ carefully i in the exposition of the Spurr method in the Appen ndix of the Third 4 


not 
re Sees 16. General-— The type a and arrangement of of wind bracing required v will vary 


ay 
with the size and shape of the building, and the judgment and experience 
_ of the designing engineer will have an important influence on its form, place- ‘7 5 boi 


‘Zn 


ae 


Although it is not practicable to standardize the of bracing 


a , “for special buildings, such as armories, hangars, sheds, and mill buildings, cer- ee 


tain types are repeatedly used for tier, or multiple-story buildings. 
For buildings of moderate height and proportions, shallow bracing involving 


form of “knuckle” connections is most frequently used throughout, as 
was pointed out in the Prverw Progress Report. 1 This method of providing i 


4 against wind force entails considerable deflection of the building, and ‘conse- 
a query for high or narrow frames the inability of such bracing to hold deflec- ‘ 


Bracing consisting of full knee braces, or K-frames, with 
. arrangements i in respect of openings i in the panel, have been shown 1 in the Second - e 
a hd Progress Report. The most effective and economical bracing consists in - 


= troducing either single or double diagonals crossing from one intersection of t ee 
girder with a column to the diagonally opposite intersection. 


Combination of Bracing Types. —W hen gussets, knee braces, or frames — | 
oo he are introduced, they add materially to the strength and rigidity of the beams | 
and columns, so that their use tends to concentrate the wind resistance in the 
| ae panels where they are employed. fs Although the use of one type of bracing in ee 
; 3 one panel of a bent and another type in adjoining panels presents no great = 
difficulty, analy sis must be based on equal web deflections in such panels, 80 


In the design of wind bracing details the paramount consideration is 


b 

“4 loaning of distortion and the prevention of large wont deflections arising there fl 
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“WIND RACING IN BUI 
rom. practice to the design of details was presented i in the 
| 


Mernops oF ANALYSIS oF SHALLOW WIND YSTEMS 
18. General—For investigating the adequacy of an existing or proposed _ 


ystem of wind bracing, whether properly proportioned or not, a convenient = 
and sufficiently accurate method of analysis must be available. To this ae re 
| the Sub-Committee has reviewed a number of existing methods applicable to 
: bents with shallow bracing and has developed >d some others of f novel character. 
‘ rs In the Third Progress Report! the merits and limitations of the portal and 
_ the cantilever methods were discussed and a detailed illustration of the applica- 
ee. of the Spurr method to a typical situation was given. _ ‘The general status 
of these methods may be stated briefly as sfollows: 
_* 19. The Portal Method.—The portal method, which i is generally satisfactory ¢ 
for buildings up to 25 stories in height : and of moderate height-width ratio, does 
not commonly concern itself with elastic relationships. — Its virtue lies in sim- 
-plicity. The assumed distribution of horizontal wind shear is purely arbitrary. _ 
a W ith equal beams on equal spans, excess stiffness in the exterior columns tends — 
to increase the shear taken by the outside panels, particularly i in low buildings | 
M with large story heights, where the columns are relatively flexible and the chord _ 
‘effects § are negligible. 1 However, in a high building, the chord action ove oie 
balances the web effect of the extra stiff outside columns, and the inside panels 
a actually carry more shear than the outside panels. With irregular column spac- — 
ing, errors may also occur due to the relation of beam being i 
20. The Cantilever Method—The simple cantilever method, which 
thes assumption that the axial wind stresses in the columns, regardless of column 


; areas, 2 are proportional to the distance from the neutral axis of the bent, is 


generally suitable for buildings of moderate height-width ratio, not more than “ae 
25 to 35 stories high. . Although it is less frequently used than the portal a 
method, it is more suitable than the latter for high, ‘narrow buildings, = - 
_ The horizontal wind shears in the various panels are arbitrarily distributed _ ; 
$ imespective of the relative stiffness of girders and columns, and of the ability ~ 
.. -of the girders to transfer increments of column stress as required in cantilever 
_ behav ior. The degree of scouracy, therefore, will be largely incidental. W ith ne 
equal beams on equal spans, inaccuracy results from tl the unequal drifts fr from oe 
‘column and beam bending produced by the assumed stress condition. _ ‘Unequal — 
beams on unequal spans may cause similar inaccuracies. The resulting design 
Aouad or may y not, » be an im improvement from the standpoint of accuracy i in any " 
4 "particular ¢ case, as compared with the design which would have been obtained re 
by theuse ofthe portal method. 
21. The Spurr Method. —For frames having a height-width ratio of of 4 
More, accuracy of treatment becomes more and more necessary ‘as the 
ratio increases. The Spurr method is fundamentally sound for all Be. 
+ buildings, since it is based on true elastic behavi ior and concerns itself self with 
geometry of distortion. rests upon the assurance that all members have 
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‘ion. a It may be used in whole « 
inp part for buildings o of moderate height. 
In an elastic structure of multi-story type which is subjected to to horizontal 
wind forces, the true moments and shears in the various members are dependent 4 


upon the relative rigidities of all the members, if they are properly ec connected. 
Inelastic action or slip in the connections will affect the distribution of stresses Re 
throughout the ‘structure, and such effects are to be guarded against as far as “ae 
aor by care in the design of the connections. Elastic action in the ¢ con- oe 
a4 nections, whether deep or shallow, or in knee braces or frames, is unavoidable, yak 
and quite properly. such effects” ascertained and in 
high frames the change in length of under axial stresses. 
is an important element. In real wind problems, such as are presented by high, te 
sie frames, the aim should be the creation of a design which is “prudently” 
r “correctly” proportioned. In a frame so proportioned, the change in length © 
of columns will have no material effect upon the web analysis. On the other = 
a hand, a badly proportioned frame will produce irregular changes in the lengths 
of oilimbe under axial wind stresses, which condition will make it practically 
impossible to obtain an accurate analysis, 
es From a practical standpoint, therefore, it is essential that the elastic pro- . 
7 portions s of the web system be controlled in such a manner as to simplify the i 
 ealculations. This is readily done by an assumed distribution of the horizontal 
- c wind shears throughout the structure so as to maintain a plane after bending i in 
‘ ao. the various wind bents = the building i is to act as a unit, all bents must de- We 
primary objective of the Spurr method, in reality n 
es method of design than one of analysis, is to insure that each wind bent acts as 
a true cantilever. Once this condition is attained, the investigation of stresses 
deformations i is simplified very greatly. 
= 22. The Cross, Goldberg, ¢ and Grinter Methods. —In the dionesal Progress Re- 
port, a comparison was made of the stresses originally calculated by slope de- 
flection in the classic 20-story Wilson and bent with those found byt the 
Cross ‘method of distributing ‘end “moments.” This showed the entire suffi 
a ciency of the Cross method, provided that secondary bending stresses due to a 
: column axial | distortion fi from wind are ignored. ” The greatly i increased speed of nh 
; ‘calculation as compared with the slope- deflection method was particularly : ap- 
= ‘a parent. A concise statement of the successive steps to be: taken in the ni a : 
2 tion of the Cross process was presented i in the report. 
ts The Sub-Committee also examined other methods based up upon theoretical — 
considerations. In the Fifth Progress Report" the applicability of the Gold- 
berg’: and Grinter"* methods w was discussed. The method od introduced | by 
Spurr, M. Am. Soc. C. E., in 1930,!” which takes account of the axial distor- 
Pr 
Proceedings, Am. Soc. C. E., 1932, p. 213. 


Loe. cit., March, 1936, p. 
Transactions, Am. Boo. C. E., 99 P. 962. 
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11 “*Wind Bracing, the Importance of Rigidity in High Towers,”” by Hen 
Company, Inc, New York, 


23. W itmer Method of K- Percentages.—In the Sixth Progress Report,!* 


; ‘sideration was given to the relation between the vertical wind reactions devel- oa oa 
a 


oped at the various columns of a symmetrical » -column bent under tl the action — 
of wind forces. These relations were determined in connection with varying 
dimensions of bent and varying sizes of girders and columns, the relations being sie 3 
derived by theoretical considerations, as well as from experimental tests of 
- model bents made by Francis P. ‘Witmer, M. Am. Soe. C. E., and Harry H i 
Bonner.” Diagrams were presented to facilitate computation of wind reac- LP 


by the Cross method of analysis. routine procedure called “ ' 
‘’ method of K-percentages” was described, based upon the actual sizes and a 
mensions of the bent, by consideration of which the wind reactions 


pry to be in celialeaihy close agreement with results obtained by rigid theory ae 

~ to be considered generally permissible, and by reason of their rational basis to 

_ be preferable to those found by the older, approximate portal and cantilever — 
which used reactions developed according to some arbitrary assump-_ 

tha of behavior, regardless of the actual sizesin the bent. = = 
an be It should be pointed out, with reference to a comment of Samuel T. Car- 
penter,! Assoc. M. Am. Soc. C. E., that, although the method of 


_ phenomena discovered to be inherent in the application of Cross analyses to. a 


pes number of differently proportioned bents. As stated in the Sixth Progress 
ted 19 it was observed that in every case the ratios of vertical wind shears 


2 their value as found from a simple consideration of the stiffness factors of the 


an:  erders and columns was practically the same as after a complete Cross analysis. Ae 
a > The sufficiency of a 3-story prem pumas bent for determining these shear ratios, _ 


hy “a ‘The engineer is not always concerned with the preparation of a new design. ‘a 


vy t a His duties frequently call for an investigation of an existing structure or the 
§ = check of another’s design whose method of computation is not known to him. | 
er must then compute wind stresses with nothing before h him except a set of 


~ actual or or designed sizes. In such a case, unless the sizes happen to be in such ae a 


relation as to dev elop the cantilever type of reactions, the Spurr method will 


20 Am. Soc. C. E., Vol. 102 (1937), 416. 


was not derived from any conerete mathematical formula, it had its origin in 7 


_ in the different bays changed in value very slightly from cycle to cycle, and =e 


a Proceedings, Am. Soc. C. E., December, 1933, p. 1611. ba = 


| 
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ns Of co ns and actual dimensions for bents, Doth sym 
i b fcolumns. Conclusions were based = 
by a statically determinate process, the wind moments may be readily ¢ 
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- laborious sary theoretical methods. In: this ec contingency it is ; believed that the 
proposed method of K- -percentages prove of practical value. The pre- 
liminary design pra before this method can be applied s should not constitute 


of the Sixth Progress Report have indicated t that the nuethod 
percentages might be considered to ) possess practical utility. In this matter, 
f however, the intention of the Sub-Committee has not been to advocate a new 


_ method of computation as a substitute for t those already i in use, but rather o 


‘i indicate the desirability and practicability of determining : at the outset, with 

reasonable correctness, all external reactions resulting from any assumed set of Hue 
wind : forces acting upon a bent of any assumed proportions. F ‘Wind moments 
. from these reactions are considered to have a more dependable basis 

than those found by the older approximate methods, while at the same time the 

xs expenditure of time and labor required by methods which are in more ee: 

less precise accord with rigid theory is avoided. iy 

Applicability of the Various Methods to the Problem of Ai nalysis— 

of computation are so largely a a question of indiv idual judgment 


in preference to another. In view of the studies which it has made with rage 


offering the following suggeations which bear 


specific methods under certain specific conditions: bo coda 
~@ Tf a preliminary design of the bent is made to accord with vertical die us er 
Toads alone, with an ‘assumption of discontinuous girders, and with certain other 
assumptions as recommended by Professor Witmer in a discussion of the Fifth ee 
Progr ess Report, 2 and if, furthermore, secondary moments | due to axial distor- a 
tion of the columns dander direct wind stress are neglected, direct wind stresses ; 
and vertical wind reactions in the interior columns may be considered equal to 


zero and the bent be properly analyzed for primary wind stresses 


If the bent been proportioned by the Spurr method: 7 true 
a behavior will exist, floors will remain practically plane, and the secondary bend- — 


ing stresses from: column axial distortion will be negligible and properly wre : 


= (3) If any other method of designing is adopted than is described under 
Paragraphs (1) or (2), and if wind stresses § are then computed by ssouming 
arbitrarily a a particular behavior of the bent under \ wind, without due considera 
- tion of the relative sizes of girders and columns, there is no assurance whatever 
_ that the assumed behavior will be realized. , Consequently, wind reactions 7 


stresses from wind will be without theoretical 


engineers that the Sub-Committee hesitates to recommend one method — e 
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, primary ey 
stresses always may be computed by any of the rigid th theoretical ‘methods 
their modifications—for example, by the slope-deflection method or by the 

% ‘methods of Cross," Goldberg,® or Grinter.* Of these methods, slope deflection By 
jg the least practicable from a ‘standpoint of time and labor required. The — 4 
Cross method is far more advantageous in these respects, but is still very la- 


borious. Goldberg and Grinter methods offer abbreviations in the amount 


study of them indicated that they possess: ‘peactical antages 


.,. (5) Having a preliminary design made by any assumed method, or an exist- . a 
ing structure whose method of design is unknown, primary wind stresses may = 
be computed very readily and with sufficient hecrstion! correctness by the es 


METHODS OF DesiGN FoR SHALLOW WIND Bracine Systems 


(86. Non-Elastic Methods—Having assumed the proper applicability of as 


of wes methods « of — sis outlined i in part (£) of this Report, the determination — a 


me: 


involved i in the hy that i ignore the elastic of 
‘the bent, such as the portal and the simple cantilever methods, have distinct 7 
limitations, as was stated in paragraphs 19, 20, and 24. 


ayy | 96. The Spurr Method.—Assurance of bent behavior in accordance with = i 
theoretical assumptions can be had with all necessary accuracy by 
we ne to the Spurr method, which is in accordance with the principles i 


elasticity. _A preliminary design is required only for columns in order to obtain 4 
_ their sectional areas, from which vertical wind reactions can be determined 
that will be in keeping with the cantilever theory: The complete design may : 
os _ then be made i in accordance with the elastic principles upon which the method — 

‘is based and, in consequence, the relation of reactions will be the same in the 4 
finished structure as in the preliminary design, — 
reactions that are associated with true cantilever action, 
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several bays of any and this will require relatively larger 

in some bays than would be required for vertical floor loads alone. The net 
ry of this condition upon the ultimate ‘economy of the design cannot be 
ascertained without further investigation. There would appear to be justifica- 


aide 


oe _ tion for an inference e that this | method might lead to some loss in economy as 2 
ue 4 compared with a bent designed in accordance with paragraph 24 (1). The 
yt . Spurr method, however, has a further advantage of controlling the rigidity of z 
ee the bent against horizontal | deflection add design upon the principles of the i 
Spurr method is desired, an priori determination of the approximate relation 


between moments of inertia of girders in the several bays may be obtained | 

_Teadily by use of the formula SJ varies as V, L,?, , having first found values of = a 
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following the method,® the designer’s first step should be 
-of plans and a column schedule based on 


wind. of of the should then be ascer- 
tained, based on the analysis of the bents for chord deflection. The proper % 
of the total wind load on the structure should be distributed to each | 


ten in such a manner as to make the chord deflections equal, based on the 
.——- that horizontal planes through the bents remain plane after bend- — 
ing. . Usually, the web deflections of the several be; bents (that is, the deflection 
due to the distortion of the beams and their connections and the bending of. 
_ the columns) can be made alike by “tuning,” so that the bents will give equal 
under the allocated loadings. This us principle 1 must hold whether deep 


a : ors shallow bracing is used. To this end it may be necessary to stiffen | some 


” a The foregoing conditions determine t the amount of wind shear i in the various Bes 
panels of each bent throughout the structure. a he web. system should then be a 
designed to produce the same drift in all panels i in any one story. With the ae 
ay [- a wind shears in the panels of each bent fixed, the web deflections in all panels of * 
bent must then be the same. In extremely high and slender buildings the 
Bis,? aan «ae should consider the necessity of placing a limitation upon the static 
deflection ‘permitted under the designload. 
a or Design FOR AND MIxEeD BRACING Sysrews 
General: —Since for equal deflections deep bracing i is much more 
“‘ebomees than shallow bracing, it should be used whenever practicable. The 
_ wind force and the possible effect of gravity loads may be readily cared for i 
the design in accordance with statical principles.7_ 
Complications of building layout often render uniformity of in wind 
bracing for different parts of a frame. impossible of attainment. Several dif- 
ferent types r may be used in the various bays of a braced bent in one story but, 


e so, the design should be i in accordance with the — that the estimated 


q 


x- 


come. 


28. General.— —In recent years, considerable hes been given more 


exact methods of design and analysis, especially the latter. | Columns od 
beams subject to bending moments bend, and members sabinsh to direct axial jal 


a stress change i in length. b-eiesig actions in the faagne have a direct bearing on 

ments 


and the Cross methods were aiming to reach 

a true shear distribution. — Both methods ar are somewhat cumbersome in applica- So 
tion for many-storied frames, and, to keep them at all workable, the assumption — ig 
is usually made that the joints remain fixed in elevation and that there is . 
= in of any ofthe members. 
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_ the vertical movements of the successive floor joints, these movements will be ' 
irregular and not readily calculable. The existing complexity is evident when 


e _ itis remembered that not only do the vertical reactions of the web system upon — 
the columns affect the movement of the joints, but these movements affect the — 


sega ps It is true, unfortunately, that an accurate analysis of an injudi- — 


ciously proportioned frame of many bents and stories is a difficult and i imprac- 


. proportioned that the floor joints will move in a a predetermined and regular - 


_ manner in order that the predetermined stresses may be realized. An elastic pa ee 


a relationship yielding this desirable result is attained when the > floor joints are 
maintained in a plane’ after bending. . Such action is - possible only when the - 


Bie In actual wind problems | the aim should | be the creation of a design that is a 


web system is so proportioned and connected to the columns as to transfer to 


a 


the vertical increments of load consistent with true cantilever action. 


he produces a bent ‘whieh will- maintain planarity of floors and in ache the 


3 lengthening and shortening of the columns will not affect the accuracy of the 


Unless the bent acts as a cantilever under wind, as assumed in the Spurr 


can 


q method, secondary wind moments can be computed only by a second operation — - mt 


after primary direct wind stresses in columns have first been found by some 


mining separately the secondary moments by which the primary ‘moments — 

- should be corrected. 18 This is a laborious process. It is believed that a satis- _ 

; factory abbreviated procedure may be devised for the purpose but, so far, this e 
Relative Magnitude of Secondary Effects. —According to the portal al 


3 method of f design, which allocates all the column direct stresses to the exterior a 


columns, and consequently produces the same shear in all panels of the 2 bent, y 
3 axial deformations of the exterior columns due to wind stress result in non- a 
planarity of floors and secondary moments in the members. George E. Large,” 
Am. Soc. E., has investigated the effect of direct deformation of the 

A 4 


8. necessary in bents of height to base ratios less than 5, while for bents’ 


twice as slender the corrections should be made to avoid large errors ae 


girder shears, on the side of danger.” Angad 


or a portal- designed bent of three equal panels to swing over to cantilever 
action. _ This results in errors in the assumed girder shears’ of from 10% to 


%* “Settlement Stresses in Continuous Frames,” by George E. Large, Bulletin No. 102, a Expeni- 
Ohio State Univ.; also, Proceedings, Am. Soc. C. E., June, 1939, p. 984. 


plying the Cross method to the axial wind in columns, thus 


ents show that correction for the direct deformation of columns is hardly _ a 2 


‘The investigations s of Professor Large show that there is a decided 4 
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a 55-story fi frame with a height-width ratio of of 10. bis 


= 30. General. Buildings | which are symmetrical : about two axes, both as to Fie: " 
exterior rand as to arrangement , of bracing, are unusual, except for monumental ay 
_ towers and free-standing tower buildings. Even on a symmetrical building the — 
ct distribution of the wind pressure is not uniform, due to surrounding structures 783 
ia and to eddies caused by the building itself. _ Although the wind pressure may ba 
4 act symmetrically over the face of a building, if the building is unsymmetrical _ 
a in plan about an axis parallel to the direction of the wind, the eccentricity me 
the center of rotation of the building with respect to the resultant wind force 


vas 


_ will cause torsion and unsymmetrical stress distribution. If the building is 
aad unsymmetrical about both axes, a wind from any direction will cause torsion.” 
Method l of Analysis. —An analysis of torsional stress distribution, based 
the work of Albert M. Am. Soc. C. E., was prepared by 
~ fessor Large and published in the Sixth Progress net of the Sub- -Committ 
# and often s ufficient ly accurate method : may be ‘upon: the of 
+ deformations except girder bending, it is desirable to include the effect of axial 
Tength changes of the columns. Professor Large found that over- -all economy 
~ does not lie in the elimination of torsional moment by the stiffening of certain 


bents so as to move the torsional center to the line of action of the result 


General. —Quite apart from the o obvious n necessity for adequate 


a Only experience will reveal the relation between computed maximum de- 
2 flection and comfortable o occupancy. | y. By) reason of the present impossibility of 
appraising in advance the restraining or damping effect of the non-skeleton 
parts of a building upon deflection, it is convenient to use, as a measure of the 
az ay _ stiffness, the relation between the maximum deflection of the top. of the fram 
e pt. and its height, assuming the frame to carry the entire lateral force. This might sie 
a perhaps be called the “deflection index.” _ Because of the damping effect of ee 


walle, partitions, and floors, it does not represent the actual deflection, but ee 


which to judge the probable of a building. sate 
: iron has been found that tall buildings with a woprnnag index of 0.002 under 


_- 87*Final Report of the Committee of the Structural Division on Florida NAT Proceedings, Am. — 
Soc. C. E., August, 1928, p. 1757. ee 


28‘*Wind Bracing,” by Albert Smith, Western Soc. of 1933, 


oD of Design for Hurricane Exposure,”’ by Albert Smith, Proceedings, Am. Concrete Inst., Vol. 27 the 

Proceedings, Am. Soe. C. E., June, 1939, pp. 988-908, 
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ooeupancy but about the. upper limit of attainable stiffness 
- without large additions to the girder sizes for wind effect only. It is possible ‘ * 
: that higher theoretical frame deflections would be tolerable, but relaxation in. 7 z 


this regard should come only as a result of accumulated experience. ie 
Instances are known of well-designed buildings of 20 to 25 stories in petal 
having deflection indexes upward of 0.004 or 0.005 that have behaved _. 
factorily. In addition to securing comfortable occupancy, a proper timitation 
of deflection guards against injury to internal and external masonry. st Sant, & 
8. Computation of Deflections.— —Although, as previously s stated, the actual 
deflection of a building is only a fraction of that computed, nevertheless the - 
Stat be deflections of the bents under a unit wind load provide the alll 
‘The theoretical deflection of a wind bent is due to (1) ¢ chord action and (2) 
oo oe action. The former arises from direct lengthening and shortening of ie 
- columns, whereas the latter arises from (a) reverse bending of girders, (b) 
_ Verse bending of columns, and (c) deformation of connections and bracing. | 
Chord Deflection—In designing a tall building, the chord deflection of 
each bent due to a unit loading is computed as soon as the column schedule ie 
dead load plus live load are available. . Then the wind is divided among the ae 
bents inversely as the chord deflections, thus producing the same chord deflec- om De 
tion for all bents. - Ultimately, the girder and connections are so selected that a 
_ the deflection of all bents due to web action is also a uniform amount. Thus, 
~ the total computed deflection of the structure is the same for all the bents, a 


which satisfies elastic. requireme nts. 


ory 


re 


Chord + Total Deflection 


A useful method of computing chord poner ar is th 
ssor Large. a1 Proceeding i in a accordance with it, and remembering that dea - 
de flecti n results from the accumulation of ‘shina direct deformation or la 
‘outa . number of stories, consider first the basement story, in which the ae a 


"Tests and Design of Steel Wind Bents for Tall Buildings,” by George E. Large, Samuel T. Carpenter, © 
nd Clyde T. are, | — No. 93, Eng. Experiment —— Ge State U niv., P. 24. 
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tion of the tilt angle Fig. 5(a), a at will ceiling of 
lof Then, after the next story deforms, the deflection at the ceiling 


ae story 2 equals | 2 Ty h + T-h, etc., if hi is constant. The lower stories make 4 


‘bent, (a) s since their high unit stresses predic comparatively large tilt 
a angles, 7’, and (6) because their “leverages” to the top of the bent are longest. 
fh a4 Fig. 5(6) shows the shape of the deflection curves. . Contrary to popular a 
Ger 
Chord Deflection Formula.—For regular bents subjected to a uniformly 
; wind load, the overturning moment is proportional to the square of — 
the distance from the top of the bent. _ Column areas will be very ry nearly di- Ve 
rectly proportional to the same distance. Consequently, the unit chord tres 
in a column i increases directly with the distance measured down from the top. : 


— 


pom of the bent, hi is the a of the bent, ‘Li is the base width of the bent, = 
*. An examination of Eq. 11 will | show that, of two bents differing only in ae 

_ width and number of panels, if one has half the width of the other, it can be. 

assigned only one fourth as much of the wind load. 7 he expression may also Ap, 
be used i in an inv estigational manner to find approximate chord deflections ie ; 


as girder Tests have shown ‘that for practical ‘ratios 
column to girder stiffness, the girder contraflexure points are near the center uy, 


a of span, even in the vicinity of structural irregularities.*2 The careful designer 
therefore selects “girders of such stiffness that w hen clear half spa span, 
as. bends under the design shear, V, the end slopes, 0, will be approximately aoa 
throughout the structure, according to the 


Because of the appreciable | distance between the the end of a girder and i 

ah cmb of joint rotation on the geometric axis of a . column, the girder end be: 

_ displaced vertically as the angle @ develops. The net effect of this phenomenon - 
. is to diminish the girder contribution to web deflection. i Mr. r. Spurr recognizes 


this by conveniently deducting 6 in. from the clear half span | to obtain 


and Design of Steel Wind Bents for Tall Buildings,” George E. Large, Carpenter, 
and Clyde T. Morris, Bulletin No. 95, Eng. Experiment Station, Ohio State vaso » Pp. wie i we 
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= lending length, b, to use in ‘Ea. 12. This pr practice has been demonstrated to 


‘system. Their principal contraflexure points have been found by test to lie ee: 
quite: close to the midstory level, except in the vicinity of structural regular 
ities, such as fixed bases and setbacks. nn Columns bend over their full lengths, — 
and have minor contraflexure points near the midheight of the split-I, shallow . 
tnt to the girder, or at about half the depth of a knee brace.* Eq. 12 t. 
is also correct for computing column end slopes, if clear half lengths are used.* _ 
The resulting angle, @, is measured from a straight line connecting the two ends. a 
The column contribution to web deflection is then Ww 
Little is known about the elastic deformation of wind connections, particu-— 
larly split- I, shallow connections. The tests of J. Charles Rathbun,*® M. Am. 
Soc. C. E., showed angular deformations as great as 1 : 1,000 under the design _ 
3 = moment specified by the American Institute of Steel Construction. This is b 
considerably more than the 1 : 6,000 design val value sometimes cused by Mr. .. 
| Spurr! and suggests that such connections may may contribute as much to web > 
‘deflection as the girders. So long as this uncertainty exists, an ideal oe 
of arranging column ‘spacing, which 1 will produce tl the same wind moment and, 
therefore, identical wind connections entirely across a floor, should be 


87. ena of Lower Stories —Fig. 5(6) i is s intended to 0 show thata uniform 


ak. 


fe 


of the aes points ¢ of the columns must grade gradually from a very 
high location in the basement story to the midstory level in the uppermost 
: transition story. In these situations, a scale layout drawn with angles and 
deflections exaggerated about 400 times is very helpful. — PRE dt 
“9g. I nvestigation to Find Web Deflection.—The foregoing discussion of web Site 
deflection has been addressed to the designer, who presumably is free to make 
the computed deflections whatever he prefers. The investigation of an existing 
slender bent for stress and deflection is more difficult; and in the case of bents Poh 
originally proportioned with utter disregard for elastic requirements a satis- 
factory solution may be practically impossible, to direct 


ideration has 
“ag given to the reaper of the permissible stresses proposed by the Sub- 
Committee, and, having regard to all the facts, the recommendations contained HM. 


and Clyde T. Morris, Bulletin No. 93, Eng. Experiment Station, Ohio State Univ., p. 46. wal feite et ry 


= eal "Testa and Design of Stee] Wind Bents for Tall Buildings,” by George E. Large, Samuel T. Carpenter, b; 
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Ea For members or details subject to old stress only, except rivets and a AS 
the permissible stress should be the same as t that allowe ed for dead load or ae 
For members subjected to stresses arising ‘from the similar action 
of wind ‘and other loads, and for rivets § and bolts subject to wind stress, the wind | re 
stress up: to 334% of the other stresses may be neglected, the excess wind stress 4 
" being considered as equivalent to an added live-load stress, provision being iy 
made f for it at the basic working stress for dead load and live load only. ale rh 
tudo somewhat higher fraction of the wind stress may be neglected i in the case — 


bat 
oO 
Qa 
“a 
& 
a 
4 


: of the columns of very high buildings, the exact amount being best left for the e I 

_ determination of the designing engineer in the light of all the circumstances. Cd Ea 

Members subject to a combination of wind, dead load, and live load, of af ¥ th 

ug should have a section not less than the section required for dead load and _ on 

load alone at the normal working stress. ont te 

Members Subject to Combined Axial and Bending Stress.- —Columns will 

be required to resist axial loads that arise from both gravity and wind effects a 4 te 


. and at the s same time to resist wind moments, w hile girders will be called upon 
; to resist moments due to both gravity loads and wind loads and, ‘in addition, ie 
= wind thrust. It is necessary that the design of these menabere, for the com- _ 
oe bined effects of the loads mentioned should be consistent with the proportioning wen ‘ : 


2 of members for axial stress only, at the foregoing permissible stresses. This 


Ww 


a 


(a) All are at the normal working stress 


live load, for a hypothetical axial load equal to 


girders are operon the normal working stress 


a he which: P, = axial siduitite load; P,, = axial wind load; M, = = gravity load 


=a 

> 


moment; M, = wind moment; d= depth of of column; and 
< 5 tion selected be less than that ‘required for gravity load effects only. hf 
—- 41. Factor of Safety. —In order that a building r may be secure against over- 3 


turning, the Sub-Committee recommends that the factor of safety against uplift 
‘ bem not less than 1.5. In other words, the axial tension due to wind load in the | 
r critical column should not be more than two thirds of the seems load compression — 
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WIND BRACING IN 


in the story of the co column, the are to 


the foundation by anchors proportioned at the permissible stress applicable to om a 
~ members « carrying wind load only. Moreover, the foundation itself should be === 
adequate | for 14 times any that 
4 


7 The principal conclusions and recommendations of the Sub- Committee are 


SF MAY As a standard wind load for the United States and Canada the Sub- = 
© ommittee recommends & uniformly distributed force of 20 lb per sq ft for the > 
first 300 ft above ground level, increased above this lev el | by 2. 5 db per sq ft for 


the lower parts of the building ae reason of alleged shelter. Special wind- force 
specifications should be formulated locally for areas that are definitely known — 


i 


(2) For proportioning the wind bracing of tall buildings it is not necessary — 
to divide the wind force into pressure ‘and suction effects, although this sshould ahd 
generally be done for structures with rounded roofs, for mill or other se A 
: with large open interiors, , and for walls in which large openings | may occur, 
g ‘The effects of possible high local suction should be investigated in in ‘elation to 
secondary members and the attachment of roofing or siding. 
- (3) For or plane » surfaces inclined to the wind and not more than 300 ft above he 
3 e ground, the external wind force may be pressure or suction, depending on rs 


the exposure and the slope. 4 For a windward slope inclined at not more than pt 
to the horizontal, a suction n of 12 lb per sq sq ft i is recommended; for 
_ between 20° and 30° a suction uniformly diminishing from 12 Ib per sq ft to 
for slopes between 30° and 60° a pressure increasing uniformly from 


é ero to 9 Ib per sq ft. For the leeward slope, for all inclinations in excess of Fs 


zero, a suction of 9 Ib per sq ft is recommended. 
ou} (4) For roofs that are rounded, or may be represented roughly by a circular 

_ are passing through the two springings and the eaves, the wind force will depend ne 

g not only upon the exposure and the ratio. of rise to span of the equine 

r circular arc, but also upon whether the springings are elevated above the ground 


are the ground. _ Where the surfaces considered are not more than 300 


4 ft above ground level the recommended external wind force is as follows 
(a) On windward q uarter of the roof are, when the roof rests on elevated 
Y. vertical supports and where the rise ratio is less than 0.20, a suction of 12 » aay 


pressure increasing un marr from zero to 12 lb per sq ft, or, alternatively, 
rise ratios between 0.20 and 0.35, a ‘suction varying uniformly between these 
_ limits from 12 Ib per sq ft to zero is recommended. For roofs springing from 
the ground level a pressure, for rise ratios varying trom zero to 0.60, uniformly — 


inereasing from zero to 11.4 Ib per sq ft, is recommended. 


Am. Soe. C. E., February, 1932, p. 215, and Loc. cit., 1933, p. 1606 
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WIND IN STEEL BUILDINGS 
OR or the central half of the roof. arc, where | the roof on 


vertical supports, with rise ratios varying from zero to 0.60, a suction uni- 


- formly y varying from 11 lb per sq ft to 20 lb per sq ft is recommended; for ‘allie: fees 
- "starting from ground level, a suction } of 11 lb per sq ft, regardless of the rise ee 
(ce) For the leeward quarter of the roof arc, for all values of ‘the rise 2 


Sex greater than zero, a suction of 9 lb per sq ft is recommended. » sleet 


+. (6) It is recommended that for a flat roof ar normal external suction of not 
Jess than 12 1b per sq ft should be considered as as applied to the entire roof surface. ~ : 


— (6) On walls parallel to the wind it is recommended that an external suction vi 


of 9 lb per sq ft should be considered. 


(7) Even for buildings that are nominally airtight, internal wind forces of 


i 4 either pressure or suction may exist, varying from 3 to 6 lb per sq ft, and de- 


-_ pending o on whether the res are generally in the windward or in the lee- 


roof or other ‘carried by the: wind. «Still larger internal forces of pressure : 
or suction may arise when the windward or leeward side of a building i is ae 4 
pletely « open. ' The Sub- -Committee recommends that for buildings that are 
nominally airtight an internal pressure or suction of 4.5 Ib per sq ft should be = { 

considered as acting normal to the walls and the roof. For buildings with 30% 


or more of the wall surfaces open, or subject to being open, an internal pressure Ta 
= 12 lb per sq ft, or an internal suction of 9 9 Ib per sq ft, is recommended; for ge 
— that have : percentages ses of wall open openings varying from z zero to 30% of se : 


the wall space, the recommendation i is an internal pressure varying beereny i 


from 


‘ ~ (8) .The Sub- Committee recommends that the design wind force e applied ee 
* any surface of a building be a combination of (a) the aforementioned appro- 
priate external wind force, and (b) the appropriate indicated internal wind force. ae 


oT? 9) ‘Where a series of roofs exists i in one building, one roof being nominally — 


a 


wind load on the first sont and for 80% of the wind load on the other i er: 
of should be designed for the full wind 


prescribed wind force ot on . plane ‘surfaces. normal to the wind fixed by re recom- ies 
: ere (1) at the level under consideration bears to 20 lb per sq ft. tei 4 
(1) The capability of the floors to serve as horizontal diaphragms for de: 
delivery of wind-load increments in each story of the braced bents should be 

ae inv estigated. If they appear to be inadequate, an efficient system of hori. = 

a a zontal bracing should be provided betw een the braced bents to distribute the 

ae (12) Although walls and partitions may serve to lessen vibration and de- ee 


flection, be ignored i in strength calculations for buildings having. Pics: 
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“WIND BRACING IN STEEL ‘BUILDINGS al oa 
high ratio of suit to width and provision should be be: made i in the structural € 

Rett (13) If floors, with or without added bracing, are sufficient to serve as ef- a, 
- fective horizontal diaphragms, there need be no maximum limit of spacing of . 
braced bents, nor any restriction imposed on n carrying 1g the wind force to the end — a 4 

or side walls, if the bracing therein i is sufficient to provide for the entire wind = 

(14) If the floors are of serving as effective distribution 


the various braced bents may be considered as taking loads in proportion to | a: 
their respective rigidities. — The a allocation of wind load to braced bents should — A 
take into consideration the eccentricity of the total lateral load to the lines 
(15) Although shallow bracing may be of sufficient strength, it may entail — a 
Frees deflection of the building. Consequently, for high or narrow frames, 
it is very desirable to adopt diagonal bracing of some kind. Full diagonals, — 
knee braces, or K-frames, with various in respect of openings in 
on panel, may be used advantageously. _ Although the use of one type of brac- 
ing in one panel and another type in adjoining panels is permissible, the cal- 
culated 5 web deflections in all the panels i in any | story of the bent should be the © 


same, so that the bent may work as a unit. as 


_ (16) Although adequate over-all strength may be provided by wind ute. 
designed in accordance with either the portal or the simple cantilever method ee 
the assumptions upon on which these methods rest do not ordinarily make Fe 


a properly balanced design. These methods, however, are useful for making a 
a (17) Investigation of frames having a height-width ratio of 4 or more by 

some method recognizing the elastic properties of the bent is necessary. Ifa — ay: 26 

- bent has been so proportioned that it will act as a true cantilever and the —< 

remain plane during and after deflection, the problem of investigation is greatly 

simplified, i in that secondary stress areobviated. 

(18) For purposes of analysis the Cross method of moment distribution has 

been found to be highly valuable, although for tall frames the large number of — 
eycles necessary to effect a sufficiently accurate solution renders it impracti- 
= . Both the Goldberg and the Grinter methods make it possible toeffet 

a rapid and sufficiently accurate analysis. one td Th 
Bie (19) As a means of conducting a rapid investigation 1 of a bent, the method | aoe j 
of 1 K-percentages is recommended by the Sub-Committee as particularly valu- ; 
able. This routine _ procedure is based upon a consideration of the relative 
- stiffnesses of the members of the frame from which the vertical wind reactions r ie 
_ at all columns may be obtained with reasonable accuracy. $= = © a 
_ (20) Assurance of bent behavior in accordance with theoretical assumptions i 3 
and deflections within desired limits can be had only when the bent is propor- rig 


tioned i in accordance with the principles of elasticity. When the height-width tee: j 
ign, such as that of Spurr, 
whieh 1 maintains planarity of floors under wind loads, should be used. Other- ae 
wise, proper provision for secondary stresses caused by the axial deformations ae 


— 
— 
— 
— 
— 
a 
— 
— 
|. 
— 
=i ~ AS 
as 
2 — 


larity in the vertical movements of the successive floor joints, great complexity _ 
and an securate analysis becomes a difficult and impracticable 


cy tlleds manner, secondary wind moments will need to be co computed after the 
S primary direct wind stresses have been found in the columns. This may be | 


Kf accomplished by an application of the Cross method, but it involves a Leto: 4 4 


On investigation, bents. designed in with tlie portal 


ba ives may show large. errors in girder shears i in the upper portion of frames . 


: eS The effects of torsion should be investigated, particularly if the build- ig 
Te Be is unsymmetrical i in plan about an axis parallel to the direction of the wind. ae 


ay be based unes the neglect of all deformations except girder bending, it is 3 


- thereto must be e determined experimentally before they can be designed with — 
certainty to yield a desired degree of comfort to the occupants. _ Until such vi- 


is assumed | carry the entire lateral force, should 1 not exceed 0. 002 


(24) The Sub-Committee recommends that for members or details subject 


to wind stress only, except r rivets and bolts, the permissible : stress should be the 
_ same as that allowed for dead load or for dead load and live load. nites 
Sane For members subjected to stresses arising from the combined similar action — 


ee obits and other loads, and for rivets and bolts subject to wind stress, the wind 4 
. Pe pnt stress up to 33% of the other stresses may be neglected, the excess wind stress 


—— characteristics are more fully understood, it is recommended that the © a y 


being considered as equivalent to an added live-load stress, provision being x 


= for it at the basic working stress for dead load and live load only. Higher ‘ 
‘combined stresses 1 may be acceptable in the columns of very tall buildings. 


desirable to include the effect of axial length changes of the columns. -Over-all 
economy is not served in any attempt to eliminate forsional moment by the a a 

(23) Vibrational characteristics of f buildings and the relation of sensation ee 


bo Members subject to a combination of wind , dead load, and live load, of * Be ; 


live load alone at the normal working s stress, igi 
(25) Members subject to both axial stress and bending should be propor- 


=a ¥ tioned for the combined effects in such a manner as to be consistent with the 
: a ie _ proportioning of members for axial stress only at the stresses permitted in rec- 


ommendation (24). Fi ormulas are submitted to insure this result. no case 
a “a _ should the section selected be less than that required for gravity load effects 


ae? (26) The Sub-Committee recommends that the axial tension due to wind 


- Joad in the critical column should not be more than two thirds of the dead-load — 
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be imposed on on i it. 


The Sub- Committee wishes to express its thanks to many persons, and ari: 


particular to Mr. Spurr and. Professor. ‘Large for assistance 


course of of the preparation of this Final 
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DEVELOPMENTS, AND 
TRENDS. IN WATER. SUPPLY ENGINEERING 


OF THE COMMITTEE WATER 
SUPPLY ENGINEERING OF THE SANITARY 


At the request of the management of the Sanitary Engineering Division of 


_ the Society, the Committee on Water Supply Engineering of the Division under- 


members has permitted but recognizes that much interesting matter is mee Ag 


currently i in process of. construction. Such reports were e published i in 
Civil Engineering for March, 1934, and April, 1935; and in Proceedings for a 
December , 1934, April, 1935, March, 1936, April, 1937, March, 1938, and March, Sy 


has gone into water supply construction. The water supply engineer- 
ing profession had an important part in advocating and encouraging this spend- 
‘ing policy and has taken advantage of it. To some extent, however, private 
‘2 water utilities have offset the government spending on water supplies | because 
a = their r expenditures h have had to be gr greatly decreased. The federal government 
ae _ total expenditure in the decade has been more than $70,000,000,000 as compare 
about $30,000,000,000 for the previous decade of great prosperity. Ex 
-penditures by private interests for. capital goods decreased to $45,000,000,000 — 
in the past decade as compared with $71,000,000, 000 i in the previous decade o 


5 
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mat 
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— supply engineering cover the past decade instead of only the year. The Com- — 
— 
| 
— 
The past decade has been peculiar in that it began with the great depression 

ey ond lies entirely in the depression period. This depression is still continuing mi a 
a into the new decade although with some present abatement. The decade has | 
| 
| 
prosperivy. he UoTnmitves Das NO CxX&ct On Lhe total expendi- 


eve whter in the decade just as with the previo 
one, but is of the opinion that the total is greater than in the previous decade, 


— 


although control of these net been : 


spring ing of 1940, drought conditions were severe. ods: 
As to floods, the past 10-yr period has brought 1 floods of f greater severit “ae 
than any of those o' of the past century, and i in some localities the floods have 
i: been of an intensity y that probably occurs only once in several centuries. These 
ea feet have radically affected the design of spillways for dams, flood channels, 2 
flood protections for water works, and (68 watt 
In New England, one of the in which long-time rainfall and runoff 
ty records are available is in the vicinity of Hartford, Conn. The rainfall record 
extends back to 1868, although the stream-flow records for the Nepaug and — + 
East Branch rivers start only with the year pe 


from the East Branch watershed of the ‘Farmington River, with 62 sq miles 
with (8.14 in. of rainfall from March 1l to noon, March 18, was equivalent 
Bed 11.7 in. with a peak runoff of 135 cu a ft per sec per sq mile. In 1 the Nepaug i 


Rainfall 6.95 in., runoff 8. 8 in., and Douies flow 98 et cu ft per sec : per sq mile. 6 On a? 
November 2 to 4, 1927, with a 


per sq mi 


- Saville aan that one reason for this large spillway capacity was that the ee 
cost for the large capacity was small. This reservoir ‘is on th the East, 

- Branch of the Farmington River | at Barkhamsted; it has a drainage : area ‘ae 
52.7 sq miles and a capacity of 30,000,000,000 gal. 


on The Farmington River joins the Connecticut River 6 miles above Hartford * 
: with about 600 sq miles of watershed. The e watershed of the Connecticut River 
at Hartford is estimated at 10,560 sq miles. The maximum flood-gage height 

i in a ors ye? 93 years previous to 10 1936 was 29. 8i in 1854, while i in M arch, a 


unoff of 28. 4cu cu ft per per see pi per sq sq mile as compared with 19. “4 pe 


> had a frequency estimated as once | in 25 years, and i in 1936 the flood height ial 
™ estimated to be one that would occur once in 300 years. 


New ~ land Droughts and Floods in Their panto to Water Supply,” by Caleb M. Seve, 
w Water Werks Assoa., Vol. 5 ¢ pp. 326- f 


i ae At the beginning of the decade there was a very severe drought in the eastern ee 
% 
be. 
a 
4 
a te 56.95 in. and that the minimum occurred in 1935, which totaled 28.90in. 4 a 
ga «He stated that in this area the “great” flood came in March, 1935, on both eae she 7 
ay 
a, 4 
ea . It of these : and other lesser storms and studies of their flows, the eae = 
arknamsted (Conn.) Reservoir of the Hartford system, which has an 
oe al 
4 


joan, at This was much more severely felt in Vermont than in ¢ any of the can | * 
England states. F. Uhl, M. Am. Soe. C. E., has stated? that the 
November, 1927, flood did $40,000,000 worth of damage, with two thirds in 


Baek Vermont, and the 1936 flood did $70,000,000 worth of damage, with $55,000,000 — q 
oN rrimack and Connecticut river valleys. sy In the 1927 flo ood, , the runoff a BS 
E a... areas , of 20 and 40 sq miles reached 300 cu ft. per sec per sq mile; for 200 
ihe. miles, 200 cu ft per sec per sq mile; and for 1,000 sq miles, 114 cu ft per sec 77 
not reach | the.s maximum shown Nor 1927, but for 170 sq miles, 180 cu ft p per sec 
aes per sq mile were shown. It was stated that the 1936 flood exceeded previous — 4 
for the greater part of New England. It was, further stated that at 
_ Hartford the 1936 flood exceeded any for at least 150 years. In the Merrimack a 
Bs River, the flow of 1936 exceeded by 60% any floods in the previous 200 years. 
“Bod has been reported? that the summer flood of July, 1935, on small streams a Aa 
ae ind New York State reached 2 000 cu ft per § sec per. sq mile for watersheds of 5 
; c aes miles and less. - For 100 sq miles, the flow was recorded up to 200 cu ft | per : 
per sq mile. The floods of March, 1936, showed lower flows, generally, 


Pax On September 21, 1938, a hurricane sw wept over New England, and the rain- : 
= fall exceeded previous records for large areas. The 16-in. fall covered 250 sq 
miles, a 14-in. fall covered 1,800 sq miles, and 6, 600 sq miles‘had a 12-in, rain. — x 
_W ith such. precipitation, a fl flow of 175 cu. ft per sec per | sq mile. came | from the * 
West River, Mass., compared with 127 cu ft per sec per sq mile in the Novem. Be 
: ge ber, 1927 storm. . Rese a 178-sq- mile area on the Deerfield River, the recorded a 
river, flows of 700 cu ft p per sec per sq mile ¥ were found for areas of 25 sq miles. 
Se Special attention has been directed to the New England floods of November, 4 aT 
1927, March, 1936, and ‘September, 1938, | as in the short space of 12 years 
ies major floods have visited this area, although the three floods did not set 
wp maximum flows at exactly the same points in the New England area vie 
Pittsburgh, Pa., experienced its worst flood on record in March, 1936, when 
i} crest of 46 ft was reached, compared with the - previous ¢ crest of 35.5 ft, which - 
represented the highest lev el for 86 floods that. had occurred since 1856. The 


drainage areas of the Allegheny. Rive er and the Monongahela River at Pittsburgh | 


sit The Ohio Valley flood of January, 1937, surpassed all previous floods that 
as occurred during the 175 years of the occupancy of the valley by white men. 
At Louisville, Ky., the runoff of the flood was | s estimated at 8i in. . of rainfall, as 


was: 
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2 ft higher in January, bout 4 ft 

— a. ‘PS iously; the flood level Soe od level was probably a t equal 

recorded pre it that mis may have been of about equal 
iously. 773 flood, which may ha 
— thatof 1937, nsactions, 
: volume to = 3 C. E., and Hollister 4 


ATER ‘SUPPL ENGINEERING 


Ned In the Southern California area, & + flood on March 2 to 5, 1938, caused much 


Croton system has a tributary watershed of 375 sq miles and a storage capacity | 

— of 103,000,000,000 gal. From 1911 to 1931, the estimated dependable supply __ 

_ from the Croton watershed was considered to be 335 mgd. As a result of the 
drought of 1930-1931, , which really « extended as a dry period from 1929 to ee el “are 

engineers of the New York City (N.Y.) Water Department determined that _ lt 

: 257% « of the total storage should be considered asa special Teserve, a and that ae 


River rainfall and runoff records have been continuous 1868. 


In the Schoharie a and “Ashokan atecaheds, which comprise the Catskill 


; runoff is available from 1907. The dryest period on record in these watersheds 
from May 1, 1930, ‘to March 23, 1931. period, draft: 


utilizing the total storage available. After this drought « of 1930-1931, 75% o 
the available storage was assumed to be available for maintaining draft, and 
the yield was reduced from to 500 mgd. 


4 ter 72 in. and the lowest year in that period was 33.64 in., or 77.1% of the aver- 
or the 5 years beginning with 1931, the 39.66 in. which 
: was the next lowest 5-yr average, with the 1935 rainfall of 28.90 in. -only 66. —: ; 


been mentioned already; the other two started sith 1845, 
‘averaging 39.70 in., ., and 1910, averaging 41.01 in. The 100-yr period was sé se = 
oe by using for 1836 to 1868 the Amherst, Mass., and Springfield, Mass., — 
_ records, which are longer than the Hartford record, and these were interpolated =) 
for Hartford. This interpolation was made by developing the relationship be- 
tween these three records for the years for which records are available at -— 


elow the : average and ee 40. 401 in., or 7.4% below the e long-time a average. § 


lowest runoff, twelve ¢ consecutive months recorded since 1912, 


Galifornia, a very heavy flood which caused much damage occurred on 

as 30 in. in some of the watershed areas, 
‘The drought in 1980-1981 in the Croton River watershed of the New York 

a | 
| 

Storage. reduced wie depenuaple yield Of Une UrOvon Waler- 

* 

4 
heservolr, holding idl, ’ gal. rior to 18 drougnt per 10d, 
-® the Catskill system was operated on the basis of 585 mgd for dependable supply —— 

ab 
_ 

4 

= 


| 


82 sq miles, occurred March, 1 1930, to bbing 
43 in., or 41.9% of the average runoff. The lowest runoff for sixty 
eee is “consecutive months was from January, 1928, to December, 1932, whentherun 
averaged 18.69 in. or 82.9% of the average. For of 


Although the drought of 1930-1981 was approximately of thes same severity 
oe as that. of 50 years earlier, the effects of this drought in influencing the re ; 
_ sponsible engineers to decrease the estimated dependable yield of watersheds — 
a having rainfall and runoff records extending back some 70 years is the item of Be 
special interest to water supply and sanitary engineers. “ty - 
Rae During the past 10 years it is obvious that the trend has been toward a o 
eae greater allowance for maximum floods and spillway capacity, and re- = pm: 
_ ducing the estimated dependable yield of watersheds, such action being brought a ee 
= aay as about by the floods and droughts of this 10-yr period, viewed in the light of & 
ae ee ain he earth re has gained i in importance and in engineering interest during _ 
, the past decade. In height, and particularly in volume, the ‘magnitudes of = 
recently completed and proposed structures have set present, 
a rolled-fill dam rage ft high is under construction on the 


> 


. 


Se in ‘Montana has an ‘embankment volume of approximately 122,000,000 cu my Se 
; pice In large measure, this expansion has been due to the idlenelcgen program of public — 
Both the hydraulic and ‘Tolled- fill methods of construction continue to be 


In general, hydraulic fill construction is ‘limited to projects of large volume be- 
Site cause of the cost of plant installation; but the increased ‘size, power, and speed — a 
available transportation and equipment have so reduced the com- 


ae parative cost of rolled-fill construction that more than two thirds of the dams a 
fto r more in built the 10 years, ave been 


= 


x aes surface loose and ready for the next layer, has become standard equipment. 4 4 


Ne hydraulic fill practice, belt conveyers have been used to lift and transport x 


_ material from the borrow pit to the hog box, and rubber-lined pipe has been — a 
~ successfully employed in the delivery lines from pump to equipment. Booster — ia a 
ae ees in the omiatati lines have made it possible to carry material a distance a 


RESTS 


— 
— 
— 
4 
— 
Le 
&§ 
‘4 
— 
The increased capacity of construction equipment is notable: 25-cu yd 
trucks, 30-cu-yd scrapers, 8-cu-yd draglines, and dredges rated at 1,500 
per hr are now obtainable. For compaction of rolled fills, the sheepsfoot roller, 
— 
— 
Bee 
— 


Ase a result of these the equipment, the cost | of fillin 
a place has been reduaed ‘greatly, being now (1940) about two thirds of that 


50¢, and contracts, both in the rolled-fill and hydraulic methods, have been let 
a S. ‘The rapidly developing science of soil mechanics has been responsible, in _ 

; nsiderable measure, for the confidence necessary to the undertaking of the 


however, such as at the ‘Tappan Dam on the Muskingum River in ‘Ohio, 
— ea the Fort Peck Dam on the Missouri River, : and the Marshall Creek Dam on 


As evidence of the increasing interest in the design of dams and soil me- ng 


:: chanics, several notable conferences have been held, with published results, 


‘panes Proceedings, First International Congress on Large Dams, Stock- 


dig Proceedings, ‘Second International Congress on Large Dams Vash- 


ington, D. C., 1936 (Supt. of Documents, 5 Volumes). 


‘Proceedings, International Conference of Soil Mechanics, 


Soils and Foundations Conference of the U. 8. Eng 


wee Dept., Boston, Mass., June 17-21, 1938—printed January, 1939. Ae 

‘The Soil Mechanics and Foundations Division of the Society was uy 

in 1936, and d this I Division h has prepared § a manual‘ containing a list of some: 300 


publications on soil mechanics, many of which deal with the design | of earth 


- cane Soil testing laboratories ar are now generally provided for the continuous t test- 
ing of borrow-pit material for size gradation, compaction ‘under varying mois- 


“and permeability, tests are made of “undisturbed” samples of th the foundation 
the fill progresses, other of samples of the ‘fill 


— Lines of seepage have been studied i in model dams between glass slides eS 
Pe indicat the probable flow net, and model tests of spillways and outlets ar 
ee _ becoming customary. In some cases, a gelatin model loaded with shot has been 


Miny On the basis of the information thus collected, t the m most t dangerous line of « 
es failure in | shear i is derived, and the section of he embankment necessary to 


- forecast and the permissible rate of construction or application of load is con- 


ety Ci on Soil Mechanics,” Manual ngineering No. 18. American 8o- 


_ 
a 
States about 1925 wi 7 
properties of soils became quickl -E, the 
ionalized design and better control quickly popular. 
aa 
3 
_ 
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an 

seth partial failures as have point to the foundation material 
aes which the line of maximum shear may pass and the evaluation of which is x 

% Ske dependent on the number and validity of of so-called undisturbed samples) as es 

oo the element of greatest risk. ey any case, the factor of safety to be applied 

remains a matter of judgment. nan Thea vob oat 

3 ae ES oo tle The fundamental requirments of an earth dam are reasonable watertight- 

ness and permanent stability against sloughing when the ‘material i is peaturated 4 


Pg any includes a central i impervious section and more or less pervious shells 4 

eee with the shearing strength necessary for stability. Masonry core walls ‘are _ 

Bae seldom used and even key walls to connect the earth fill with the rock are a “2m 
questioned, reliance against seepage through the embankment being placed on 4 d 


a section of selected soil. Provision is made for safe discharge of such | seepage ef 


¥ me: as : may result by adequate drainage in the form of gravel o1 or rock fills, with re 
Bute: versed filters at the toe or inside the lower downstream pervious section: 
most interesting and cost saving development i in method | of providing 
subsurface cutoff is that of sinking concrete caissons after a preliminary lower- 
: Poe of the ground water. This method was used in the construction of the a | 
Quabbin Reservoir dike, and dam of the Metropolitan District Water Supply 
ee oa Commission of Boston, Mass., and is to be used in the Merriman Dam of the Fy a 
New York City supply. An increased confidence i in the value of steel piling 
a subsurface cutoffhas been indicated. 8 


marked increase in the provision of spillway capacity has been a notable 
or 
i a In summary, although there has been little change in the thebey of design, — 
- laboratory and field tests of the physical properties of soils have made possible 


definitely qu quantitative and have ‘supplied : a basis better ev 


— 


ot 


— 


 TRENDs I IN DESIGN AND ConsTRucTION. _or Masonry 


the past decade no substantially new form of dam has been con- 


(The Coolidge Dam, in Arizona, of the multiple-dome type, was 
completed i 1928. Rather, the outstanding ig development has been 
the design ‘and construction of the earlier-ty pe dams to greater heights than | 
Po ever before. Hoover Dam, in Nevada and Arizona, constructed from 1931 to 
oh 1985s and having & Maximum over-all height of about 727 ft, is designed t¢ toraise 
“ the water level'of the Colorado River abqut 578 ft, ‘whereas Shasta Dam of the 
e. ‘Central California Project has a maximum over-all height of about 550 ft, and 
is intended to raise the waters of the Sacramento River about 490 ft. The pl 
arch : action; the latter is a 5 curved a 
a. The Shasta spillway, located in the center of the instil grea be j 
the highest ev ever 


— | 
4 
i te 
4 
— 
— 
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‘Water District of Southern California, which, although it raises the water a ‘ ; 
_ the Colorado River, in California and Arizona, only about 105 ft, has a maxi- — 
ba ‘mum n over-all height of about 320 ft—that is, about two thirds of its maximum — 
height i is under the original river level. te 
In the design and construction of smaller dams, as well as of the larger dams ee 8 


—Clearly i in the 1930-1939 there has been a 
tion of the | previous tendency to explore, more extensively and earefully, Na- 
we -ture’s materials i in foundations and abutments... The normal tendency in this 


lready having been utilized, it is becoming move and more necessary to con- __ eA 
struct dams where foundation conditions are relatively inferior. ——— 

“ methods are used somewhat, particularly for preliminary exploration, but for Le 

final exploration, borings—especially core borings—are used. The desire for 
#0 still more intimate knowledge of foundation and abutment conditions finds ex- ; 
ms pression in shafts and tunnels and in core borings of sufficient diameter (30 in. oat 

iy Sen Because of the fact that, in the n main, failures of masonry dams have been 


i tion material is unco nsolidated or involves approximately h norizontal strtificn 
tion, with shales receiving special attention. Low resistance against 
eve movement i is remedied by’ tying the dam deeply into the foundation mt 4 
= for example, by anchoring walls of concrete, an expedient that is s hardly effica- Se 


a attempted upon foundations having such characteristics. 
Consolidation by grouting | of yielding o1 or ‘fissured forming the founda-— 


. straight gravity dams, i in Tennessee and Virginia, respectively, ‘and at Shasta re 
urved gravity dam) i is becoming standard procedure. Consolidation gt generally f 


is hora! the entire ‘base of the dam, but particularly ‘at the downstream ee . 


tions. Abutments receive intensified atten‘ion in this respect i in the 


ik 


Solution channels i in limestone and dolomitic foundations, especially where 
there is much. jointing « or ‘faulting, have resulted in extensiv e, deep ; pressure- ab 


grouting operations in ‘the rock at the upstream faces of the dams in order to 
minimize underflow and uplift. Such ‘grouting is being done tos substantially 
‘greater depths and with substantially greater pressures than | previously was 
_ common practice. Among the newer dams receiving such treatment are espe- 
cially: those i in ‘the ¢ car bonate-rock regions of the Appalachian Mountains, in- 
‘Norris. and Chickamauga dams of the Tennessee: Vallay Authority 
A) on the Clinch and Te ennessee rivers, respectively, and Claytor Dam on 


cious for dams as high as 200 ft. Fortunately, higher dams of masonry are rarely. 4 


4 
; 
| of which are mentioned, although by no means exhaustively, in the following ae 
ha 
4 
funds since the beginning of the depression.” 


spire them. — it is recognized that within reasonable limits — 
an dams, especially of the buttress type, may be constructed safely upon such 
foundations if adequate protection is provided against seepage under and around 
the dams and against scour at the foot of any spillway, ai, 
an longer is it taken for granted that a hard rock containing | 
er - joints, or even only bedding planes, is immune from scour. There is greater 


use of concrete aprons and baffles: to insure dissipation of the energy of the a 
vee spillway discharge before it comes in contact with the stream bed. - Scarcely 3 
_ any important spillway is constructed now without such special provision for _ 

prevention of scour. Inasmuch as the conditions of height of dam, depth of 
overflow, material in the | river bed, and depth of tailwater are never alike at 
any two dams, the opportunity for deductions from actual dams has 
been limited and there has been much recourse to model testings 
Temporary retention, in place, of unconsolidated material by means of 
_ freezing has been practiced, as, for example, ‘at the Gilbertsville dam site of the 

. : _ TVA, around an exploration shaft, and at Grand Coulee Dam, in Washington, 


- tion of este maximum (principal) stresses ond not merely their horizontal and — 
— | components. As to considering & masonry d dam asan elastic 


ne -longitadinal joints is in such respect actually that of a structure to which, asa 
‘monolithic whole, the theory of elasticity is applicable. 
_ Likewise, were has been an increase in the extent and refinement of mathe- 


rely upon such analyses, the other tempering. the u: use of the 
ae tit purely theoretical considerations by means of tlie empirical. ar ithin the latter 
, ‘category t there i is included | the use of tests of models, albeit with recognition 0 


2 IR lack of complete homogeneity ir in the prototypes. and differences in behavior 
of the latter from that of small specimens of the actual materials of which a dam — 


is to be built or upon which ‘it is to be founded. ay dk 


ak _ The special complication of stress determination in arch dams, involving as E 
a does stresses in three directions, has been not merely the subject of various 

~ new theoretical approaches as to solution but has quite logically been the sub- 
ject of extensive and refined model tests, as in the case of Hoover Dam. ‘ente: 


‘It is ‘recognized that foundation debbemation ' affects stresses in the dam 


os For this reason, "especially in the cases of some of the higher dams, such as 
ee Norris and Shasta, the ange | between the faces of the dam and OT: 


is Te Although the analysis of resistance to sliding by considering iain’ r 
& sistance or a combination of shearing and frictional Tesistances i is substantially 
a older than the last decade, yet that method, in contrast with the former reliance - 


a 


upon friction alone, has been used increasingly. Especially in cases where 


_ pressure-grouting has been done to establish at the upstream face practically 


— 
— 
—— 
its foundation are uniform or fully 
ies of a given dam or its fo 
the elastic properties o 
— 
— 

— 
— 
— 
ae 


cutoff against underseepage, and where relief drainage has been pro- 
downstream from the cutoff, such physical provision and the results 


forces will be substantially less than under the common, older assumption of a 
‘ er straight-line decrease from full headwater to tailwater p pressure. In the cases De. 
of certain larger gravity dams there has been introduced, primarily by the de- __ 
Ci signing force of the Bureau of Reclamation, analysis of the effect of “twist” —- 
as caused by transfer of load between adjoining monoliths and between the 
' _ dam and the abutment rock. Indeed, in Grand Coulee Dam vertical slots are 
4 left to allow for adjustment in respect of twist; after adequate adjustment is 
_ believed to have taken 1 place the slots are to be filled with concrete and corn 4 


a _ essary to locate masonry dams across faults, and where there are specific pos- 
@ sibilities of movement at known faults, special expedients in design have been ‘a 
: adopted to ameliorate the results of any such movement. Outstanding in this 


respect are the Morris gravity dam, in California, with its “open joint” and the ie 


if buttress-type Rodriguez Dam, in Lower California, Mexico, with its footing ; 


_ arch over the fault zone and its tying together of pairs of buttresses in a “‘tower” — 


record ‘constitute e only woefully measures the m maxima which may 

#: occur; the result is increased provision for flood discharge. On the other hand, yo 
with the recognition that such ‘special earthquake s stresses and maximum ee a 
loadings will occur only rarely, if ever, it is not ‘unusual to permit higher unit por 
therefor than for the normal maximum loads. 

+ aS It has beeome general practice to provide gates on spillway crests in order 

to permit « continuous utilization of the head (and the corresponding storage 
a capacity) represented by the height of the gates. In consequence spillway — 
gates have been constructed to greater heights than heretofore, and the desire ne: 

ee to insure against clogging by debris has resulted in greater lengths of clear — 
openings. _ Such surmounting of the aforementioned Parker arch dam with oe ; 
ts crest gates 50 ft high necessitated corresponding thickening of the arch ring at ah 
ee the e spillway « crest 80 as to : allow the gates and their — piers | to | function 


charging facilities from the sath dam proper; this has been done at both dhe 
Marshall Ford gravity dam on the Colorado River of Texas, designed by 
x the Bureau of Reclamation and completed as to its first stage in 1939, is unique — 
4 in its provision for increase in height (from 190 ft to 268 ft) by additions only — He 
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nee instead of stone masonry, is predominant, the infirmities of concrete receive ih an 
ne great attention. Indeed, the Board of Water Supply of New York City, in — 
ally general, builds exposed masonry surfaces of stone, not concrete. 


Outstanding among aims in present-day construction ott masonry dams 
_ is improvement of the quality of the concrete—not its strength, which generally 
‘is ‘ample, but its durability and water tightness. Wet concrete is outmoded; 
Bers complete, but not excessive, vibration, as a necessity as well as a desideratum ; 
for the placing of the relatively dry concrete, is a fully accepted process. The a 
primary effort has been to prevent cracking. To this end cer cements lower 
= heating characteristics have been developed, the most important early applica- — i 
tions being at Morris and Hoover dams. Temperature control has been press 4 
ge ce ticed also by embedding pipes in the concrete for circulating cooling water, as 
in the cases of the larger dams constructed under Bureau of Reclamation speci- 
G fications, or by the precooling of mixing water or the aggregates themselves, as : 
at -Hiwassee_ Dam, in North Carolina. Decrease in height of lifts to about 4_ : 
; ft, or even less at the foundations, and longer time intervals between placing of t ; 
_ superimposed lifts have likewise been found helpful; indeed, the emphasis upon 
quality has resulted i in definite restraint upon speed of construction. = ps 
For the purpose of preventing disintegration of concrete exposed to alternate — 
~ freezing and thawing, and of obtaining greater resistance to seepage through _ 
Re the upstream concrete below reservoir level, there is continuance (for example, 4 g 
es in the TVA construction) of the > practice of placing richer concrete near the 
righ faces. As to this practice, however, there is not complete agreement, for there 
nag are those, competent to have opinions, who attach greater weight to the re 
ne ae ‘sultant lack of uniformity and to such disadvantage as there is in the richer ; 
conerete because of greater, thermally caused volume changes; ‘consequently a 
advocate relatively lean concrete even for dam faces. 4 
as ye _ There is more nearly unanimity as to the feasibility of using lean miata 
; aes bbl or less per cu yd) for the interior masses, particularly where they ¢ are 
quite dry and thoroughly consolidated by vibration. Differences of view in 


= who have subscribed rather to the view y that, granting 


a Of portland cement; including its thermal activity in early life, nevertheless _ 


is no adequate substitute for plenty of good cement. There is a strong 
_ tendency to specify cement content in terms of water-cement ratio in — 
or even without, minimum quantities of cement per cubic yard. 

“ For any masonry dam regardless of height, the art recognizes that preven. 


: - fully, 40 ft to 50 ft, but, where crest-gate lengths dictate, the foregoing | con- ; 
ane ae sideration may be overruled, as in the case of Claytor Dam, with its spacing, 
in spillway section only, as high as 60ft. 


a Engineers have sought to this somewhat elaborate 
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oo : me construction, requires division of the structure into blocks by means of trans- i 5 
| 
| ¥ 
a Bat) at Hoover Dam, of dividing the structure not only by transverse but also by a y 
longitudinal joints, likewise 40 to 50 ft apart. Such practice results in con- 
— 


tee ‘seals at such joints ar are provided to divide the grouting into predeter- — os a 
be to arch dams, there is general agreement that transverse joints, properly 
-grouted, insure the intended arch length and hence immediate arch action 
despite previous shrinkage of concrete. So far as is known, circumferential 
|» joint in arch dams (as used at Hoover Dam, for example) have not been ete a 


-cized. However, as to huge dams dependent solely on gravity, it has been > 
that keying and of joints to the axis not yet 
es eo the joint so that it becomes a slot several feet wide, and, after sented 
rae temperature has been attained in the mass, filling the slot with concrete, without 
aie provision for grouting. Except for the cooling slot in Hoover Dam, this al-— “ 
ternative appears to have found applieation only in Europe. _ yilessasg S19 
=a There i is increasing recognition of the importance of the treatment of hori- — 
gontal construction joints with the aims of providing adequate bond, or at least 
shearing resistance between successive lifts; of obviating atthe 


instance of in this respect is probably under the 
Cas tions for Claytor Dam, but great care is exercised under other specifications, in- 
+ cluding those of the Bureau of Reclamation. Sandblasting of the surfaces — 
a of horizontal joints i is now (1940) practiced at Grand Coulee Dam and is com- & : 


Buttress-Type Dams.—Much of the foregoing is pertinent also to so-called ‘ 
hollow dams, consisting of flat or arched decks supported by piers. The use. of 
3 gl these structures has continued where need for « economy in masonry has. dictated, pe a 
? _ and also where there are anticipated differences, in foundation deformation or ae f 
even fault movement, between different sections of a dam. In dams of this 
kind, » as in the cases of gravity and single-arch dams, the past decade has wit- 
x nessed the overtopping of previous heights. Thus, the flat-slab, Rodrigues 
with an over-all height of 250 ft, and the multiple-arch, Bartlett Dam, 
in “Arizona, with an over-all height of about 286 ft, successively assumed first 
trend is toward wide spacing of buttresses. In this respect the Don 
Martin, roundhead, buttress-type dam, in Mexico, involved a spacing of 29.5. 
Bas: ft between centers of buttresses, being at least one third greater than previous 
buttress spacings for a flat-slab dam. The massive buttress of the 
—— _ Kingdom flat-slab dam » in Texas, completed in; 1040, has a ‘Spacing of 40 = 


4 


74 


and the. behaviors of structures, | including the constituent concrete, undsr ex- 


* ge Records and Reports —There is a distinct increase in effort to determine and — “a 


record accurately the forces actually effective “upon and within completed dams 
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‘The “Technical Report o: on Construction of Morris Dam,” i in 
_ by the Water Department of the City of Pasadena, Calif., set a fine example 
of recording for the use of the profession the history sind much detail as to 

design and construction of that structure. | ome bar 


AR 

ity aved: (ela Rock-Fiu Dams 

a9 Boake fill dams, as a distinctive type of structure, had their origin in the _ 


ining regions of the Sierra Nevada of California. they 


tel local population was accustomed to the use of explosives in mining activities. 3 
‘The same type of structure has been used since elsewhere, where conditions - 
were generally similar; it has been used also where yielding or movement al 


California to the largest recent structures, was made available. 
__In Mexico the low cost of labor and the high cost of imported equipment . a 
has led to the adoption of the rock-fill type for five important dams: Charcas — % 
Dam, State of 1933, 49 ft high; Dam, State of 


cerning rock-fill dams, from the earlient examples in the mining regions of — 


“Jociitione rock-fills have been used. In Chile, the possibility of earthquake 
mage to other types of dams has led to the choice of ‘the: rock- -fill type. ai “i 


Extent of Use.—However, rock-fill not been used. as widely asa 
_ number other types of structure. For ‘example, i in California, which r may be 4 


earth-fill; and the 28. 9%, were of ree or about. the 
“2 "same percentages were reported to apply to the 950, more or less, dams ex- 
amined. Ina list of sixty major dams in California, thirty-four were concrete oid Me 
or masonry, and twenty-six were embankment dams, including ten important ms ie 
_-rock- -fill dams of heights varying from 122 to 320 ft. In a similar list* of 600 Ae a 
_ important dams i in the world, there were ams of were 


of the Bureau of Reclamation, although eartli dams 


_ &**The Design of Rock-Fill Dams,” by J. D. Galloway, M. Am. Soc. C. E. (and the secompanying : 
discussiona), Transactions, Am. Soe. C. E., Vol. 104 (1939), pp. 1-92. 199 


Reaches a by Robert A. Sut! rland, Assoc. uM. lin 
10, 1986, p. 807,” 


ternal and internal stresses. However, in this respect itis only the trendand 
— ~ 
Z 

locations, where transportation of material and equipment would have | 
een: costly, where sound rock iin unlimited quantities constituted the most | 
easily availahle material far enonstruetion and here a verv large nortion 
— 
f 
— 
— 2 
aa ec fonso Dam, State of Querétaro, 1938, 189 ft high; and Tepuxtepec Dam, State ae YF, 
of Michoacdn, 1934, 126.5 ft high. In regions of Sweden, within the Arctic 
— | 
aimcult toundation conditions have ied to the use Of rocKk-Nlis rather 
— 
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blankets on the fades are 
zi ‘7 ‘Bureau show that rock- fill designs (as well as others) were considered, ‘but diss ‘4 
garded for the types shown, for the following structures: Stony Gorge Dam, 
- Ambursen type, 142 ft high, 1928; Bartlett Dam, multiple arch, 270 ft high, _ 
oe 1939; and Deadwood Dam (in Idaho), concrete arch, 165 ft high, 1931. (AF 
nied though these are the only published cases of rock-fill dams having been dis 
if ie carded by | the Bureau of Reclamation after comparison with other designs, it 


Trends in Design —Rock-fill vary widely in As ‘definite / 
2 starting point in a discussion of these 1 variations, the typical rock-fill structure eo 
may be taken as “‘A loose rock-fill forming the mass of the dam; an impervious a 4 

fate next to the water; and a Tubble cushion b between the two. ” Adequate — ne: 
design usually centers in two problems: | 67 mad 


(1) Constructing the fill in such 8 manner as will cause the major portion 


of the total settlement to ‘take 5 place < uring g construction and before placing ¢ of 


_ (2) The selection of a type of facing that is sufficiently strong to withstand 
ie & loads as may come upon it and at the same time is flexible enough to follow M3 
_ withou extensive cracking or fracture such residual settlement as may y later 


‘differing conditions at various sites have led to modifications “ the primitive 
_ or pure type of rock-fill, and these modifications appear to fall into two  , 


The substitution of dry rubble in of the loose rock- fill, o (as the 
is often in California) the “drop-fill” section, forming the main 


of moderate thickening of the dry-laid rubble cushion. In extreme cases & 4 
i dry-rubble fill is substituted for the “drop-fill.” 


inforeed concrete) and the adoption of a modified section in which the body of 
the dam is of rock-fill of various classes, and watertightness i is secured either 
oy an impervious earth blanket on the upstream side of the rock-fill, or an im- — 
- The most complete change under group (1) is to be found in certain of the 
Algerian rock-fill dams, in the Shing Mun Dam (China),. and in the Tepuxtepec Bs 
Dam (Mexico); the r most, complete change under group (2) is to be found in 
4 the revised design of San Gabriel No. 1, and certainlaterdams. 
In the United States, a large part of the knowledge of the behavior of rock- 5 


fill dams and the methods 1 necessary for proper. construction of the fill and daign 


3 
| 
- | purely rock-fill structure in existence. However, its height (313 ft above ee iS 
stream bed) has been exceeded by San Gabriel No. 1, in California, a rock-fill 
: 
| 
+ 
| 
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of has derived from several very large structures, a among them the 
Dix River, Salt Springs, Bucks Creek, and the two San Gabriel dams, in Cali: — 
fornia. The latter are of particular importance in their apparent influence on 
Both of the San Gabriel dams were originally designed as typical rock-fills. 
og a oe Construction of Dam. No. 2 was started in J uly, 1932, and proceeded oe 


ee — untile early in 1934 when it was interrupted o on account of settlement that re- 


a 0% sulted from the heavy rains in December, 1933, and January, 1934 (and that 
dee ee se reached as much as 12 ft vertically), wrecking much of the laminated conerete 


facing. This serious trouble served to focus the attention of all designers = 
4 SS inherent difficulties in providing a type of facing satisfactory for very large cs 
structures, and on the care needed to reduce to a minimum the shrinkage i in 
fis At the same time, by coincidence, troubles of another type developed = 4 
Oe iinaen Gabriel Dam No. 1; there, prohibitive costs were resulting from the very — a 
great excess of quarry waste. This led toa a change in the design of San Gabriel 4 

Dam No. 1 to’a rock-fill with i impervious earth section, which served not 
utilize quarry waste, but also eliminated concrete facing that would have 
been required with the rock- fill design, and with it went such troubles ashad = |_| 
been encountered at San Gabriel Dam No.2. 
precedent (of eliminating facing and substituting a section of impervi- 
ous fill) set in the redesign of San Gabriel Dam No. 1 appears to have “carried 
weight,” for since that time several dams consisting principally of of rock- 


Ai —— impervious earth sections instead of facing, have been designed « or con- a 


~ 


Progress IN KNOWLEDGE OF GROUND WATER 


past decade has been notable for a considerable i increase in knowledge 
a = heal ground water and in the inauguration n of systematic surveys for the further e. i 
increase of knowledge. Much of the information has concerned the limitations 


nat and exhaustion of ground-water sources . Extensive. investigations were made 
of the ground-water levels and salt ontent on Long Island, 1 N, Ke by ‘private 
ae. utilities and by the ‘City of New "York, followed by more extensive and con- 
Ss  tinuing investigations by the state, national, and county governments. These 
emphasiaed ¢ the fact, previously known only toa few, that the western end of of 
Long Island was salready overpumped, with resulting i increase in n salinity. Since 
ele this fact became known, the state authorities have disapproved practically all a | 
iat applications for wells on western Long Island—that i is, in Kings County and r a : 
fe vat parts of Queens County of New York City, except for use in tight, noncorrosi : 
a ; ‘9 cooling systems, in which cases wells for returning the water to the ground me 
’ € ipa required. Heating of the ground water has occurred in some of these cases 4 
where wells were too close to gether. 4 
Immediate influence in ground-water levels between wells 
tee _ miles apart in the water-bearing stratum called Lloyds gravel next above the 4 * 
rock on Long Island has been 1 noted by systematic observations of the water aa 


levels. Pumping at one well: results in decreased distant wells. 


4 

: 

— 

— 

— 
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region of Miami, Fla., has suffered salt intrusion caused re- 
duction of water storage in the Everglades by too much drainage. A joint — 
investigation by several agencies has been inaugurated, of 
In California, where ground water is still the lifeblood of the fruit, nut, and 
vegetable culture which forms the principal business of the state, the closest 
_ attention continues to be paid to ground-water levels and to the legal rights” 
of persons using existing wells or projecting n new wells. The irrigation or ay 
spreading of water on sandy and gravelly stream beds by the aid of a series of 
a low retaining dams, to increase the yield of wells, has been practiced | success- — 
fully, especially i "in the. San an Gabriel Valley south. of Los Angeles. _ large 
dams, San Gabriel Nos. 1 and yA for conserving flood flows for subsequent 
irrigation, have been constructed there in recent years. 
In many parts « of the United State 8 : ground-water r investigations have been 
made because of the increased of the ground-water reservoirs in 
periods of drought which have occurred with unusual intensity in man | parts Paes 


of the country during the past decade. 
, The great advance in the scientific approach to the subject of ground ae ‘he ; 


* will be evident from the following enumeration of items of progress, description — 


which cannot b be encompassed i in the space available | for. this is summary: 


Establishme nt of a section on hydrology, | of Geophysical | 


Union. Valuable contributions to water information are contained in 


rtesian Pressure in in at 
i ‘Study of ground water by oil companies in connection with Pec pe y 


oil- field waters. 
ae Development of of estimating the of "ground water : 


i available i in an area, based on discharge by, plants and evaporation from the — 
ae was in the ground- water study i in | Utah (see U. 

4 Recogaiticn of the existence of pollution by ‘salt of 
ground water by corrosion of well casings, and to correct the conditions, 


in the Hoveiien, Islands, “New Me exico, Florida, and Texas (W. 8. Geological - 


Survey, Water er Supply } Pope No. 796a). Similar work has been done in 


tak 


Joint state and national investigations New Jersey have disclosed 
i intrusion caused by overpumping of wells in areas along the Raritan and South 
Pexas, particularly regions supplying the City of Houston, has been studied 
§ 
| 
t 
iT a ae 1939 inclusive, published in the Transactions of the Union for those years: 3 
2. Establishment of a number of hydrological laboratories for the specific 
purpose of conducting research on the water-bearing characteristics of soil and 
8. Expansion in establishment of state well-drillers associations with con- 
28 sequent improvement in logs of wells and in preserving other valuable data. 


Discovery that yields from have come water 
and not from recharge to the aquifer in the outerop area. Such 


‘heii General use of automatic water-stage recorders at selected inactive vale 


jn areas under investigation. ¥ 


3 on Collateral- ground water studies made in connection with soil erosion eg 
5 oe studies and the attempt to reduce runoff (U.S. Geological Survey, Water Supply com 


ae 


LL. Better understanding of the “skimming process’ for safely obtaining 

fresh g round water in regions subject to sea-water encroachment, 
oe aa Use of geophysical method originally designed for use in prospecting - 

for oil but also used for locating buried pre-glacial valleys containing ground - “4 
water. . The so-called resistivity method has been used in Texas and the Ha- co) 


eee Islands for determining the depth at which salt water will be encountered. 
Among the recent valuable publications on ground wa water are & treatise by 


afty 


F. Tolman entitled “Gro ound Water and a volume by Morris Muskat en- 
tied “The Flow of Homogeneous Fluids Through Porous Media.” 


ihe: device called a water mine, consisting cusentinlly of a caisson from which 
horizontal wells i in star formation | are driven out sometimes to a distance of 


- more than 200 ft, , has been used s successfully i in| . Portugal, ‘and also near the 


‘Thames iver in and ip Obie. 

-Graveled wells are being used increasingly, although wells adapted to the 

s peculiar conditions, such as the California stovepipe well in which the casing aa 
is perforated after the well has been placed, continue to be used. There is an “a 
increasing use of brass and other copper alloys instead of i iron or steel for screens _ a 


of the perforated-plate and the wire-wound types. ep-well umps ~ 


: diss 


motors directly connected below the pump. 


at _ The past decade has ‘witnessed the construction of some of the ‘et im- = 


aqueduct, tunnel, and large transmission pipe-line systems thus far 
constructed in the United States, including ‘such mammoth undertakings 
as the 250-mile tunnel and conduit construction of the Metropolitan’ Water 
38 Dina of Southern California bringing water from the Colorado River to the Bg 
.. Angeles metropolitan area and the 85-mile tunnel of the New York City , Re 
on water supply to make available 540 mgd from the Delaware River and mete a 


much of it being in sizes of from ay to 12 fs Sin in. in| diameter and designed for ‘"s 


— 
— 
a 
— 
ae 
| 
| 
be uncertainty as to when the ground water will recede below the dep 1 possidbie 
A | for suction; increased efficiency of turbine pumps have hastened this tendency. a . 
le 
— a 
addition to the ZoU miles of main aqueduct, includes about 140 miles of large 
| 


heads up to 285 ft. making, transporting, and placing this 
size necessitated the adoption of construction methods seen’ especially for 
the job and the terrain through which it passed. 
Pack The Delaware River aqueduct being constructed to mat New York City 
85-mile tunnel va varying in diameter from 13.5 ft to 19.5 ft. ‘This 
« tunnel is of the deep-pressure type throughout its length, being located from ie 
- 300 to 1,000 ft below the ground surface. _ Its construction involves 31 31 shafts, 
length: of the shafts alone exceeding g 3.5 miles if placed end to end. 
creased speed of construction has been notable i inallthiswork, =~ sige 


% Lf 
‘Committee A21, he Standards Association (A.S.A. ) (Sectional 
Specifications for Cast Iron Pipe and Fittings), = = = 
review of reeent literature covering approximately 600 miles of large con- 
duit construction (36 in. and larger) indicated that approximately 40% were a: 
constructed of steel; 40% of reinforced concrete, with or without a steel cylinder — on 
embedded; and 20% of castiron, 
Reinforeed-Conere rele Pipe—The first shop-built reinforced-concrete pipe 
large diameter used in the United States was that at Baltimore, Md., about ee a 
1914. A recent examination showed this to be in an excellent state of preserva-— 


oa tion ‘with its interior surface practically unimpaired in smoothness. a From 1914 


until 1930 225 miles of reinforced-concrete pipe in sizes in. 


has also” witnessed the use of reinforced- d-concrete pipe in sizes, up to 12 
ft 8 in. in diameter, and under heavier heads than 54 in. cross- 


earlier reinforced- concrete, pipe-line joints were of the jute-filled lea 


are recess of the steel joint r ring on end of the pipe. The shape o of the 
_ steel joint ring on the bell end of the pipe is such that as the pipe is pulled home 
rubber i is compressed. The ‘space inside ai and outside between en the ‘spigot: 


with the jute-filled lead gasket type of joint previously used. tS 
One of the principal advantages of the rubber ring joint is that all eihing ty 


44 
eliminated. Surrounded by cement-protected metal and thus protected from 
BS its chief enemies, light and air, the rubber is expected to have an indefinite life. — a 
a Considerable ¢ evidence exists as to its s durability under similar r conditions. — 
Flow tests of reinforced-concrete pipe indicate little reduction of carrying 


capacity with age. 18-yr-old reinforced-concrete in has stil 


tendeney toward the adoption of reinforced conc ‘loss common than in 
4 | construction, The use of cast iron has been 
Sn 2s have been laid. In other words, there has been 160% as much large is 
$80 miles have been laid. In other y 
3 ~ 
— 4 
3 


ef 


‘Steel all steel pipe lines in recent years have been of 
welded construction, thus eliminating the rough interior caused by laps and 
a: and the longitudinal ridges of lock-bar construction and, in conjunction Be 
‘improved linings, ‘materially increasing the carrying Large 
= steel pipe lines are now commonly made up in the shop in sections of from 30 ss 
a oe fit to 40 ft—generally the latter and occasionally longer—the upper limit being 
ei determined by the necessities of railroad transportation and ability to follow — 


the curvature of the railroad. Field joints are usually either welded, bell-and- 
a a ‘f Spigot, slip joint (in which the bell is made by expanding one end of the pipe 


wy or by welding on a collar, the joint being made up by welding or by riveting and © 
1 ealking), or Dresser coupled. Probably a combination of the first and last 
| famed types of joint is used most frequently, 
Standard specifications for lock-bar, riveted, and welded steel pipe 30 in. 
larger have been developed by a ‘committee of the American Water Works | 
Association (A.W.W.A.) and are now (1940) under discussion. Specifications — 
7 _ for smaller steel pipe, and for linings and external coverings of tarenameland | 


9189 Cast-Iron Pipe— —The use of cast-iron pipe in large sizes is receiving asnawed en 
attention since the standard specifications by Sectional Committee A21 have 
made available, _ These ‘specifications, which have 2 resulted from | 13 years 

gh testing, research, and study by a Sectional Committee (A21) organized under a 
the American Standards Association and sponsored by the American Gas As- __ 


diameter are being produced thus. Centrifugally cast pipe designed according 
the procedure developed by Sectional Committee A21 accepted for 
«Bh 000 ft of 30-in. pipe line at Corpus Christi, Tex., 121,000 ft of 30-in. pipe 
line at Greenville,, 8. C., and approximately 25, 000 tons at W ichita anes 


largely 42 in. and 48 in. in diameter. 


for —It has been quite common practice in recent 


American Society for Testing Materials, American Water Works 
Association, and New England Water Works Association, have devised methods ig 
design which take account of earth and truck loads as well as internal pres- 
The adoption ¢ of spinning or centrifugal production methods for pipes 
; large size has made 1 rapid strides and at the present time sizes up to 48 in. in 4 


>) 
: 


as s well. as fixed charges on the cost, are given consideration. There 
“x ee has 1s been considerable variation in the bases of evaluation, depending upon the - 


background of experience of, the designer, the character of the s soil as 
A 


_ (PWA) have taken a hand in fixing t these bases of evaluation on projects in 


sarrying capacity, and life. Officials of the 4 
= which the federal government was providing a grant in aid. i a relatively 


— 
} =a 

2 

ls 
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— from two or all three of the aforementioned materials. Usually these specifica- a 

— 
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Mate mony ominant ma 
the construction: of distribution m systems. — ‘The processes for producin ing cast- en 
iron pipe have been greatly i impro ved, ‘resulting i in 1 grea r unifort mity in thick- : 3 
ness and in metal strength. The process for centrifugal casting in metal molds 
ie without cores was introduced into the United States about 1922. The method 8 
of centrifugal casting in | sand molds without core cores: dates | from 1926, and pipe 
- horizontally cast in green sand, with multiple gates, from 1922. _ Previous to 
this all cast-iron pipe was cast vertically in pits. At present only a small per 
centage of pipe is cast i in pits and that is mostly it in a large sizes. “8 Within the past ate 
years (1937-1939) the centrifugal ‘methods have encroached ‘rapidly on the 


Cement asbestos pipe was introduced from Ttaly in in 1930. has been pro- 

duced there § since 1916. It is “now | av vailable from a number “of factories 
"3 tributed over the United States in sizes from 4 in. to 20 in., inclusive, and its 


Steel pipe, with the Various protective coatings: mentioned elsewhere, 
some of its former popularity. ~The ‘cycle through which steel pipe 
for distribution systems has passed is an interesting one. In the middle and seus i: 
— datter r part of the last century it was used extensively in the eastern part eee 
 -United States in riveted form with thin plates and with a thick inner ‘Tining « or 
natural cement mortar and often an outer mortar coating also. During wee Aa 
first quarter of the present century it was common practice for ‘the | more pro- io 
‘motional type of developer in California, and perhaps | some other s states, to use Coe 
thin riveted steel pipe in all sizes, using metal of 12, 14, and even 16, gage. No AN 
. "mortar protection was used but the surface protection was usually an ordinary 
hot asphalt « dip, and lengths were joined by | driving taperer d end into the 
length after heating the coating that” it would seal the joint. 
‘Several miles of 9-in. and 11-in. riveted pipe, 16-gage thickness, laid i in 1873 
a 1876, have just been replaced i in one California city because of a change i in 
operation involving increased pressures. |§ 


‘Then, for a time, perhaps due to - easier market in cast iron, little was 
to . advance the use of steel pipe in the distribution | network although nrger 
steel pipe, generally of substantial thickness, was used extensively for trans- 
mission lines. Recently, welded steel pipe comparatively thin steel and 


tar enamel coating has been used to a considerable extent in with 


Now. has ‘come, } particularly on the Pacific Coast; of 
4 steel pipe, somewhat after the fashion of the cement-lined and covered pipe of - 
the past century but ‘applying the improvements afforded | by the development 
of spun cement lining on the inside and reinforced gunite protection outside. rs 
oe The steel is much thinner than would be considered now for an all-steel pipe < 
_» of the same diameter, , being designed for r the bursting stress with a eae. 3 
- _ thickness dictated | by experience to produce a a pipe stiff enough to hold its ‘shape spe PPh 
4 during the spinning process. After ‘Spinning and guniting, the pipe can be | 
! | 4 7 handled safely, ie by placing in ‘cradles on truck or car, and laid with a 


- Sti e normal thickness of lining on on the Pacific Coast is is ‘about 


1 
| 
WS fer 
| 
; 
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in. and of about in. mesh reinforcing. The pipe is 
is welded and may be rolled from rectangular plates or spirally, from a strip. The 
ue a _ joint between lengths may be of the bell-and-spigot design, calked with cement, 


and finished with mortar both inside and | out. The steel i | is completely pro 
i, Pe. tected. _ For California, pipe x, this design becomes cheaper than cast i iron a 


Ras. methods designed to give the pipe the best chan 


; “aie "pipe inid on blocks i is more ot to fail and the strengthening which may ne 

AR = . accomplished by tamping beneath and on the haunches of the pipe. More | 
he attenti tion v will be paid to these things ir in the f yop For given conditions : and SS 

factor of additional cost tamping ia is more than in 


mber 
Re. ig es takes into account not only the internal pressure but the external hava ze 
and manner r of laying as’ well. This: method is backed by. a tremendous amount 
x of data, either the result of experiments directed by the Committee or the work :. 
of earlier investigators. As a result of this work pipe can be designed for vari- _ 
ous pressures, various ‘depths of cover and different soils or laying conditions 


Joints —The notable in joints is the continued effort to depart 


a siya lead substitutes h have been used ltoa considerable extent td joints 
a 


tod of ne portland cement have been found economical and very satisfactory ag 
e ‘Lead joints are sometimes placed at intervals to provide a certain amount of 
ductility to the line. With improvement in the the manufacture of ru bber, 
3 of this material are being ‘used with a follower for ‘making uy up bell- and-spigot _ 
joints. _ Past history as to durability of rubber gaskets in enclosed is 
‘reassuring. _ Rubber | also has the advantage of being easily sterilized. 
Braided hemp for packing has shown economy over the old- yarn 
Bega of the saving in time. Proper lengths for a given size of pipe can be 
cut quickly and accurately, resulting i in uniform joints and saving ( of material. P 
coat It has been found to. give | less difficulty” in sterilization o of the line than loose me 
jute which sometimes protrudes into the pipe and apparently acts as a culture’ 
bacteria, probably harmless but giving undesirable laboratory reactions and 
proving extremely virile i in resistance to chlorin. Main laying specifications 
show a tendency to be more stringent as to leakage than formerly. fonts. 


__ Services —During the past decade there has been a great advance in the. 


of services, The lead service is very much less used. than formerly. 
a eo Galvanized steel or wrought iron is still used, but a large number of communities a 


: Ee __ have abandoned this material i in favor of copper tubing which is now available 3 
a reasonable price. offers the advantages resistance to corrosion; 


be 
iq a 
The Committee’s elaborate work which has extended over 13 years hasre- 
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— 
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“fexibility, requiring no fittings to change for purpose ch nging 
elevation or passing an obstacle; and, since it comes in 60-ft lengths, requiring — : 
a coupling for any reasonable > length. Up to this time no important draw. : 
backs to its use have appeared, although there have been a very few reports of Piha 
brittleness and there is an occasional report of green stains of origin as yet 
stray currents, possibly electrolytic action between 
i aa dissimilar metals. Copper fittings are available for use with the tubing, either 
ss requiring expanding the end of the tube or the so-called streamline ape which “oa 
are soldered in place. With all copper from main to meter, the service ice may woe a 


a ie considered as of equal permanence to any other part of the system. ah. igre 
Cement-lined steel pipe and fittings are also available in greatly improved 
aa ve form and are preferred over copper by some engineers. _ At the present time 
‘: the the cost is is somewhat | less. _ Cement-lined | cast iron is available i in sizes of 1} in 
and more, e, and is standard practice i in many localities for larger services. 
4 yagi Valves and Hydrants.—No great advances or new ideas are to be noted in a 
Fthng The A.W.W.. A. has issued a new set of of specifications v which is intended to 


ia Fittings —Sectional Committee A21, in addition to its work on cast-iron ag 


pipe, also some work on t n the design of fittings. Tests for 


toa considerable extent as are other | short body designs made > by various: manu- 

‘ facturers as standards of their own. For larger fittings no o changes have as 7 
a yet been decided upon, but the strength tests have indicated need for strength- fis ‘ 
ening | certain of the old standard designs in tees, crosses, and wyes having a 


outlets the same or nearly the | same as the main Pipe, thus ‘producing. large er 


listed with certain pressure ratings, have seldom been used at those ratings 
and are not properly so rated. — 


‘There an increasing interest the past in ate: 
nomenon of a of decreased capacity of pipe lin lines caused by corrosion and tubercula- — ‘ 


that show, almost invariably, large reductions i in carrying Tar 
ae had begun to yield to improved linings | as much as 30 3 years ago, and a strong | fe 
= impetus was given to this movement in the decade previous to that included ¥ 


ree: 

sequently i in steel pipe. ‘The progress 1 was slow, however, and water supply 
superintendents and engineers were seemingly less enterprising than their pred-— 
a ‘ant of 50 to 70 years Ago, ¥ who laid many miles of thin steel pipe pe lined with 
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most of it has been retired on account of structural weakness. 


for the: year 1938, the cast-iron = 


ens as reported to the committee, and a: 
about 7%. A recent canvass made by the for the Committee, 
indicates that the percentage has increased to about 29. This increase is 
—-eaused largely by the development of a thin, \ spun cement lining, which isat 
_ first thoroughly rubbed on to the iron with the pipe spinning at low speed and ye ; 
- then smoothed centrifugally by a higher speed. The thickness’ varies from 
ae athe in. for smaller sizes t to } in. for larger sizes. It is frequently protected from 
rapid leaching by a spray coat of asphalt. SRUDS to 
For steel pipe in the East, spun tar enamel has continued to be the rul a 
except for spun cement lining in stock-welded steel pipe in diameters of 25 in, aa 3 
and smaller. Tar enamel has been used extensively on the Pacific Coast, but 3 
the East Bay Municipal District and the City of Los Angeles appear to Auer 
_ standardized during the past few years on spun cement lining for steel pipe _ 
ith reinforced gunite exterior coating. The City of San Francisco, Calif., 


has installed steel pipe coated | bees tar enamel without the usual priming coat. 


and the enamel have become highly as have also methods of 

_ testing the enamel for pin-holes both in shop and field by high potential electric 

—During: the decade, a machine for apply- 

ie cement mortar to large pipe ines in place by a centrifugal thrower ao 

ia lowed by revolving trowels, has been dev eloped and used for the lining with 

cement mortar of about 63,000 lin ft of steel main from 48 in. to 54 in. in di- _ ea 
ameter. It is understood that a greater amount is on order, indicating increased r 
future use of this method. Most of the installations have been in the recon- 
ditioning of old pipes, but new work will pha in the li lining: of pipes laid without x 


throwing the mortar and a set of trowels attached to arms which 
One who i is acquainted | with the development : and practice during the "past “Ss 
15 years. in the lining of cast-iron pipe with cement mortar, centrifugally, and van 


with the developments of cement mortar lining of steel pipe on. the Pacific 


a Coast , during the past 5 years , cannot but be struc ck by the extreme differences 

in the proportions and of the linings and i in the details of workman- 
ship. The cast-iron pipe linings began with a mortar having three partscement < 

one part sand, and in only a few as the Committee i is aware, has’ 


As late as the report of this committ 
— 
& 
4 : 
a 
— 
— 
steel pipe before coating; and also to whitewash the exterior coating w 
& { ‘es we ‘tar enamel is used to protect both interior and exterior enamel from the heat A: | 
the sun. Such whitewash has been found to improve the resistance of the | 
ae a ‘coating to soil stresses. Tar enamel of improved quality, “plasticized,” has = 
— 
— 
— 
— 
He 
or 2 in. in thickness. The nrocess consists of dashing ceme ortar on the 
— 
— 
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ny mo ortar rich 1: bee used. ‘The early spun cast- 
-jron pipe were, in some cases, as thin as in in., and the recently adopted A.S.A. 
provides for not less than } in. thickness for the small pipe, 3%, in. for 
intermediate sizes, and in. for the larger sizes. A few have 


because of the manufacturers’ fear of cracking or separation. 
+ ore cement lining that has been responsible during 1939 for the great in- ae a “3 
crease from about 12% to nearly 30% in the percentage of cast-iron pipe which 
cement lined was described previously herein as having a thickness of fein. 
to } in., according to the size of the pipe. This lining is supplied withoutextra 
charge as compared with tar dip and, therefore, has been accepted by 
who do not feel moved to pay for a cement lining of standard thickness. at 
= In steel pipe on the Pacific Coast, linings of about } in. average a sic 
_are specified with limits ef in. to in., or in. to in., and with mortar having 
_ proportions of 1 cement to 2} sand with even | part to 3 parts permitted in - 
eases, This latter proportion is, roughly, nine times as lean as the mortar 
that was commonly used in cast-iron pipe during the greater part of the past ar: 
7. Beak decade. In some cases, also, the steel pipe specifications provide for removal | 
. fen of laitance from the interior of the lining after spinning and d ite replacement a 
with a surface finish of troweled mortar. to) 
z ‘ _ Some have recognized the importance of the choice of a proper cement for 
es the lining of pipe, and the laboratories of several producers h have investigated — eS. 
this matter; some of them are still investigating. engineering profession 
“ta has been very backward i in attacking this question as a research matter. Ob- sue A 


‘if the cement is of very low solubility, and even a thick lining will lose its s smooth- 
ness, with the resulting decreased carrying capacity, if the surface mortar be- 
comes roughened by loss of cement. The favorable long-time experience with - 


4  cement-lined steel pipe of the past century is unfortunately not directly appli 


aay ast cen Girect 


-eable because it was done with natural, not portland cement. 
" if Eastern manufacturers of steel pipe appear to be uncertain as to the safety 
a of spinning a cement lining and subjecting it to the distortions caused by back- 
“filling. As far as the Committee is aware, the western steel pipe lined with 
§ _ cement has been all covered with reinforced gunite and there is Ae Sa 
’ gt (as yet unanswered by the test of construction and use) as to whether mortar pie 
in a large steel pipe not covered with gunite would be damaged by backfill 
a even if the pipe, while being backfilled, were subjected to water pressure. The a Si 
_ attachment of stiffening angles, or the use of special plates rolled with stiffening eS o 
_ ribs, has been canvassed, but the expense involved renders this type of con- aes rey oe 
struction uneconomical as compared with other available types. fi: 
_ Lining of Small Pipe in Place——During the past decade the Australian = 


a “netted of lining small pipe in place after cleaning it has been developed and ear 


ensiv' 


ensive use in Australia, New Zealand, South Africa, and 
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‘WATER SUPPLY ENGINEERING 


- coal tar dip and, for cement-lined cast-iron pipe, various kinds of bitumi- 
varnish as well as tar dip, ¢ are the prevailing methods of protection. 


or over a special primer is frequently t used, following the successful experi-_ 
inaugurated about 25 years ago. In recent months cement mortar 
Se _£in. or more thick, wrapped on with an open-mesh cotton fabric which is sub- _ ( 
ork. “gequently brushed over with mortar, has been used in some cases on pipe exposed — 
the Pacific Const a process has been developed. recently by 1 which a mix- 
ture of bituminous filler with graded gravel and asbestos is fed hot, under __ 
es to the exterior of a pipe which is mounted i in a machine, “80 that the 
comes out with a protective material having a thickness of in. to } in. 
a i et _ This development is made for oil pipes but is being applied under license. ou 4 
a i - During the last decade, the exterior protection of steel pipe u used in in water eo 
BS «> Mes supply has been either of tar en amel or tar enamel with asbestos felt or or kraft iy 
‘paper wrapping, or of gunite. One large job had a wrapped mortar covering. 
= “1H Reference has already been made to the East Bay Municipal District and the . 
a. is Los Angeles standard eonstruction of 1 of mortar lining and reinforced gunite ex- 
coating ‘for steel pipe. In very corrosive ground this gunite is placed = 
tar enamel on the exterior of steel pipes wits 4 
= Cathodic Protection for Pipe Lines —For some years well- 
. - supply engineers have been watching the rapid development for the protection — ee. 
4 ee of gas and oil lines by the cathodic protection method. One long steel water aa 
ae agit main on the west coast (the Mokelumne pipe line of the East Bay Municipal 
oe . District) , following a partial failure of the bituminous and felt wrapping coating ot 
originally provided, has been equipped with cathodic protection. A recent a 
ba oad specification for a long water main provided for a tar enamel coating and for a: $ 
= the removal of stones and muck from backfilling to be used within 6 in. of the = 
eS eS It was the intention that the engineering records should strongly 1 recom- 
oe mend making periodic inspections of this pipe line and applying cathodic pro- 


if and when required. A pipe line must have continuous 
ding either through welded joints or by very generous bonds. across joints 
Mt in alan that the cathodic method of protection may be applicable. A well. 4 


ee known coupling contains a metallic spiral spring in the rubber gaskets designed — 


kien cathodic protection appears of such interest and potential importance _ : 

ss, <* a to water supply engineers and owners that a general description and ap- 
praisal of the process which has been kindly furnished by one of the contributors 
outside the Committee membership has been included in this report. 


heading “Increasing Use of Cathodic Protection”). = 


Concrete Incasement of Old Steel Pipe-—More than 22,000 ft of 4 
pipe in the Vista, Calif., irrigation district have been saved from 
tion and given a new lease of useful life in very corrosive ground by incasement - 

in concrete reinforced d by hoops a rods and — inside 


P 


\ 

: 
as 

—— 
¥ 
— 
— 
— 
Bess 
— 


i a; Within the past st decade t the large elevated tank has come e into its sown. en 
earliest steel elevated tanks (the first of which was built “4 Laredo, Tex., 
1893) were practically all built with hemispherical bottonis. “This practically. 
"limited the size to small capacities unless a relatively large variation in head 
a * could be permitted. A notable exception to the ordinary range of sizes was the or 
- ot tank built for the Louisville (Ky.) Water Company i in 1905. This tank mathe 
ie 1,200,000 gal at a total height of 220 ft, a diameter of 45 ft, and a s water-level 
variation of 87.8 ft. Such a range of head would ordinarily be undesirable. 
4 the hemispherical t type of bottom design, if the variation in head is 3 kept 
within a reasonable range for large. capacities, the diameter would become 
great that the relation of the vertical side-wall height to the height of the 
__ hemispherical bottom would be all out of proportion. — For all practical pur- — 
poses, therefore, the hemispherical bottom tank was limited to about 250,000- 
z ‘This inherent difficulty with hemispherical- bottom | tanks led to the | design 
- of the ellipsoidal type of bottom, the vertical ul depth « of which is about half that 
of the hemisphere. With this type ‘of design it was practicable to build tanks 
of larger capacity with relatively lower head variation. This design is well 


_ adapted for capacities up to about 600,000 gal. 


tk Beginning about 1930, elevated tank builders developed ‘a design having'a 
_ substantially flat bottom supported upon beams, girders, and columns which 
made it practicable to store water in any quantity desired, with substantially 
any range in head desired. © Further variations i in design have included oblate _ 
_ spheroids with bottoms flatter than tops and with water filling against a 
5 curving top as well as sides and bottom. These progressive improvements oe 
: ~ design have been reflected i in n the growing use of f large elevated storage tanks. 
The past fifteen years have seen the installation of more than 250 elevated et 
tanks larger than 500,000-gal capacity, of which 77 were 1,000,000 gal or over, 
me Some o of the contributing factors, other than the developments i in design, j Ss 
which have brought about this great increase in use of large elevated storage seg 
capacities, are discussed separately herein. we 
Appearance —Coincident with the developments i in » design, there has been 
a studied effort to make the elevated tank an attractive structure.” This phase _ 
» of the problem received a real impetus by a nation-wide competition of elevated 
aay designs conducted by one of the leading tank manufacturers a few years 
é: ago. Several hundred designs were submitted and substantial "prizes were 
awarded for the best designs. Out of this competition gre grew an appreciation — 
ee: of the fact that an elevated tank need not be a blot on the landscape. Tanks» 
_ now have a more streamlined appearance, the old conical roof has largely been a 
supplanted by the graceful curved lines of the upper part of the tank, in which — 
the roof serves as a water holder, and in many of the larger tanks tubular cole 
umns rather than structural built-up members have been used. aru 


Hs. notable illustration of this type of construction is the F Blue Ridge tank ot 


recently completed at Indianapolis, Ind. In this tank the central riser is re- 
_ placed by four centrally grouped tubular columns, thus better distributing the 


ei ht and permitting the center control compartment, or to 
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ou 
% utilized as the riser pipe connecting the tank to the distribution system. An 
_ other serves as an access tube to the tank interior, and within it is placed the 
ladder, overflow pipe, pressure pipe: for flushing, and conduits for electric wiring, 
In addition to the four centrally grouped tubular. columns, the tank is s supported kee 
by twelve outer columns. All columns are 54 in. in diameter. The bottom 4 
of the tank is ‘supported on twelve radial girders constructed as cantilevers, ™ i 
the « outer wall of the tank being 9 ft outside of the r row of columns. . 00,008 he 
Construction Methods.—Within the past decade elevated tank construction j 
has changed from almost 100% riveted, to almost 100% welded, construction, 
particularly for the larger sizes. This. change took place almost over night. 
Specifications for welded elevated tank construction are now in progress of 
3 preparation through a joint committee of the American Water Works Associa 
tion and the American Welding Society. . Iti is believed that t they will be pre 
tiges 
sented to the respective societies for approval during 1940. italia bahape ta 
_ Economics of Elevated Tanks.—The use of elevated tanks i is no longer Pore 


at Detroit (Mich.) of 1 ,500 000. gal capacity each, and one of 2,000, 000 
Buffalo, N. Y., with three tanks of 2,000,000 gal each; Columbus, Ohio, with. 
two of 1,000 000 gal, one of 1,500,000 gal, and one of 2,000,000 gal; Milwaukee, — 
‘Wis., two of 1, 000,000 gal e each, ‘Sacramento, Calif., two of 3,000,000 gal ea each, 
_ Unusual Designs.—Like all other engineering matters, the selection of type ¢ 
and dimensions of tank i is largely dependent upon the local requirements. I 
- lustrative of this fact are the installations at Kenosha and Racine, Wis. I 
each of these cities elevated storage was desirable in the amount of about 
1, 500, 000 gal. _ It was found that, with the topographical conditions, distribu- * 
ystem layout, and the clear-water storage capacities at the filtration 
plants, it would be practicable to build a 3,000 ,000-gal stand-pipe for substan- 
- tially the same cost as a 1,500,000-gal elevated tank. The top half would be 
f vailable and used as high service storage and the bottom half would be made 


available by pumps, if. when the level was drawn below 


; teel stand- ~pipes | having a combined capacity of about 8, 000,000 ea have a 
‘covered inside and out with reinforced gunite about 2 in. thick. The bottoms — 


vet _ Protection of Tanks.—P aint continues to be used except in a few cases 8 where ; 
tanks have been protected by the use of gunite, and recently by cathodic 
methods which will mentioned d subsequently herein Standard red lead, 
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resist full internal pressure is bonded with and encased in @ concrete shell. 
a i. io shell was poured while the steel tank was full of water so that the concrete @ ia 
_—— j. isunder no stress when the tank is full and in compression at all stagesoflower 
level. The desig ides resistance to possibl fthe contained | 
— Water evel, design provides resistance possibie surge Of the contained, 
— 
— 
| are entirely reimiorced gunite. existing tanks were coated with gunite 
a i oe Ree i, several years ago and the gunite has remained thus far (1940) in good condition. _ 3 
— 
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He vehicles es wholly 0 or © partly replacing linseed oil and i in the use of aluminum p paint ? 


and engineers are over optimistic, and Baten 
ough 
ought by their aca 


as water works 1 su 
patience | to ‘descriptions of new paint products which are th 


4 
——- to be superior to the old paints, there appears to be no conclusive 
iin. evidence that modern paint has a longer life than the paint used in past decades. 
<li recent months the cathodic method of protecting ferrous metals, pre- 
viously exploited and Pare to some extent for the protection of boilers, con- 


the ‘exteriors of busied pipe, have been adapted to the protection o of steel 
tanks. Anodes of stainless steel or graphite are hung in the tanks and a a 
direct electric current is passed in such a way as to make the tank cathodic, _ 
_ which tends to transfer the corrosive effects from the tank to the renewable — ae 
anode rods. There are many of these installations recently made, beginning 


fe about 1936, but the Committee has been unable to secure a genuine appraisal — 
«of ‘the effect as yet, although favorable opinions are expressed guardedly. 


oe, hs Ih one case noted, the throwing off of rust following the application of the — nee: 
‘ - cathodie method caused an old, very rusty tank to leak at certain seams and x 


of buried p pipe, that the method will be 
nereasing Use of Cathodic Protection—Cathodie protection as a means of 
"protecting the exterior of pipe lines has been known for a number of years. 
March, 1908, Herman Geppert obtained a German patent and in this patent 

~ mentions placing the anodes close to the pipe and connected to the oe 


to the pipe line and the positive side to an electrode in th 


on cathodic protection, ‘but to. show ‘that cathodic protection was recog-_ 
_ nized as early as probably 1905 and 1906. However, it was not until within 
the ‘past ten or twelve years, that the use of cathodic protection | on pipe lines 

ve very much a attention. paw ted od 


of. cathodic protection installations to protect pipe lines. — In those days the 

- uccess of the installations was generally mes measured by the 1 reduction in the 
_ number of leaks which occurred on lines that had been protected. Forexample, — 

; * on one 5-mile section of a pipe line in Louisjana in the beginning of 1931 five 
leaks | were reported. At of 1931 were reported, 
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protection was installed development of leaks about six 

months following the installation, after which time the cathodic protection 


definitely prevented further development of leaks. 19 doy. 
4 §. G. Rhodes was probably « one of the first engineers to protect a large 
- counted pipe line cathodically. One of his most recent installations i ison a 4 
bare 24-in. steel water line® which is successfully protecting t the line. 
The extremely cold weather « of 1936-1937 damaged numerous fruit trees 
California due to freezing temperatures. As a result of this the California 
_ citrus growers installed a piping system near the surface of the ground convey- ey 
ing fuel oil to pressure burners distributed throughout the groves, which - 5 
burned when temperatures are low enough to harm the fruit trees. These pipe 
a lines, being near the surface of the ground, were subject to rather severe cor- sf 
ee rosion | and cathodic ic protection n has been used successfully to protect these a 
During the 1939 Golden Gate Exposition on Treasure Island in California, 
oa oy the networks of five utility systems were subject to the severe corrosion of the ye ! 


 non- -homogeneous, highly corrosive filled soil. Failures were so rapid that ac- 
tion had to be taken immediately to reduce the number of leaks. By the use ye 

of a combination of insulating joints properly installed and cathodic protection, pre 

‘and cable failures have been practically « eliminated. The status of this 
work i is reported by W. E. Schneider. ay pagal wan 
= _ In the past few years practically all the oil and gas lines in the Southwest 


a and Middle West are being protected in the “thot spots,” or regions of corrosive | 


—* 


soil, by cathodic protection. Many different types of installations are made. a 
The most common source of power for cathodic protection of pipe lines is the | ae : 
copper oxide rectifier of a type developed for the This 0 


‘3 

ae _ Another method of generating current for cathodic protection has been the >) 
use of zinc bars placed in the ground adjacent: to the pipe line. Probably the 


use of zine for cathodic | protection was in boilers, where a a nugget of zinc 


ships were also ) protected by this method years ago. Because of the potential 

x difference generated by the dissimilarity between the metals, zinc and ron, 
re  eutrent is driven through the soil from the zinc bars to the pipe line. It is — 

a reported that a 1-in. square zinc bar of pure electrolytic zinc would generate _ S e 
approximately 0.025 ampere when connected with the pipe line. bere 


3 pipe, and approximately 10 ft apart for 8-in. pipe. | 
BES 
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“Cathodic Protection of a Bare 24-in. Steel Line,” by T. C. Marshall, Gas Age, April 13, 1939, sil a = 


i 
of 
; 
— 
Q 
— power has not been available, such as on the oil and natural gas linesrunning = | 
through open country on right of ways, other sources of power have been used, 
such as gasoline-driven motor generator sets, natural gas-driven motor 
erator sets storage batteries, and—one of the most recent developments— | 
a 
4 


‘5 The « cost of of cathodic protection is controlled i in nthe most part by the oer 
system used. 4 Theoretically, the farther away from the pipe line that the sana 

~ ean be placed, the larger the area of pipe that can be oOo for approximately — 
ee same power cost. _ However, it is not always practical to place the anode — 


at a sufficient distance from the line and in these ce cases the distributed a anode e | 
system has been used. If any other structures are in the vicinity of the | pipe Re ae 
line to be protected, such a structure might “shield” the pipe line from the ive x 
anodic current ¥ with the result tl that ‘corrosion of the structure might be be quite 
serious. "Therefore, it is impossible to apply cathodic protection to any one 
structure in a city network without giving due consideration to all the other — A 2 a 
structures present. Ca Cathodic protection of mains joined with material that i is 

e not a good conductor should not be considered unless all such joints are bonded — so ‘ 
with a copper wire of sufficient capacity, at 


by leaps | and bounds within the past few year s. Theoretically, it can be us ae 
as protection for practically any structure i in any location, but there are some 


inclusion of structures and where the anode have to im- 
adjacent to the structure and extended over the full length to be 


_ Practically all the companies owning underground piping or cable aie ce = 
are successfully using cathodic protection in one form or another. Hundreds 


of miles of “water, gas, and oil lines are now protected by this method. 


Mergers ann Gages 


|The types | of water meter used to measure water delivered to domestic . and > 
other consumers are generally a as follows: (a) Positive displacement meter, (b) “? ie 
current | meter, (c) compound meter, and (d) fire-line, compound, proportional 3 
meter. There have been ‘no material changes in the fundamental design of 
< these meters, but improvements have been made i in the choice of non-corrosive - z 


commissions are narrower limits accuracy than 
formerly, — flow t tests resulting from this 1 movement § seem to prove that ther 


A cost analysis of one of the large installations of zinc anode cathodic pro- 
tection shows that the actual cost for protecting 6-in. welded steellinesamounts 
approximately 23.6 cents per ft of bare line, and for an 8-in. welded steel 
§ 
a 
. ; y protect the inside of a small water pipe line or to prevent corrosion produced 
* a, 4 i by brass valves in small water lines. However, it can be used to protect pipe ee — 
10r the Moving parts and Casing, and in some cases the enciosure Of the 
— 


of material, resulting in greater accuracy, 
meters generally used for the of stations 


below. The type has been improved by the use of chrome steel 
ee te for the bearings and the use of mineral base plastics for propellers, and these _ 
2 ae have been found not to crack or change in hotfor cold water. Special meters — 
this type have been developed for use in open. channels. One is installed 
_ in the new Croton Aqueduct at Dunwoodie Station, New York. Others will is 

be installed in the intake channels of the filtration plant by the pert s 
Water District of Southern California. Vertical installations have been used 

% Evil in the intake cribs in Chicago, Ill. A special meter for measuring the output . 
i oe _ of individual suction wells from 4 in. to 8 in. in diameter has been developed. _ 
In place of a Venturi | tube or an orifice, there have been a number of of in- 

stallations i in which the losses in head in the tapered cones leading to pumps or 

hw the pump casings themselves or elbows have been used in connection with the he 


> 
indicating and recording devices. An open-flow nozzle for use with indicating 


and recording devices has been developed and used. Further 
research work for establishing t the law of Venturi-tube coefficients with changes 


Ke sae of size and ratio of throat to main has been done to a considerable extent during 


pt In 1936 the Joint. Committee of the A.G.A. and | American Society of Me- 


chanical Engineers (A.8.M.E.) published the results « of its work on the deter- 
mination of coefficients for the thin-plate orifice. Reynold’s numbers have 


_ been used in the mathematical classification of the results. This work i is being | a 


te Devices have been invented and used by which the head at at ‘the throat ‘a? 


es st orifice may be negative without i injury ‘to the : accuracy. The | primary and the 4 
elements of these meters are connected by tubes containing air in- 
Stead of water. Summation indicators and recorders are also in use which ; 
totalize the flow of several enturi meters as well as indicate ‘the diffe e rence 


between the flows of two or more V enturis. Meter tubes and indicators which 
ae _ will measure flow and indicate and record flow i in either direction are in use. 
Indication and control of the ratio of re rates of fic flow through two Venturi meters 
oh v3 can be had; go also can be had meters to act as controls for chemical feed equip- — 
“4 ment, automatic water softening equipment, ete. new principle for r totalizing 


Pe the flow has been developed which utilizes the force e developed from a gyro- : 


and Telegages There have been many developments during the 


rented telephone wires others are operated through special wires. One 

aoe these systems, which may | be « defined : as the time-impulse system, is a distinct 

product of the decade and is in extended use in water supplies. 
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Me Parallel with the development of telemetering and telegaging hes éome t e 
distant control of valves and p pumps. ps. The operator i in this case i is able to see 


There are important installations of this kind both in Baltimore and 


the | past 10 years the changes i in centrifugal 


=: te been a distinct shift from sleeve to ball bearing, although there are many if 
‘ ; = operators who still prefer the sleeve type. The use e of ball bearin ngs, par- 
on relatively small pumps, permits of closer r running ‘clearances, thereby 
In the larger pumps, however, it is still common practice to use sleeve e bearings ns 
with the outboard Satipped’ with ‘a ball thrust bearing as well to take any ny tne 
balanced thrust that ‘might occur due to changes in hydraulic conditions. 
Be b _ Efficiencies are becoming higher year by year, 88 or 89% not being at all 
unusual for a pump operating under favorable conditions. 
_ Large Centrifugal Pumps of High Efficiency. —The peculiar needs for boost- 
inga large quantity of water over the high divide traversed by the new aqueduct 
- which will carry water from the Colorado | to the Metr olitan Water District 
3 


& of the Los Angeles r region caused the . development. of vertical centrif ugal pumps Se 
eS very high efficiency—that is, approximately 92 or 93%. A difference in 


‘ operating efficiency of" 1% all the > pumps in various boostit stations along 

this aqueduct meant again or loss of about $40, 000 per yr in power | costs. 

_ These pumps have lifts of 440, 300, and 150 ft, respectively, and capacities of 
a about 130 mgd each. Pumps of about this efficiency have been obtained in 


Mixed Flow and Propeller Pumps.—In- the ‘large capacity low-head 


field, the mixed- flow and propeller- -type pumps have been progressing rapidly— 

b: the saiead flow | particularly in sewage work and the propeller type in the drain- 
age field. Inasmuch as the characteristics of these pumps, particularly « 


“horsepower, vary from the straight centrifugal w unit, it ‘is quite imports 


ant to 
"give ‘these features: ‘close study, where synchronous motors or rigid 


| mits e ft these two types. have the great 
advant ntages of be and a wre suitable for operation at higher 
without of “thus causing some saving in space and 
additional saving i in the price as "the he driving motor. Most of of these pumps are : 
ag A igh- Pressure Pumps. a a multi-stage pumps continue to be 
used and have been developed for very high-pressure boiler feed and hot. o oil 

"pumps... « of ‘these installations have proved to be very y satisfactory... ni 

Pumps. —Three developments in well pumps are First 
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f the combined with use of hard metal 
a for shaft journals has greatly increased the use of this type of lubrication baal 
ae Second is the development of the so-called submersible | pump in which the | 


motor is placed below the pump to which it is directly connected and the entire - 
unit is submerged in the water of the well . The unit is thus close-coupled 
withou ut a — shaft and has the ee that it is noiseless, can | be placed 


commonly used employs a -Inercury seal to keep the water from the 


As The third development i is that of a small, efficient, helical pump to operate 


ae: at speeds not greater than 1,750 Tpm with capacities of 101 to 75 gal per min . % 
wells of 4-in, and 5-in. ‘diameter. _ This has been a field dominated in the past. ag 


Methods of Drive-—In pumping stations, the electric motor drive is “holding 


ts own” rather well, but i increasing thought i is being given to | the use of Diesel — 


engines with step-up gears driving the pump at, say, 1,800 rpm, thereby 
ay rs taining a light and efficient unit. _ The pump and gear are less expensive than = 
nes the larger pump of low speed which would be s suitable to be | direct- 


to the engine. Diesel drive, of ‘course, is very well a adapted to pumping 
into a direct system as it permits easy speed variation to meet demands without — 
z appreciable loss in over-all efficiency or the necessity of costly speed control, 


ley 


as frequent y occurs in the case of the motor ‘units, F In many cases & generator 


ane 


also can be driven by the same engine, thereby producing power for well and — a 
a small booster pumps, station auxiliaries, etc. In stations where the total horse- — 
power is from 100 to 400, and where little or no reservoir capacity exists, it is 
“quite likely that this type of unit will come into more . general | use. 
Motor Mounted Pumps. —In the past few years the small, separate pump 
and motor have been largely replaced by the block-type unit, where the pump _ E. 


case i is mounted on an extension of the motor frame, doing away with | coupling | % 


or pump. bearings. _ These units save space and are “cheaper than the four — 


Water hammer has peotived an increasing amount of attention during the Be 


past decade. In the case of penstocks for hydroelectric power, mathematical — 
_ predictions as to the intensity of ¥ water hammer and provisions for | limiting the 


‘intensity have e been the ule for. many y years; in recent years supply mains and 


pia ‘force. mains are receiving similar attention from well-informed engineers. 
_ Whenever the rate of flow in a pipe changes there is a pressure rise or fall _ 
which } may be large if the alteration in discharge is great. The connection z 


between the change in discharge and pressure rise is somewhat complicated, 


may be explained briefly as follows: 


When, for instance, water is flowing through a valve at t the e end of along | 
pipe connected toa & reservoir and the valve i is } quickly partly « closed, ‘a decrease 


— 

— 
a 
— 

~ 

itm 
— 
— | 
| 
— 

— 
BI 

— 

2 

y 

* 
— ag 

j 
— 4a 
— Bi 

— ressure. 
— 

= | d travels up the re is reflected bac 


‘EERING 


as an equal decrease in pressure reaches the valve; the latte: 


but the 1 rise in ‘pressure is 3 very ‘much less if the time of closure is at least nae 
the time taken for the wave to make its return trip. The rise in pressure is 
independent of the pipe length so long as the closure i is quick enough. 5s oe : 
Cote. For the ordinary gate valve. ona long | pipe, , perhaps 70% of the gate closure é 
_ may be made before the discharge is much affected, and this part of the move- _ 
_ ment may be made very dp uae: but the last 30% of the movement, which is 


or short pipes, gate-valve closure rarely can be made before ‘the 
wave returns to it because of the short time elapsed, and therefore short, or 
< ? = pipes 8 with gate or globe valves are in little danger from water hammer. 
3 _A serious source of trouble, however, and one only recently fully appreciated, 
af may arise in pipe lines supplied by electrically driven centrifugal pumps when ee 
the power supply fails suddenly. Most of these pumping units have very little 
inertia and consequently begin to to slow down almost instantaneously after the 
a driving power ceases; and being unable to maintain the head on the system, 
they cease pumping. Only the momentum of the water ‘in the pipe maintains 
"Se the flow, which continues upward through the pump, the r pressure at the latter 
being practically atmospheric. _ As soon as the energy in the water is spent, 


ie the column begins to reverse, flowing downward through the pump, which fre- 
quently runs backward, and the water “acquires very high velocity unless 


a hindered in some way; it then often happens that the check valve, always used 


on such systems, suddenly closes and there is a corresponding pressure rise 
and shock, which are often surprizingly Ereat . The ordinary check valve is 
capable of closing» very ‘rapidly the flap starts to move downward, and 
short, low-pressure pipes are usually in more danger than larger ones because ‘ 
; ak. the momentum of the water is — and reversal of flow may occur before the 
a check valve has time to move. One case was observed on a sewage pump with 
hy ordinary check valve working against a static head of 56 ft and delivering 3 930 
a ‘ oy 8. gals per min through 338 ft of 20-in. pipe, in which the pressure rise, due a 
eh sudden shutdown, was about 60 Ib per sq in., - and the blow actually shook ~ 
the | pump every time the power ‘failed. 2 In this. case the reversal of flow was 
i quick, but in a pipe several miles long, reversal may require more than 25 sec, 


final part is slow; for a long pipe it is stated that an ordinary check valve, with x r 
ad dashpot to prevent rapid final closure, is effective, particularly if a small, es. 


att open by-pass is made around the valve to prevent the sudden extinction of the 4 
final part of the flow. Such a valve has been developed in Canada. => 


a 

4,000 ft per sec, and are finally extinguish 
—. Fy -_be closed before the return wave reaches it (that is, within 2 see in a pipe ce 
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WATER ENGINEERIN: 

Another cause of sable pow er fadlure i is due to the in 
slope in hydraulic gradient, because after pumping stops the gradient will slope 
—* downward from the reservoir surface to the pump and may easily cut they pipe 
‘axis. Should it fall 34 ft or more uore below this a: axis, there will be a separation of 

; the water column, the two parts traveling at different velocities; and when 

reversal of flow oc oceurs the ‘columns will to-unite and pressure may 


of a proper type of check valve, should prevent trouble.: in a i 
Distribution networks of cities and towns are not usually dangerously 
_ affected by water hammer, | except through some accidental cause, such as 
. sudden closure of a locomotive filling valve or fire stream, or the shutting down wd 
of a pump. In these systems the wave, which starts at the trouble making He 
~ valve, travels into all distribution branches where it changes its rate of travel 
_ and its pressure rise according to the size of pipe in which it noves. Dead ay 
49 ends may be a source of danger, but usually in networks there are enough open is 
branches to damp out the pressure wave before damage is done; theoretical — es 
_ study of these systems offers only as much difficulty as is experienced 4 in the § 
: design of them for proper distribution, and quite good appreximation may be 
arrived at. vq tices ooh ud 
It is now recognized that care should be taken in the type of service sold | 
from a system. Many locomotives draw directly from a fairly long isolated — 
pipe with a quick-closing valve at its outlet, and there is every possibility of ie 
the full flow being stopped before the return wave has reached the valve; 


the that a pipe may break a mile away from the locomotive, if 
a the valve isclosed quicklyenough, 
3 a _ The profession is in need of help from operating engineers who enn furnish 
te et much data from which the present theories can be corrected or checked. The 


< =e following types of information would be most helpful: (a) In cases of pipe burst 
oe oe due to suspected water hammer, what are the sizes and lengths of pipes and 
7” what was the water velocity? (6) Was t there a power interruption at the e pump» Ss 
house? (c) What type of check valve was used? (d) Did the pump reverse, 
fan a and what was the maximum pressure recorded at the station? (e) Are any 
data available ble as: to the parting of the water column at pump cutout in a pipe 
+ line which has a sudden change of gradient? _ (f) What has been the e experience 
4 with cone or other types of special check valves in reducing water hammer? — 
th @) Has any trouble been experienced w with low-head installations, such as those — 
* in which water is being lifted to filter beds; if 80, what has been its nature? . 4 
= What information is available about broken check valves? 
. Reliable Pressure records of water hammer may be obtained by m means 0 


-, but may sometimes be hated to the work if only slightly altered. — 
is if When engineers cooperate by sending, to some central body, details of their 
water hammer experiences, the present: theories = ‘he ch improved 
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hud Mtration of water has been made with 
“the past decade. — New treatments have been introduced, and, although there — 
bas been no material change in the design of water purification plants, there ; oar 
bas been improvement in the operation and maintenance of the plants. The . 7 
se of activated carbon for taste 1 and odor removal, ammonia in connection | with a 
‘dilorin for better sterilization, a acid-treated sodium silicate for improving g.00- 


‘quation, and sodium hexametaphosphate for preventing precipitation of = 


dum carbonate and for corrosion control are the main developments in the 
Tr of water. Effort to maintain filter | beds in good condition and im- 
proved laboratory technique have been the main development in plant opera- = 
fon. T he addition of surface washes to filters and the floceulator type of 


"mixing basin have been the main im improvements in design. 


| Carbon for Taste and Odor Removal. ~The 1 ‘most 
velopment i in the treatment of water has been the use of activated carbon for 

removing: objectionable tastes and odors. Experiments i in 1928 and 1929 in- 
dicated that activated carbon was a practical means of | removing tastes and re 
odors from water, but it was not until 1930 that this material began to be used 


“inth the treatment of public water supplies. The use of carbon i in the powdered — 


form has extended rapidly since that debe,’ and by the end of 1939 it was being een a 
- uped at least part of the time in nearly one thousand water filtration plants. 
‘The ¢ material “was first used sparingly, and, although it produced some i im- 


ere “prov ement in the ¢ quality ‘of the water, the taste and odor were not ciminated - 
i Within the past several years increasing quantities of carbon have | been ee 


: used, ‘and efforts to reduce the taste and odor compounds below. objectionable — 
in concentrations are rapidly becoming the practice in all well-operated purification 


$ plants. There are instances where, for periods of short duration, the amount 2 
of carbon required to give satisf actory elimination of taste and odor has exceeded. es g 


1 ,000 Ib per million gal. This represents a cost between $30 and $40 per million _ 


gall for taste and odor elimination alone. The use of any material i in amounts 
4 that require > such a high expenditure shows the importance placed upon the ae 


_ There are several places where beds of granular, activated carbon have e been ee — 
- installed for passing the filtered water through the beds, but decidedly the g great- or 7 
- est use of activated carbon is in the powdered form. The powder i is added to te a 


the water in in advance of filtration, andi is removed by the filters. Not only was 
mee - the use of activated carbon in water treatment developed in the decade just a, 


ended, but there has been great improvement by t the Manufacturer in. the 


absorptiveness of the carbon. ‘The better grades of carbon are > DOW more than © 
twice as absorptive as s they were when carbon first was used. In addition, the — 
| ‘price of the material has been reduced. — The 2 cost of removing taste and d odor 5 


from water by the u use of activated carbon i is now less than one third the cost 2 
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effectiveness of ammonia in lessening chlorinous taste was established 2 or 
years prior to 1930, , although its extensive use did not start until the 1. No Y 
(1940) a large number of water purification plants use ammonia. 
ae Ammonia lessens the rate at which residual chlorin disappears in the po : 
a and it is possible to maintain residual chlorin throughout practically the e entire 
ee distribution system. Furthermore, it is possible to maintain a higher residual — 
~ ehlorin i in the water than heretofore without producing objectionable chlorinous as 


at ae luorin A frects Teeth.—That certain waters cause defective tooth enamel — 


wi heal well established in 1926, although the substance causing the effect was Pe 


x not then known. In 1931 fluorin was found to be present i in 1 considerable quan- 


tities in several waters where mottled tooth enamel was of frequent covunreliip. 


and was suspected of being | the cause. — Definite ‘proof that fluorin | Was respon 


7 sible soon was s established. Means of removing fluorin from water have been 


ee _ developed although the cost i is still too high to be extended to public supplies 


_ if other sources of water are available at areasonable cost. j= 


_ Silicate Treatment. —The presence of silica i in water was found to have con 


_ siderable influence upon coagulation of the water with aluminum sulfate. 
_ discovery led to the development of a silicate prepared by acid treaties of 
a Nn sodium silicate which will aid the coagulation of water with aluminum sulfate 
and ferrous sulfate. _ Use « of the silicate to aid coagulation is is likely to be ex- 
- tended to a number of water supplies where the water does not coagulate easily 
Softening —Continued progress he has | been made in water softening, although 
there have been no major r developments i in the treatment. A number of plants e 
= using the lime-soda process have been constructed. The use of zeolite fo 


softening municipal ‘supplies has been extended also. The a addition of carbon 
. = dioxide to lime-soda treated water for preventing incrustation of. the sand 


sc grains in the filter Pete and deposit i in the piping distribution system is becoming 


common practice. Recently, sodium hexametaphosphate has been used to 
prevent lime incrustation, and there are indications that this material may e 


eat to considerable extent in water softening plants using the lime-soda 


process. Also it has the possibility of aiding in pipe- corrosion control. 


Flo low through thickly concentrated and agitated sludge to hasten the: soften- 


* i’ ing action, followed by upward flow through a sludge blanket, has been de- — 4 
veloped. as substitute for the usual type of lime-soda softening plant 


devices are known ai as “accelators” “precipitators.” 


has been considerable improvement i in the operation of water puri- 
lana plants: within the past decade. Chief interest has been directed to 

‘maintaining the filter beds in better condition, to good conditioning of the water 
before filtration, and also to improved sterilization of the water. 


Turbidity of Filtered Water. —Accurate measurement of the turbidity. of the 
fi 
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‘ by the pla nts. Instruments have been developed for making 
- low turbidity measurements and, although some of these instruments were de- 
yeloped prior to 1930, very few filtration plants made accurate measurements Ras 
of the turbidity of the filtered water prior to this date. — ie In many plants the ra 
turbidity of the filtered water is maintained below 0.2. 
ee Odor-Threshold Test.—Use of the odor-threshold test as a guide to taste and - 
odor removal treatment has become common practice. _ The water is diluted 


ton odor-free water to the extent that the odor i is just detectable. a, ee aes 


e bacterial quality of water t to be questioned by a few. . As a result, higher chlo- 
rination is being used in many plants. _Prechlorination, used'to a limited extent 

_ prior to 1930, is now (1940) the practice in a number of filtration plants. ‘ The : 
i. superchlorination of water has made little progress, although it ‘received re- 
- newed attention in 1939. High chlorination is used for two purposes—one to 
produce better sterilization of the water, and the other to aid in reducing taste 
and odor. The present indications are that there will be extension of high by, 


prechlorination treatments for these two purposes. sted 


iy Sterilization of New Water Mains.—In some cities it has been the practice ar “a 


for years to sterilize new water mains before placing them in service. Within 


past decade it became common practice i in nearly all cities, The difficulty 


_ in obtaining good bacterial samples from new mains, even after sterilization, _ 


: has been so great in some places that consideration is being given to the use of eee ty 


ms material other than jute for packing the joints. Sterilizing of jute by steam ~ 
seems to be successful in permitting sterilization of mains. abl 10 


7% 


Mizing Basins —The mechanical type of mixing basin is being installed in 

_ nearly all of the new filtration plants. . There has been a drift toward the use 

fe f mechanical mixers of the flocculator type. In some plants there are ~~ 

2 tages of mixing. The first stage is rapid initial mixing, and the second stage - 
is gentle agitation for forming the coagulation into large flocculated particles. an 
a Settling Basins —There has been little chan ge in the general design of ; 
Sailing basins within the past decade. Most of the softening plants have 

basins equipped with continuous sludge-removing equipment. 


story settling basins have been constructed in two or three filtration plants, i Re F 


_ and such basins are included in the design of the new filtration plant for Chicago. — 
i. Local conditions, which made deep basins desirable, was the reason. — There 
Ri was no belief that a two-story basin is superior to the usual type of settling basin. 
2 _ Filters —The design of filters has remained largely the same within the an 

decade, but there has been considerable improvement in some of the parts of 3 

ikon filter. Surface washing systems have been installed in the filters of a 
~ number of filtration plants. The high rate of wash—that i is, a rate to expand © 
the bed about 50%—is ert used in many places. There has been a drift 


toward the use of coarser Sitering. materials and higher rates of filtration. 
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use of coal in the e place of sa: ins for the filter bedi has. 
_ adopted in a few plants. The design of the filter underdrainage systems has “ 


“undergone any material | change, porous-plate filter bottoms a are re 


‘The construction of new filtration plants was almost at a standstill during 
nat the first 3 or 4 years of the depression (1930 to 1933, inclusive). However, — 
aK since then a large number of plants have been constructed; and others are re 
under construction. Many of the older plants have been extended and the 5 


The decisions of the United States Supreme Court are the milestones which yet 
indicate directional trends in valuation practice. Such decisions arise from 7 
Cages brought before the court by the utilities on claims of confiscation under fi 

due process clauses of constitutional amendments IV and XIV. 


ee _ These decisions, although frequently expressing definite opinions on im: 


er portant phases of valuation philosophy, are more frequently only indicative 
=e ——— the court’s position by refusal to disapprove the action of some lower court 


le - Interpretation—involving the personal equation and perhaps requiring more 
knowledge than is -vouchsafed to the run-of-the-mine engineer—is nee. nec- 


a, ‘essary, therefore, and any attempt by an engineer to deduce directional trendy ES 
is more or less foolhardy. The following is offered with the realization of the — : 
limitations of engineers acting alone ¥ without benefit of counsel. 
_ The United States ‘Supreme Court first announced its general theory 0 
that a utility is entitled toa return on the fair of its 
__- property devoted to public service, and that, in determining such fair value, — 
 * aetual cost, reproduction cost, earning capacity, and various other factors are 


itr 


e “all matters for consideration and each to be given such weight as may be just ss 


_ The court has held totl this general principle for more than 40 years, but with a 
out determination of the weight to be given to the various factors jand “not 
without repeated differences of opinion in the court as to their relative import. 
As an example of these differences, Justice Felix Frankfurter, in his minority = 
aa opinion in Driscoll versus: ‘Edison Light and Power Company (28 P. U. R. 
. 8.) 66 April, 1989), wrote: “The decree below was clearly wrong. But 
; ne: in reversing it, the court’s opinion appears to give new vitality - needlessly to 
eee rd As to the determination « t, the U. 8. Supreme Court has not established — 
the relative weights to be given to actual and to reproduction cost. Leading 
. cases foliowing the W orld War of 1914-1918 gave increased importance to i) 
reproduction cost, and in MeCardle versus Water Company’ (272 


the mischievous formula i in fixing utility rates in Smyth- Ames.” oh 
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U.S. 400, 1926) predominant consideration was given this {detor. Since | 1930, 

the tendency appears to be more toward actual cost. Thus, in Los Angeles 5 ary 

- Gas and Electric versus California Railroad Commission (289 U. 8. 287, decided | be 
May, 1933), actual cost is emphasized, and a similar ir broadening of historic cost ct 

i rate-base determination is indicated in Clark’s Ferry Bridge Company v versus | 
Public Service Commission of Pennsylvania (2 P. U. (N. 8.) 225, decided 
- February, 1934), and in Dayton Power and Light Company versus Ohio Public oY 
Utilities Commission (3 P. U. R. S.) 279, decided April, 1934). In 

- minority opinion on Driscoll versus Edison Light and Power Company (supra), 

é Justice Frankfurter commends the practice of the M assachusetts Commission 
of using prudent investment as a yardstick of value. Likewise in McCardle — A 
versus Indianapolis Water Company (38 P. U. R. (N. 8.) 468), Justice Hugo 

Black, dissenting, refers to “imaginary reproduction value.’ These 

references are from minority | opinions but may be significant in view of ati: 

3 rapidly changing personnel ofthe U.S.Supreme Court. 
ie recent practice of public service commissions has indicated a tendency — 
to establish, as of some date, a rate base—whether founded on actual or — 

= 


_ production cost— -and to go forward therefrom on the basis of actual cost. 
e Ie reference to going | value, recent decisions of the U. S. Supreme Court © 
indicate a 4 
value, if allowed, be adequately proved with respect to the particular pr property 
: being arenag: As stated in the Dayton Power and Light Company versus © 
urt 
April 30, "1934, “Going value i is 3 not eomething to be into every y balance 
sheet as a perfunctory addition.” e As stated in the Los Angeles Gas om ne 
tion versus Railroad ‘Commission « of California, “Tt calls for consideration of — a a 7 
the history and circumstances of the particular enterprise. 
__ The reasonable rate of return has been related, in general, to the prevailing _ 


interest r rates. Pr Previous to the World War of 1914-1918, 6.00% was generally 

allowed. Under | postwar ‘conditions between 7.5 and. 8.0% was s considered 

e necessary to avoid confiscation. In the Indianapolis Water Company case ee 
ee) it wae held that “‘the evidence is more than sufficient to sustain a rate 


of 7.0% * * * * and recent decisions support a higher return.” Ih Driscoll 
— Edison Light and Power Company (1939) (supra) a 6. 0% return was bs 4 


brief, ‘decisions of the U. 8. Supreme Court during the | past decade 
_ to point to an increasing recognition of actual cost in the determination of fair a = 
value, a minimizing ¢ of going value as a separate element (except in so far as _- ae a 
is proved i in each case), a downward trend in the rate of return, and, in eon ; 4 4 


7° tendency to grant a wider discretion to the state regulatory commissions ia 
_ The Committee has sought and received the aid =o a number of engineers a 


and specialists not enrolled in its membership and wishes to acknowledge with ote 3 


4 gratitude its indebtedness to the following persons: Prof. Robert W. Angus, : 
for the technical portions of the section on Water Hammer; Frederick 
al sin . Am. Soc. C. E E., for the Dams; W. PL ¥ 
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in the section on earth dams; Frederick ‘H. Fowler, Am. Soe, CB, 


Committee of the Sanitary ‘Engineering Division on 


Committee’s request statistics as to use of ‘improved linings, 


for a very complete article on rock-fill dams which was necessarily condensed 
ie accommodate the available space; Henry Horandt, for much of the data 


used in the: section on meters; and A. Vv. Smith, for the ‘section on the increasing 


a Pump manufacturers supplied information relative to progress in the many- 
facture 0 of their ‘bow nosibal ae 


own lt ear W. W. Brush Tomas H. 


¥¢ 
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RELATION OF THE _SOCI 


ADDRESS AT THE ANNUAL CONVENTION, 
COLORADO, JULY 24,1940. 
JoHN P. HOGAN,’ PRESIDENT, AM. Soc. C. E. 


Address early in the summer, and, after careful editing by the staff, to have it x 
published well in advance of the Annual Conventicn and distributed in pam- * 
-phlet form. ‘The march of of events has been so o rapid i in the past six months that 
Whas seemed to me that such an address would totally disregard the realities ae. 
: gtr us at the moment and those that may confront us in the near = 


It has been customary for the President of the Society | to p repare an | Annual» v 


future. I therefore propo to devote a considerable part of my address to the 


subject in which the engineers of the country ‘are most vitally involved—the _ 
-mbject of National Defense. 
Before proceeding to this vital topic I wish to report on the state of the e 
“Society. rs This can be done in part only by the President, since, .e, like a butterfly, 0 
he flits in s and out yearly, whereas the management is carried on year in and 
- year out by the “members, acting through the Local Sections, the Board of a Ee 
_ Direction, and our hard-working and efficient staff . During the ‘ten years of ee 
_ depression, or partial depression, through which we have passed, the activities — ahs 
of the Society have been greatly increased and decentralized. 
% We have 64 Local Sections, to which all of the members have been laber ee 
é and to whose support the Society contributes nearly $22,000 a year. The — 
_ Board of Direction has delegated to these Local Sections an increasing soit 
re of its authorities and responsibilities as r rapidly as the Local Sections have been 
“organized to assume them, reserving only the right of review and of formulation _ 
; of general policies. _ As a measure of this decentralization Tean state that when si 
Tifirst ea came the Board of Direction in 1922 the meetings of the Board con 
- sumed three days, whereas at the Spring Meeting in 1940 one day was sufficient. nae . 
The Technical Divisions have grown in number, size, and importance. os 
With Civit Engineering as a vehicle, , these Divisions have afforded an opportu- 


te nity for the discussion of many technical topics of current interest, and have 


_ ‘Parsons, Klapp, Brinckerhoff & Douglas, New York, N.Y. 
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Ovi ded more serious discussions and theories for technical proceedings. The 5 
tter, as published in Proceedings and Transactions, have maintained their — 
The Society has reached one of its peaks in membership, totaling today 
= ee (July, 1940) approximately 16,500 in all grades, | of whom about 4,000 are 
ah os Juniors. In addition there are 6,000 members of Student Chapters in-123 § 
technical universities and colleges throughout the country who are affiliated — 
a with the Society. 5 Since there were only about 500 Juniors in 1919, and no 


2s 
opr 
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a i Student Chapters, the accession to interest or membership of more than 9 000 
youths has brought additional problems. 
Mee: The first has been a demand for earlier and more intensive teaching of e thing. 
_ professional relations, and behaviorism. We are working to satisfy this demand, _ 
The second has been the desire of these younger members and affiliates es to 
a on 4 educate themselves so as to be able to present and discuss their problems p pub- 2 
licly.. This is being handled by the Local Sections through the organization 
- of Junior and Student Chapter forums, the presentation of prizes for papers, a 
5 an special provisions for the presence of both groups at meetings. 1 a 
cine g ‘The third has been the increased demand for more welfare service; ths 
ee demand has not been confined to the youth. ~ It is the sense of your Board of — 
CU that this demand should and must be ‘satisfied, insomuch as as it does — 
not interfere with ‘the legal status of the Society. — 
_- The management of the Society is to be congratulated that we have come — 
Rg i. through the depression with our assets unimpaired, our budget balanced, and | 
: & our activities and usefulness increased, but there : are certain red lights ahead, of 
which the principal one is the uncertainty of the times and what they may — a 
bring forth. 7 urthermore, F Past- President Sawyer pointed out to you last year — 
that the Corporate Membership of the Society has been steadily y declining, a and a 
“i that our membership has been maintained only by the greatly increased num- % 
ber of Juniors. rs. Largely through his efforts, membership drives were quietly 
= started in a number of localities. $j ‘These should be continued and extended to 
he’ a Society takes great pride i in the technical achievements of six great 
permanent branches of the government services: The Coast and Geodetic, 
Seas ig the Geological Survey, the Bureau of Public Roads, the Bureau of Reclamation is 
Ne the Corps of Engineers, and the Tennessee Valley Authority, In general, it is = 
a belief that the new or emergency engineering organizations have not b been 2 
“4 particularly competent or efficient. Tam opposed to the creation of more such 4 
_ organizations and in favor of “winding u vik ’ those already existing. as 3 rapidly a8 as 


>. ia “In speaking of National ‘nidietee, a subject much i in the public mind tag, 
the commonest question of the isolationist, or pacifist, is: “Why should any 


one attack us?” Why did they attack Poland, Norway, Holland, Belgium, and my. 


it 


France? In fact there many reasons why they should and will unless 
2 i a we are able to defend ourselves. One answer alone is enough. For the past Be 
two years all the movable wealth of Europe in the fo form of gold, securities, 


diamonds, etc., has been 1 moved into the United States. _ Ships wa into New é. 
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ADDRESS OF PRESIDENT JOHN P. HOGAN 


and a billion and a questers ead 

. Asa people we are prone to sign a check and forget about it. Inthisliberal 
‘and careless | spirit we have just appropriated about 10 billion dollars for at ; 
 pational defense. What have we now, and what will the new money do for us? - 
We have an efficient navy but most of the capital ships are old and slow. ve, _ 
Some replacements may be expected within the next two years, but the capital a Ate Fi 


. ships provided by the present appropriations will not come into a service for ~ 


if our navy is unable to protect us, what have we on shore? We do not — . 


have enough modern armament, ammunition, or high explosives for our present 


small army and National Guard, and we will not begin to produce enough for 
gt about eight months. Proper arms and ammunition for the minimum defensive 
army of 2,000,000 men will probably not be available until the fall of 1942. a 


Ba We still have last hopes in aviation and luck, but neither of these will o 


_ protect us from an economic strangulation through the loss of our foreign oe 
4 trade; we have » already lost the trade of Europe and China. 9 Notwithstanding ey. 


the fact that we are at least a year late, we ‘should, nevertheless, go ahead ie cag es 


4 vigorously to make Sup for our neglect; and the Society, together with the other | a 
ae Founder Societies, , the architects, and contractors, has cooperated since last a 
a February y with the Army and Navy Munitions Board to this end. po oF, ths ie: 

atl ay would like to emphasize the fact that the Construction Advisory Commit- - 


. o tee to the Army and Navy Munitions Board, which has been working for the oe 
a 


- past four months and has actually been commissioned since May 6, is composed 63% 

me entirely of the heads of the various organizations in the industry or their 

BA designees, and is therefore truly representative of the construction industry. 4 
Ta am proud of the fact that five out of the six members of the Committee are 


ay should also like to make it very clear that the Committee has — - 


itself solely to questions of policy and has not attempted a any y selection. did, 
however, initiate the formation of the Committee on of all 
= national engineering s0¢ societies, and the architects, for the purpose of census — ; 
and classification of personnel under the chairmanship of George T. Seabury, <4 


M.Am. Soe. C. E., Secretary of the Society. q 


ad Navy Munitions Board have been: TH 


os this procedure would only result in n confusion and, probably, scandal. pit pay 
To » have | forms of construction for 


To segregate engineering and architectural éohtenets from otinthiietio 
— contracts. ‘ ‘This has been established i in principle i in the army and represen ta- 
tions s have been made to the navy to correct some present difficulties. 
. © To establish the principle that there shall be no competition in fees. — 
This seems to be accepted but situation 
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(6) To establish ‘suitable 
forms. This has been | ‘accomplished i in the a army but still remains ‘unsatisfaes 
> a me _ tory in the navy where the engineer, or architect, may be in the position of a 
To establish the principle of utilizing 


328 and construction contracts to avoid overloading and favoritism. In this con- 
~ nection attention is invited to the practice o of the architects in the ‘Now York 
City Working Development of taking in local associates to assist and share i Ohi. 
work of the principal architects. 
(9) To prevent undue migration of technical and construction personnel — 
either | between different government jobs or between these jobs and normal aad 
construction work already in progress or anticipated. ce 
10) To i insure adequate compensation for engineers and architects under = 
To insure adequate fees for consulting : services. odent 
Council by President Roosevelt, and the doubt in regard to the relation be- . 
tween the tw two committees, it has been necessary for this Committee to work i in ‘3 
confidence. However, i in June of this year W. S. Knudsen appointed William 
‘ aR Harrison, chief engineer of the American Telephone and T Telegraph, as his 
construction adviser, and the latter selected 8. F. Voorhees, M. Am. Soc. C. E 
and past- -president of the American Institute of Architects, asa member of our 
Committee and as his assistant. It is the present intention thgt our Committee Pie: 
; Si will remain as advisory to the Army and Navy Munitions Board, recommend-. 
: a ing on technical matters through it to the Services, and on questions ¢ of policy, 


to the National Advisory Board. 10) oft Ip 


: _ The question of engineering personnel for our armed forces may later 
become of moment should there be an immediate i increase in the army. Dur- 


the last war engineering ‘troops formed about 7% of the army. An im- 
mediate increase to 10% is contemplated in our existing forces. Itis reported 


that in the German a army engineering troops form about 14% 14%. 
I have dwelt on this subject at length because it is , something we have > 


Me neglected too long. This is a familiar spot for the engineer, however, for he is © 

ok often called upon t to do ) immediately 8 something that should have been done a ae 

year before. I am sure the professions y¥ wil Deo to the Hina it of their hte 


TS and published i in the Saturday Evening Post. 
“dita ‘It is the common fate of the indolent to see their rights become a  — 
to the active. The condition upon which God hath given liberty 
man is eternal vigilance; which condition if he break, servitude is 
at once the consequence of his crime and the punishment ‘of his guilt.” et: 
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oF OHARLES DAVID MARX 


CHARLES DAVID Past-President and Hon. M. Am. C. E. 


- Charles David Marx, emeritus professor of civil engineering, after a linger- 
‘ - illness died i in his home i in Palo Alto, Calif., on December 31, 1939. On 


SS j this last day of the decade passed ‘a famed member of Stanford’s “ Old Guard,” , = 


a “Daddy ” Marx—as he was affectionately called even when as a young man 


"he established the Civil Engineering Department at the opening of Stanford — 
University, at Stanford University, Calif,, i in 1891—was born in Toledo, Ohio, 
- on October 10, 1857, the son of Joseph Eugene and Johanna (Pulster) Marx. Pa, a 
His father, who was born in Germany, came to the United States soon after ie 2. 
re troubled year 1848 and was a journalist ‘most of his life, remembered as — 
i, founder of the Ohio Staats-Z eitung (later The Toledo Daily Express). LA 


appointment of President Lincoln during the Civil War, oseph Marx served 


a teacher who throughout a long life served well his community, his state, and a? . Z 


8s American consul in Amsterdam, the Netherlands, from 1863 to 1866. 


In this Dutch city Charles D. Marx spent boyhood years. To sup- 
his private education | in Amsterdam attended public schools 
Toledo for a few years after 1866. his father’s former home- 


place i in Baden, n, Germany, | the youth studied at the Karlsruhe 


which he was gr raduated in in 1876. One of his teammates on, the 


squad at this school was F. Marion Crawford, the writer. 
Pou the fall of 1876 M Mr. Marx entered Cornell University, at It Ithaca, N. p= 
and was awarded the degree of Bachelor | of Civil Engineering, with the class 


of 1878. Abroad once more, as a graduate student at Karlsruhe 


at Karlsruhe, Germany, he was, named an assistant instructor in 
a 
- 1881, and passed the Diploma examination as civ il « engineer in the same year. 


oh _ Back in the United States, the young engineer was employed first by the 
Boston, Hoosac Tunnel and Western Railroad Company, successively as 


levelman, transitman, and assistant: engineer on | their } proposed western | expan- 
sion. He then became an engineer for the federal ‘government on both the _ 
Mi Mississippi and the Missouri River improvement projects, ut until Cornell Uni- — 


ve versity called him to serve as assistant professor from 1884 to 1890. on Sar 


a _ During the summers of his Cornell years he acted as inspector and assistant — 


engineer, and at one time was principal assistant ‘to the ia Emil Kuichling, 2 


Am. Soe. C. E., then city. engineer at 


_ An incident that was to influence his life came when, ‘oily on a train — 


_ 2Memoir prepared by a Committee appointed by the Board of Direction of the Borety, 
a, of John D. Galloway, F. H. Fowler, 8. B. Morris, Leon B. Reynolds, and C. 
Members, Am. Soc. C. BE. bere Stier & 
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to a Cornell in Ithaca, he became David Jor 
me The first president of f Stanford was so impressed by the young man | that, eo 
the University w was is opened in 1891, “ Daddy ” was offered the first 
engineering i 
at the University of Wisconsin, Madison, ‘Wis. having trans- 
ae ferred there the previous year. His name was among the first ten appoint- e 
ments to the Stanford faculty, announced April 8, 1891; and that ‘autumn 
hana he began | a period of service as professor | of civil engineering which was to 9 
; Ry. S last without interruption until his retirement as emeritus professor i in 1923. 
ney One of his earlier contributions: to Stanford welfare was his profe 
advice | in connection with the ‘rebuilding of the. University after the earth- 3 
: other members ‘were William F. Durand and Prof. Charles B. Wing, 
Soc. C. E. From 1917 until his arx served acting 
president during the absences of President 1 ‘Lyman W ilbur. He was 
executive head of the Ci vil Engineering Department, a | member of the 
: _ advisory board and other university committees. 
ee ae _ As early as 1896 Professor Marx x was elected 1 to ‘the board of trustees of the 5 
a= City of Palo Alto. _ Thereafter, except for a break from 1904 to’ 1908, he held 
Be, = _ civie office until 1933, when he resigned from the chairmanship of the Board — 
: ae i Public Works, on which bo board he had held 2 a Position for twenty- -four years. i 
1898 when it was discovered that the ‘city sewerage system installed under 


eS his supervision would not cost the full amount of the bond issue voted for . 


inauguration of municipally- owned water and electric plants. Tt due 


: ts largely to his efforts that Palo Alto was also a pioneer among California cities 


af in the operation « of a municipal gas system ; and through his guidance 9 of a 


Board of Public Works, the Stanford engineer was responsible in a 
degree for the economical development of the city’ 8 public works and utilities. 
Professor Marx was also_ prominent for many years in Palo Alto financial 


eed 


the purpose, ‘Professor Marx proposed that.the remainder be used toward the 


¢ 


wo 


Professor Marx acted as consultant on a number of industrial and govern 


_ mental projects. A list of the important engagements with approximate ~~ 


seen on the foundations of the San Francisco F erry. Boiling. 


‘iia, Bs. Office of Experiment Station, | Wa hi shington, D. . C., as Bulletin No. 100; 


- 1908—author of a report on the project of the Colorado Power and ingen 


A 


19: 04—author of a report on the St. Vrain Power Project, Colorado; 


1908-1907 member, with Wynne Meredith and J ohn D. Galloway, Member, 
"@D! tty: Am. Soc. 0. E., of the Board of Advisory Engineers on the Design of 
pom a Hydraulic Power Plant and Dams of the Stanislaus Power Come 


pany,’ later’ a part ‘of the Pacific Gas an and 
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3 1907—author of a stady of the Buena Vista Pumping Plant of the San a osé 


q 1909- consultant to ‘the Board ‘of Directors of the Monterey ‘Obuiy Water 


 1912—chairman of the first State Water Commission, created on iad’ 23, 
1912, to administer the waters of California, and in this position 
Professor: Marx assisted in framing the Water Laws of tl the state; 4 


912—associated with the late John R. Freeman, Past- President and Hen, 
a _ Am. Soc. O. E., in meking ee: early studies of water supply for the City | : 
consulting engineer to the City of Salinas, Calif., on the valuation of © 


water and gas works owned by the Coast Valleys Gas and 


o1- 1923—consultant to the State of California in the preparation of Bul- 
=. dein) letin No. 5, “Flow in California Streams,” and, in 1929-1931, of _ a 


No. 28, “ “ Aspects: of a Salt Water Barrier on Sacramento 

1923—author of a report to the Board of Directors of Water D 


1995-1926—member and chairman the Board of Engineers, with: G. 
“ a aa Hegardt and Charles T. Leeds, Members, Am. Soe. C. E., of the is 


192¢—member of the Peninsula Water Conference Committee; 

1926—author of a study and report on the sewerage system of Reno, Nev.; 


1997—member of the Board of Consulting Engineers, with F. H. Fowler and aa H 
_ Charles H. Paul, Members, Am. Soc. O. E., of the San Gabriel wane a 
Control Board for the Los Angeles” ‘County Flood Control District; 


192 7—consultant to ‘the San Diego Water ‘Company; int 


- 1928-1929—member, with Mr. Paul, the late A. J. Wiley, 4M. Am. Soe. C. E., 
L. Ransome, geologist, of the Consulting Board to the East 
Bay Municipal District to the causes of the partial failure 


‘1999—member of the Engineering Commission on Sanitation and Drainage 


of the Hoover- Young Commission that ‘finally determined the 
location of the San Francisco- -Oakland Bay Bridge San Fran- 

eiseo Bay; Yo to dul) Bab 

930—adviser to the Public Works Engineering Corporation on the Chenery 

of the San Oakland Bay Bridge ‘Committee 
of the San Francisco Real Estate Board; 


1961—with Co. FL Tolman, geologist, author of a geological and engineering 
report on the proposed dam at El Capitan Damsite No.2 onthe San 


Die River to the ‘Cit of San Die 


1981—member, with Am. Soe. C. E., and John 
Buwalda, of the consulting board on Alterations and Im- 
___ Provements for Enlargement of the Chatsworth (Calif.) Reservoir; me 

Soe. C. Hy Vol. 98 (1988), 1471, 
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1089, 1933-1935—member, with W. L. Huber, and F. C. ‘Members, 
Am. Soe. OC. E., as consultants to the State of California on the Boo 
quet Canyon Dam and the large earth and rockfill San Gabriel Dam 
No.1. In 1932 Professor Marx was appointed Chairman of the Engi- 
neers’ Advisory Board for the Reconstruction Finance Corporation, 
Washington, D. ©. (in this capacity, he passed on such projects as 
the San Francisco-Oakland Bay Bridge, the bridge across the Missis- 
ae ____- sippi River at New Orleans, La., the Colorado River Aqueduct of the ie 
we _ Metropolitan Water District of Southern California, and numerous — a 
Maite 
other projects throughout the United States) ; 


1935—consulting engineer to. the Metropolitan ‘Water District of Southern: 


California on the Design and Construction of the Cajalco Dam. 
Professor Marx contributed several papers to the Transactions of the ters 
ciety including: bey Experiments on the Flow of Water in the Six- Foot Steel 
and Wood Pipe Line of the Pioneer Electric Power Company at Ogden, BS 
h ”5 (with C. B. Wing, and the late Prof. and “ Tdealism 


the: Technische Hochschule in 1926. Professional affiliations | a 

honors include: presidency of the American Society of Civil Engineers (1915) oa 
a Honorary Membership (1927); presidency of the San Francisco Section 
in ae the American Society of Civil Engineers ; presidency of the Pacific Asso- 
a ciation of Consulting Engineers ; presidency of the Joint Council of Engi- vel 

neering § Societies in | San Francisco; membership in the Western Society of _ 
re Engineers, the Wisconsin Academy of Science; charter membership in the 


Society for the Promotion Engineering Education ; and chairmanship ot 


the Arch Dam Commi oundation. From 1926 to — 


1932 he was a member of the of the American Civic Asso- 
ait L ciation. In 1929 he was a member of t the American Committee to the World’s i 
x Engineering Congress i in . Tokyo, Japan apan. Be In 1917 and 1918 he was a member i 
frase of the Executive Committee on World Camp Community Service at Camp Se | 


a = Frémont. In 1920, he was State Chairman of the National Public Works 


Professor Marx belonged to the Theta Delta Chi fraternity. ‘His is clubs 
; included the Commonwealth Club of California (of which he was an honorary od 
member and an early member of its committees on Water Resources and on 
ay Highways), the University Club, Menlo Country Club, and Monterey Penin 


Am. 


“During these many years (at Stanford University) has 
-atl been felt not only by the hundreds of graduates of his own department, 


§ Traneactions, am. Soc. C. E., Vol. XL (1898), p. 471, 
cit., Vol. LXXIX (1915), p. 1829. mA ont, vd 
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? 
but by literally thousands young men, including even those who 
have graduated from rival institutions—it is a graduate of a rival institu- ri 
tion who today presents him. With this record it is little wonder that — 
throughout our country, and particularly through all of our western states, — co 
has come to be affectionately known as ‘Daddy Marx.’” 


1888, Professor Marx married to Harriet Elizabeth of 


Three children, Roland Grotecloss, Dorothy Grotecloss (Mrs. 
oe 


‘ Edward B. Sherwood ), and Alberta (Mrs. Harlan a Granham), | survive him ; Ee 


4 another daughter, Stephanie, died in her . girlhood. Also surviving him are a 4 


Evers Guido “Marx, and two sisters, Mrs. Frederick Will and Mrs. O. ae 


| hs Public recognition of his contributions to the life of t e University and 
the nation was afforded Professor Marx i in his eightieth year when, in March, 
1937, a campus luncheon in his honor was attended by active and ‘ediediitily 
members of the School Engineering faculty. President Ww ilbur presided 
and stated that Professor Marx had bui ta place for himself in ‘the affections — : 
of thousands of Sianford students, and had contributed to the solution of : i eee 
_ national engineering problems at Washington and on the Pacific Coast. - This oe 
occasion was marked by the unveiling of a portrait of Daddy ” Marx painted aoe? 
by Mrs. Winifred Rieber of New York, N. which had been commissioned 


by a group of Stanford in 


: ws sought out by many people from all walks of American life who ei 
the advice that he could ¢ give; and he gave freely and cheerfully of his stor 
He hada keen. sense of the dignity of the homen race. Fellow engineers 


E who accompanied him to China after an international meeting a at Tokyo tell er . 
he refused ride in a jinrikisha because it exemplified inhuman toil. 


Daddy” left behind him a Stanford legend concerning his remarkable 


memory for facts and faces. It is said that after the first day of class work aN 

he could address any of his students by name, and recall personal incidents _ 
when meeting one of his acquaintance after many years, of mind 
only endeared him ‘to students, but formed personal bond of interest 
that made more effective his task as a teacher. His rugged geniality was a 


familiar part of. campus life, and his ‘spontaneous humanity ‘inspired a ready 
response in everyone whoknewhim. 3 3} 


With t the death of of Charles David Marz, one of the last of of the ‘Old Guard, 
asses a phase of Stanford history. The span of his service as a tencher 
pr ised the origin and growth of Stanford University to its present place in 


bo 
the modern world; ‘and not the least among those who were responsible for that ie 
growth was the beloved and dynamic man whom President Wilbur has 
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Am ty of Civil 
Professor Marx was elected a Member of the 
Engineers on October 7, 1896, and an Honorary Member on October 10, 


‘GusTAY -LINDENTHAL, Hon. M. Soc. C. E. oy 

e of f the gifted few among engineers: who by technical genius. combined 


with force o of personality place a lasting i impress on their | art, Gustav Linden- ae 

thal was an acknowledged leader i in the field of bridge construction for half Be 

century. WwW hen he died at the age of 85, on July 31, 1935, long had 
the last remaining link between the ‘present generation of civil eng and 


_ tion of the Centennial Exposition at Philadelphia, Pa., in 1876 to a command- -e 

ing in the development o of modern bridge design during the 18 1880's and 
1890's; ; later to construction of ‘the: Manhattan and Queensboro bridges as "4 
bridge commissioner of the City of New York, N. Y.; and still later to con- 
‘struction and execution of the world- famous Hell Gate arch and the Sciotoville 


continuous bridge. Per rhaps the. most dramatic element of his career ‘was 


® Dominick and Franciska Schmutz Lindenthal. He was educated at Poli- 
# technicum (Dresden, Germany) College and received practical tr training from 
1866 to 1870. He came to the United States in 1874, at a time of depression, 
= was s forced to: turn tc to handicraft for a livelihood, working for some months — 
as a ‘stone-mason on the Memorial Hall at the’ Centennial ‘Exposition, then 
being built. In the course of this work, however, the engineers in charge 


Exposition construction mn recognized his ability a and tra nsferred him to design- 


= and Horticultural Hall, both still standing i in | Fairmount Park. | When Expo 


“sition construction to an end he obtained a ‘position with ‘the Keystone 
Bridge Company of Pittsburgh, Pa., as computer and designer. 
ey. eel 1878 b he was appointed bridge engineer of the e Atlantic- -Great Westert 
2 Railroad s at Cleveland, Ohio. _ Rebuilding many of the early structures of that 

a railway further developed his technical skill, and his association with out-_ 
"standing railway engineers, the late Charles: Latimer? and 
We ellington,? Members, Am. Soe. C. E, chief among ‘them, increased 
f view and deter mination that characterized him thi roughout his life. 
tee In 1881 Mr. Lindenthal took up private engineering practice § in Pittsburgh, #0. : 
and soon found himself in charge of the design and construction of important ‘ 


bridges for railroads and bridge companies. ‘His earliest 1 major r structure = 


» 


prepared by F. H. Frankland and F. BE. Schmitt, Members, Am. Soc. C. 
For memoir, see Proceedings, Am. Soc. C. E., Vol. XV-XVI (1889-90), 137. 
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placing a suspension bridge built by the late J Roebling: M. Soe. 


E Ttw ‘was fas distinguished both by the of i its double- trusses 


bridge construction. He also built the . ‘Kileghetsy River bridge at Seventh 
ed » Pittsburgh, a four- “span continuous suspension bridge with double- 


eyebar chains. Other works were continuous bridges 


heir striking aj ranked once among the leading 

a In the late eighties the desire of the Pennsylvania Railroad to obtai in direct or 
rail entrance into New York City brought Mr. Lindenthal into close contact — ah 
with the late Samuel Rea, Hon. M. Am. Soc. C. E., and with the problems of ‘eee 

bridging the Hudson River and the waters between Long Island and the 
4 Bronx mainland. Pres. George B. Roberts instructed Mr. "Reald to “find the — 
- best bridge engineer you can hire,” and Mr. Rea, who had known of Mr. =o Pes) 
unusual bridge operations in ‘Pittsburgh, called on him to advise the 


‘The plan for a New York entrance first centered around a proposed terminal 
= Washington Square, bu but the cost of such an entrance for the Pennsylvania — J 
q alone appeared excessive. Mr. Lindenthal was commissioned to learn the atti- — | 
— tude of the other railroads on participating in the bridge; the outcome w | was 
the formation in 1890 of the North River Bridge Company, whose incorpo- a 
e. rators included Thomas F. Ryan, financier, and Garrett ve ‘Hobart, later Vice- 
President of the United States. A federal charter was obtained, and i 
company proceeded energetically to develop plans for the bridge. However, 
__ litigation delayed the beginning of field operations, and just as this was suc : 
“cessfully terminated the business depression of 1893 forced indefinite ‘post- 
Although brought toa halt, the > enterprise gave rise ‘toa engi; 
neering investigation. In preparing to pass on the North River Bridge Com. 
_ pany’s application for a permit to build the bridge, the War Department, ,in ; 
1894, appointed a board of engineers to advise concerning the feasibility of 
and two other bridge “projects” also involving spans of unprecedented 
% length—Mr. Lindenthal’s proposed bridge having the unheard-of span length 
iq of 8,100 ft. This board made two reports, the first as to the ron 
E piactiodble for suspension bridges and the other on the length of span most __ 
3 — for a bridge between Fifty-Ninth and Sixty-Ninth | Streets, New York 
City. The first report determined 4,335 ft as the longest practicable : suspen- 
sion span, and the second report stated that a minimum span of 2,000 ft was 
% required at ‘the designated locations and that it was practicable to build a span 
of 8,100 ft as proposed by Mr. Lindenthal. ows Po 


For a decade the Hudson River crossing dormant. F “inally in 
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join, decided on a tunnel entrance to New York. Mr. Lindenthal was 
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Lindenthal did ‘not give up the Hudson River but re- 


me ‘fed nen suit a - proposed two-s -span arch bridge ¢ crossing at Fifty-Seventh Strest. 
_ Meantime, he was enlisted in the solution of other large bridge problems 
Bridge Commissioner of New York City in 1902-1903. Growth 
re - between Long Island and Manhattan demanded two new East River bridges, — 
‘ wells elfare Island), later name anhattan and Queensboro bridges. 
‘offered prime opportunity for bold conception. Mr. Lindenthal first 
a a. planned an 1 eyebar « chain suspension bridge with rocker towers for for the 1 AT0-ft a 
a span of the Manhattan Bridge; in the following administration this design ie 


transformed into a wire-cable design with fixed-base cellular plate columns 


as ) towers, a model for most large suspension bridges of later years. . For the 


shorter spans of the Queensboro Bridge, crossing two separate channels over = 


an island, he designed a double cantilever without suspended spans, of this a 


or probably the first time in American’ bridge history ar an architect 


ee called in to collaborate | on the design of these two structures—because of Mr, 


Lindenthal’s conviction that a major bridge | should be ‘distinguished by | good 
as well as by strength and traffic capacity. 
_ Soon after Mr. Lindenthal’s service as bridge commissioner he was en- 


trusted with the exceptionally important and connecting the 


‘Hartford Railroad in the niatbiaiea! part of the city by a bridge nd vinduet 


Crossing Hell Gate. In general location this connection had been projected 


problem. Mr. Lindenthel was ‘appointed chief engineer of the 
te 4 York Connecting Railroad, and it engaged nearly all his ‘energies for ten 1 Years % 
ae Hell Gate arch was the most notable element of this enterprise. Its span 
of nearly a thousand feet, its four-track deck with ballasted concrete trough . 
“ floor, the unprecedented ¢ size and weight of its members, and above all its strik- _ 


outline, justly made it the best- of its time. 


ae a iidee across the Ohio River to connect its main line with routes to 

‘Cincinnati, Ohio, Columbus, Ohio, and Chicago, Tl. selected site, , a few 
and the requirement of two navigation channels. From 1914 to 191%) , Mr. 

Yindenthal built a a two- o-span structure 1,550 ft long, continuous over a ¢ central 

“ ‘Bier it remains perhaps the boldest continuous bridge in existence. = 
«After t the World War, the desirability of bringing the | New J Jersey me 


3 thward movement of popu- I 
— progressing northwa enanew 
— suit the rapidly ineties, first chosen a 
ity. He had, in the early nineties, fi 
d trade in the city. He had, in lex, still: north, at 
lation and tr treet, and after the World W ar, another ction and ite 
at 23d Street, and a 7 the 
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# ines joined in forming a committee of chief engineers under the chaismenthig 
2 of the late John F. Wallace,® Past- President, Am. Soc, 0. E E., to develop ae 
comprehensive scheme for efficient freight and passenger handling by way of 
Mr. Lindenthal’s projected Fifty-Seventh Street. bs Wallace died in 1921, 
a and the late Francis Lee Stuart,* Past-President, Am. Soe. ©. B. joined in 
the work as and consulting of the Bridge 
Company, 
- was reached on all major elements of the project, and in 1922, when working 
plans were well advanced, application for a permit was made to the War De- _ ee 
. partment by the Bridge Company. ~ Tt was not until 1928 that the e department oo 
: acted, however, and then it rejected the application on the ground of insuf- ; 


g ficient clearance height. ¥ Revised od plans were developed to meet the clearance 


ground that no bridge should be built at the site proposed: Mr. Lindenthal 

"was active in attempting to overcome the objections of the War Department — 
:; to the Fifty-Seventh Street site until his work was taken over, to a great ex- F 
tent, by others a few years before his death, 


he In 1928 he had completed his last major bridge © enterprise, | which was the 


ity’s principal thoroughfares across the Willamette River. These structures 
are among the noteworthy engineering monuments of that city. 
i — It was often said of Mr. Lindenthal during his lifetime, and with vaiea 
4 that he never built two bridges alike. In this fact lies the best expression of a 
his: habit of looking | on each bridge problem a as new and unique, a problem ft ee 


5 whose proper solution could hardly be the same as that of any prior bridge ae ee 
Moreover, he took up each bridge project broadly, seeking first 
a general form that would offer the best solution and g¢ going on to 


ee. Often his. designs required the invention new and he was 
innate love of beauty in engineering went in hand 
ths seeking for the structurally best form. In part it seemed to | spring from 
-* conviction that a form satisfying the eye will also satisfy the demands of | 
strength. In part, however, it reflected an esthetic sense that impelled him aes 
seek the aid of men specially qualified in esthetic design whenever he had to 
deal with an important bridge project. 
4 pig Throu ughout much of his career Mr. Lindenthal was a strong advocate of in: 
ey ebar chains in place of wire cables as ‘main carrying 1 members of suspension ee: 
: bridges. His early 8 success with the Seventh Street Bridge at Pittsburgh gave Pe ay 


him assurance 0 economy of such construction, and 


major wire-cable bridges w: was ‘sufficiently strong. to prevent the wide use o 


4 
vo chains; nevertheless Mr. Lindenthal’s views were a contributing influence in 


has been mentioned. The ‘Precedent of the “Brooklyn, ‘Niagara, and other 
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an Bridge Company 20 years ago. dy 
cur 


4 See nals bridge work was at all times his major preoccupation. 
He found time, however, to deal with other important problems, some of them 


_ later made the subject 1 matter of papers which he presented before engineering 
-—abcieties, while others were embodied only in private  Feports to his clients. 
«Hiss study of the curve-resistance of railway cars and the design a of rocker & side 


bearings to reduce this resistance, “dnd ac a study of an inverted U-rail to ‘replace al 


_ the standard T-rail in order to assure better metallurgy and structure of the 


f 
ie were among his more important investigations. ‘His active mind “also 
carried him outside the field of engineering and he interested him- 

in many scientific and public matters. 

ae at Gustav Lindenthal contributed a number of important papers to the Ameri 

‘Society of Civil Engineers and other engineering organizations, but 
_ throughout his life was too active to ‘find the leisure necessary for writing — 
books. abilities and achievements were recognized by “many distinctions 
. conferred on him in the course of his career, including honorary degrees given 


him by a ‘number of universities. 


a Nature had endowed Mr. Lindenthal with a powerful frame as impressive k 


his forceful and pornonality j ; but although he enjoyed robust health 


he had passed the ag age of 80. He n never sr recpyered fully from ‘their.« effects, and 
a a passed away at his Metuchen home on J uly 31, 1935, in his 86th year. 4i Amore — 
aa Goan memoir is filed, for reference, i in Engineering Societies Library.” 
In 1902 he was married to Gertrude Weil of New York, who died in 1905, : 
te 1910 he was married to Carrie Herndon of Durham, N.C, who ‘survives 


together with a daughter, Franciska Lindenthal. bee 


Mr. ‘Lindenthal ‘was a of the American: 


The life of Henry Alvord was a remarkably full and fruitful one, 


=f 


wiisaaaitiind’ the fact that it fell some sixteen years s short of the allotted three Rs 
years and ten. In ‘this relatively short pan of time, he was able to 


his personality a symmetry and charm af from common. 
FOR! 


family of four children—two s sons and two. daughter 


729 West 39th Street, New York, N.Y. 
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OIR OF HENRY BISSELL ALVORD 
- drew a a rich an and’ eatiafying | enjoyment from his family life and responsibilities, hy 
a which reflected itself in his personal philosophy and manner. = ~~ a 
From | a long line of sturdy forbears reaching back three hundred years 
Alexander Alford (name later changed to Alvord), of County Dorset, England 
(who settled in Northampton, Mass., in 1640), Henry Alvord inherited the | ee 
New England pioneers. father, Henry Clay 
‘New York University in N ew York, N. Y. His mother—née Alice Bissell— 
of Charlemont, Mass., came of a family originally located in Wilmington, Vt. : = 
During the first pastorate. of the Rev. Henry ‘Clay Alvord, at Montague, 
a son was born on March 24, 1885, christened Henry Bissell 
re, “Alvord. When the boy w was but a year old, his father accepted a call to the 
Old South Congregational Church in South W eymouth, Mass., where he 
gerved continuously until his death thirty-three years later, 
Young Henry B. Alvord was educated in the public schools of ee a 
4 Mass., from which he entered the Massachusetts Institute of Technology, at 
ie Cambridge, Mass., to study civil engineering. He was graduated from the 
‘Institute in 1907 but remained for three subsequent years as an assistant in 
the Department of Civil Engineering. During the summer months of the 
latter Period, was employed by the Commonwealth of Massachusetts for 
corners. In: this he showed a very high regard for pr precision ‘and 
- Tacy in his measurements. It was probably through this experience that he 


In the course of these summer ciinvinds he ‘nat and later married a at 

4 Bethlehem, N. H. , Margaret Graham, daughter of John Graham from Lang- 

holm, Scotland, Congregational “minister who held various pastorates 

Following marriage, Mr. Alvord accepted a position as as instructor in 

ast engineering ‘at Bowdoin College, in Brunswick, Me., was made assistant eat 

ee professor the following year, and served continuously in this position until — a 
Aecrubeage when he left the field of teaching to gain further professional ex- ae ve a 
perience. He served first as office assistant and librarian for the Aberthaw 

Construction Company, leaving their employ in March, 1918, to accept an ; 

as chief of party with county engineer in Mass. 


after one year resigned to assistant professor of civil engineering 
at Northeastern University, in 1 Boston, in September, 1920. A year later es | 
hey was made professor of civil engineering and chairman of the department, x 
position which he filled continuously thereafter until his death. 

During nearly two decades in which h he led the Department of Civil Engi- a 

| ee neering, Professor Alvord left the i impress of his personality upon many hun- 


am 
é 
dreds of engineering students. He helped the College of Engineering grow 
from a very small , struggling institution to one thi that was: strong, , sound, 
adequately housed. Throughout his service on the faculty, Professor Alvord 


eager to cooperate with of the staff in improving 


att 
igs 
7 
= 


4 


x a Tie During summer vacation periods he worked on various engineering jobs 


the work of the college: He had a genuine and unflagging in 
activities, as well as in the professional aspects of instruction. Always a Mates 7 
< Bs. of the outdoors, and a particularly capable tennis player, he was able to meet 
‘students on their own ground outside of the classroom. of his special 
hobbies was the planning of inspection trips and expeditions which fae- 
3 ulty and students could mingle in friendly social intercourse. 
ae In the course of his long teaching experienee, Professor Alvord _taug a 
2 most of the subjects that are given in an undergraduate curriculum in civil 
engineering, but for the last decade of his life > he his effort largely 
in the field of engineering ‘structures. ait 
es _ At one time he served the Great Northern Railway Company in full charge = 
ie. of the triangulation su survey for the Cascade Tunnel, and, at another time, he 
- completed a triangulation of the City of North Adams, Mass. In the summer of 
ae _ of 1923-1924 he served as instructor at the Harvard ‘Summer Camp at ae: 
.. He was a member of the American Concrete Institute and served as its 
S. secretary from 1917 to 1920, _ Other technical societies with which he was 


- ggsociated are the Boston | Society of Civil Engineers (of which, at the time 


we 


a of his death, he was a director and faculty advisor of the student chapter at < 
iA. Northeastern University); the Society for the Promotion of Engineering © 
BP Education; and the Massachusetts Federation of Planning Boards, of which 
Bee 4 he was 3 secretary for two ye years s and treasurer at the time of his death. He 


= also served as a member of the Planning Board of the City of Melrose, Mass. E 
As a young man he studied the piano at ‘the New ‘England Conservatory — 
_ of Music under Charles Dennee, and, together with his wife, thoroughly en- 
re joyed a great interest in and d love 4 for music throughout his life. Both Pro- 


fessor ‘and Mrs. Alvord were active members of the Beethoven Club of Mel- 


= rose, of which he was a past-president. He developed (particularly in his 


y later years) a whole- hearted interest in social, ‘political, and economic prob 


Jems, and was active in municipal and church affairs. 


% Professor Alvord is survived by his wife and +a Mar 


(Ors. R. Briggs), John » Graham | G., and Jean Ruth 


ciety of Civil Engineers on I une | 6, 1927, and a Member 0 on August 15, 1908. 


f _ JAMES MACFARLANE ANGLE, M. Am. Soe. C. EA ne 
ees ames Macfarlane Angle was the eldest of four children, two boys and two 
girls, b born to E, J. and Mary Clymer (Macfarlane) Ang gle, He born in 


Memoir by a Committee of Alabama Section composed of J. 
M. Am. Soc. C. E., and H, c. Assoc. M. 
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‘MEMOIR OF JAMES MACFARLANE ANGLE 


owanda, Pa., 15, 1884. As Mr. Angle attended the 
A ie public and high schools of Towanda, later going to Bingham Military School Be 
"4 at Asheville, N. C., for a year. He attended the Virginia Military Institute im 
at Lexington, Va., for two years, and later completed his professional educa- _ 
tion by a 4yr course at The Pennsylvania State College, at State College, 
; Pa., from which he received the degrees of Bachelor of Science in Engineer- 

in in 1910 and Civil Engineer in 1923. 
Almost immediately after graduation he began work in the e engineering 
a: “field. He served the Pennsylvania Steel Company, i in Steelton, | Pa., as drafts- ne 

man until 1911, the U. S. Reclamation | Service on the Flathead Project in 
as rodman: and instrumentman during 1911, the Great Northern 


‘ oped Company in 1 the ‘State of Washington as as chairman and inspector in in 


Be In petty Mr. Angle was employed by the Allegheny 
sylvania) Engineering Office of Pittsburgh, and ‘served as draftsman and i in- 4 
. spector on the construction of bridges. He also assisted in making road and 
bridge locations and plans) until he entered the U. Ss. Army in October, 1917. ni 
_Angle’s services in the U. S. Arm y date ‘from October, 1917, ‘until 
_, April, 1919. s He was commissioned a Fi irst Lieutenant and experienced vari- 
‘ ous phases s of army engineering, such as directing, mapping, and railway con- 
struction with the 45th Engineers; and Company Commander and Personnel 
Adjutant, 545th Engineers. He went overseas with the 545th Engineers in Bo a 


September, 1918, contracted influenza and other a ailments after 


_ corporated, of Pittsburgh ond served as computer on sewer system investiga- 
tion until September, 1920. of TIC 
In November, 1922, he entered the service of the U. S. ‘Bureau of Public 
as Roads a and was connected with this office until his death in October, 1939. 
While v with the Bureau of Public Roads, Mr. Angle c climbed steadily from an 
associate highway bridge engineer to highway bridge engineer and senior — 
highway bridge engineer. His responsibilities increased from checking and 
designing to district bridge engineer, which | covered both designs and con- 
struction for the 8th District of the Bureau of Public Roads. ont ihe ay 
a Mr. Angle’s wide range of experience in n diversified work gave him a well- caaittt 
ey rounded knowledge of the engineering field, and he was considered an author- __ 
Show on movable bridge spans. _ He was also interested in the profession as a ~ 


le 


¢ _ whole, and built up quite a collection of engineering books, which he donated 
4, the Montgomery (Ala.) Engineers’ Club before leaving Montgomery. 
a His retiring disposition won him many close and confidential friends, but 
did ‘not reveal the intellect of the individual to the extent that he deserved. a 

+ Tn addition to his career as an engineer, he was a Mason, a member of the — a be 
Presbyterian ( Church, , gentleman of the highest type, and to the 

_ engineering profession and the community in which he lived. 
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Mr. died at the a sister in Pittsburgh on 30, 

ae ar 1939. He was buried i in . the family cemetery at Towanda, and is survived 6 
his aged mother; a brother, Philip E. Angle; and two sisters, Mrs. Guy | 
Mr. Angle was elected ‘an Associate of the American Society of 
and a Member on July 12, 


William J was born in New York, N. on April 27, 1884, the 
gon of William Robert and Ernestine J. “Ash. He received his cocks education 

re oie. in the public schools, and was graduated from Cooper Union, in New York, in a 
= 2 1909, with the degree of Bachelor of Science. oe. ih 1913, he received the deange 
of Civil Engineer from the same institution. ore 

= From November, 1905, to ) February, | 1907, ™“~ acted as rodman and inspector a 

of construction for the New York Central Railroad ‘Company at Yonkers, 
yy. February, 1907, he a position with the Bureau of Engineers 

at Brighton, N. first as draftsman and designer, and then as assistant 

draftsman. of the construction division, on design ‘and supervision of 

From August, 1914, to November, 19 917, Mr. was with the Public 

Service Commission as assistant engineer. During the latter part of this — ve 


time | he was in charge of field and office work, as assistant to the section es 


various municipal improvements. ‘ot: shad. code 
1 


a9 In November, 1917, he became associated with the Air Nitrates Corpora- 
es tion in New York, first as squad leader on U. S. Nitrate Plant No. 2, at 
neil Shoals, Ala., and then, after J uly, 1918, as assistant engineer of 


on 6. Nitrate Plants: ‘Nos. 3 and 


From December, 1919, to May, 1920, Mr. Ash was with the Central Dy 

stuff and Chemical Company, in Newark, .N. J., as designing engineer in 

3 charge of building alterations, installation of chemical plant equipment, | ete. 

23 He returned to the American Cyanamid Company in May, 1920, ant was s in : 

charge of designs of chemical plant equipment construction. 

rom August, 1921, to October, 1922, he was with M. ‘Shapiro and Sons, 

ate _ in New York, as civil and structural engineer, designing steel buildings and 


foundations, and was also in charge as ‘superintendent on reservoir construe 
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In 1922, he again to the Company, 
- time as chief draftsman in in charge of design of buildings and chemical — 


plant equipment, drawing up specifications, ete. He was with this company 


— 


until his death, with the exception of a period in 1923, when he acted as oe 3 
sulting engineer for the Warner Chemical Company, at Carteret, N. on 
Mr. Ash was a member of Excelsior Lodge, Free and Accepted Masons — 


195, in New Y ork, Modern Woodmen of merica, Conap: 11578 


te him a valued man in 1 directing the important design » work of the Air Nitrates | ia 
_ Corporation, in the construction of the Muscle Shoals plant during the World ee 
War, and his subsequent activities with the parent company. ay 
good humor was characteristic | and his enjoyment of his work con- 
tagious. He was studious and developed himself to cover other fields of 
engineering in addition to the structural work in which was 80 well 


grounded. He had many friends, was always ready to be of service, and his 
a life full of endeavor, accomplishment, and courage, 
a _ Mr. Ash w was elected an Associate Member of f the American Society of Civil 
Engineers « on ovember 25, 1919, and a Member on October 21, 1924. 


CALVIN LEWIS BARTON, M. Am. Soe. 


Paved! Calvin Lewis Barton was born in Little Meadows, Pa., on May 16, 1874, 3 
_ § the son of Lewis William and Caroline (Beebe) Barton. On both the paternal 
we and maternal sides, his ancestors were among the earliest colonial settlers, one 
z=. them being ‘William Bradford, first Governor of the Plymouth (Mass.) 
After his preparatory education at Cazenovia Cazenovia, N. Y., 
3 Mr. Barton entered Cornell University at Ithaca, N. Y., and was graduated, 4 * an 
1899, with the degree of Civil Engineer. During his University years, 
not only participated i in extra-curricular activities, but prepared the tables for — mgs 
ji jae The Transition Curve” by the late Charles Lee Crandall, M. Am. Soc. ©. E. 
_ Later he was active in alumni affairs, especially t those of the Cornell | Society — > 


‘Upon graduation from Cornell, Mr. Barton entered the employ of Nee: 
Rochester Bridge and Tron Works and, upon the formation of 


Bridge Company, worked at their Pencoyd Plant. bee 


1901 he was employed by the late Ira A. Shaler, M. Am E., 


B. wor 


— 
" § He was married on October 19, 1910, to Anna Sheffield, who, with one son, ae 
Se yy _ Mr. Ash was full of energy and enthusiasm. Even at the outset of his a ie 
ie engineering career, he was distinguished by the same qualities that later made . _ a ae 
— 
— 
4 
Aden 
— 
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on the Park tunnel section of the étighhal’ New York subway, a 
remained on this work until ‘its in He was then 


Railroad, "East River and later acted as 
Superintendent f for the Phoenix on the driving of 


In 1906 Mr. Barton joined Leslie Assoc. Am. ‘Soe. C. 


were Pier No. 53 for ‘New! Yo rk, N.Y, a 
2 two of the Stapleton Pier Sheds on Staten Island, New York; Warehouses at 
Wid Fort Monroe and Charlestown Navy Yard; foundations for the Statue of 
Liberty; and bridges ¢ over the Saugatuck River at Westport, Conn., and the — 
ee In 1928 Mr. Barton became associated with the Fressr- Brace Engineering 
Company, Inc., of Montreal, Que. ‘Canada, and New York, in the capacity 
2 BS of Cost Engineer on the New England Power Dam of the 15 Mile Falls rh 
Bs hydro-electric power development near St. Johnsbury, Vt. Upon completion a) 


of this work in 1930, he established a consulting: practice at Norwalk and 


. He was elected Mayor of in 1921 and served two terms. 
Later he served as a member of the Board of Public Safety and was active in 
the affairs of the Young Men’s Christian Association, as as its President 
aa: % teem 1935 to 1938. In 1938 he was selected to serve on the special grand jury - 
which investigated the Schuyler Merritt ‘Parkway land purchases. = 
a ee 4a Mr. Barton was a member of the Sigma Xi and Tau Beta Pi fraternities, 
—. Connecticut Society of Civil Engineers (Director from Fairfield County | 


we one term), St. John’s Lodge, F. and A. M., the Norwalk Country Club, poo: 


Mr. Barton was elected an Associate Member of the American coc 
Civil: Engineers on a April 4, 1906, and Member on May 6, 1914. iat 


anid: ERLE BEGGS, M. Am. Soc. 


aed _ George Erle Beggs was born in Ashland, IIl., on April 23, 1883. His father 
and mother, Charles Edwin Beggs and Emma Beggs, were cousins. Edwin 


os _ +Memoir prepared by Carlton S. Proctor, M. Am. Soc. C. B., Elmer K. Timby, Assoc. 

M. Am. Soc. C. E., Arthur M. Greene, Jr., School of and Professor of Me- 
tae Eng., Princeton Univ., Princeton, ‘N. J., and Kenneth H. Condit, Cons. Editor of 
American Machinist and Product Engineering, Co. New York, N. ¥. 
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Beggs, as he was known 
lands in Illinois and in 1 the Canadian prairie provinces. JA: 

After being graduated from the high 

matriculated at Northwestern University, at Evanston, Ill., and was graduated — ; 

‘. with the Bachelor of Arts degree in 1905. He was elected to Phi Beta Kappa i? 

e at Northwestern. For his engineering education he went to Columbia Uni- 

versity, a at New York, N. Y., where he was graduated with highest honors in 

all engineering in 1910, receiving the Ilig Medal. While at Columbia, Mr Bos “ 


Beggs: was elected to Tau Beta Pi and Sigma Xi fraternities _ During two che 


~ of his summer vacations he served as instructor in field s surveying and geology oe a: 
at the Columbia summer camp near Litchfield, Conn. 
She For two years ¢ after leaving Columbia, Mr. Beggs worked for the American g 
‘Bridge Company as a draftsman and checker of stress sheets: Here he did his — 
4 first analysis of stresses in indeterminate structures in which field he was 
destined to earn distinction. He calculated the erection stresses and deflec- ie, 
tions of the Bessemer and Lake Erie Railroad bridge, a double-track, indeter- x 
minate structure 2 000 f ft long, continuous over 1 three spans, and costing alld 
$1,000,000. He also made the design calculations for the Quachee Railway 
Bea About this time Union ‘College ci alled on the American Bridge ‘Company a 
- for temporary aid in the conduct of courses in kinematics, theoretical me- 
chanics, and surveying, and Mr. Beggs was assigned to the task. Later, he = im 
spent four months with Falk and Hager of New York City, aaa 
“Beers, on the design of steel frame buildings, and six months on the Lehigh 
‘Valley Railroad valuation survey. He then n accepted a position as chief engi- os a 
-neer of the Phosphate Mining Company near Lakeland, Fla., and ee 
two years with that organization on design and construction work. ee ee i 
In 1914 Mr. Beggs was called to Princeton University, at Princeton, N. J., 
to teach applied mechanics, advanced struictures, and mechanics of materials. 
He was made an assistant professor of civil | engineering in 1915, associate 


- professor i in 1921, and professor i in 1930. In 1921 he became Secretary | of the 


School of Engineering, and was appointed chairman of the Department of — 


Professor Beggs’ ‘special interest was i in the field of struc 


ch structures by means of elastic scale models and the Beg: 
; Gauge on which he obtained a patent. He was also granted a a ypallilodl a ae 
_ slide-rule bomb sight for airplanes during the World War, and on a pressure 42 


After developing the method of analyzing - models of structures which could | 


Z be deformed i in two dimensions, Professor Beges proceeded to apply his meth- i 
ods to three-dimensional analysis, first to to : a model of a skew concrete arch and a 
then to a model of a ‘concrete | arched dam. ‘The investigation of the latter A i: 
structure, which was a model of the experimental Stevenson Creek Concrete 
ar, gave valuable conclusions regarding deflections which were not ord 


by the experimental dam because of lack of uniformity in the concret 
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tance. experiment 

_ Another pioneering job was the application of model tests in providing the 
_ influence lines for the design of the foundations for the ‘Albany: (N. Y. ) Bal 


a os the Vierendeel truss for the distribution of structural loads through a thin 
ae R ‘slab after excavation of soil materials approximating the weight of the strue 
= _ ture to be supported. Although an enormous amount of work on such treat- 
> te. ment of foundations has been done since this job, the Albany Telephone Build- 
sing still stands as a model for foundation treatment of soft and relatively un 
residual clay deposits, and the description of this job together 
with the important part played by Professor Beggs in his model analyses. of ‘y Sa 
thoroughly. indeterminate been translated into every modern 
{ Next came the analysis of the stresses in members of suspension bridges — 
fen it ja by the model method. The first check analysis on the model of an existing oe 
ae mi bridge on which an intricate mathematical analysis hs had been made ee 
oe fees: which turned out to be the result of an error in the ‘mathematics, 


bridge for the California Department of Highways. 


‘ste _ Somewhat later Professor Beggs was retained to make a model analysis of — 3 
the towers for the Golden Gate Bridge. Entirely new principles of design h had 
developed for these towers. soundness of these principles was demon- 


ld or the United States eth: ‘The model used was a stainless steel type e model Ke 
u 
i a floating structure with a maximum dimension of more than 1, 000 ft. ce In 
"addition to the foregoing investigations, Professor - Beggs was frequently con- sy 
sulted by. ‘engineers, architects, and manufacturers on structural problems. 
hh the years 1923, 1926, and 1934, Professor Beggs traveled widely in Eu- 
_ Tope investigating engineering projects and visiting t technical schools. Tee 
‘ a tures on his method of analyzing indeterminate structures were given beforea _ 
“a conference of the Academy of Sciences in Zurich, Switzerland, in Paris, ‘: 
France, and before engineering conferences in| other continental cities. ral 
i ~ Professor Beggs was a consultant on the design of ‘the Goodyear- Zeppelin 


3 


- hangar at Akron, Ohio, with special reference to laying out the program for 
deflections and stresses to allow for expansion and contraction of the 


a fe He investigated the failure of the Hackensack Bridge and was ‘special con- 
sultant for the Raritan River Bridge. He also assisted the Taylor ‘Wharton 
Tron Stel Company in high tensile ‘steel for track 
‘Two in addition to the ‘Tihig Medal, were awarded Profesor 
Beggs for his research ‘Wason Medal, by the American Con- 


not included in the mathematica was similar to that from the dam, 
istribution in general was simil tee 
tions. The stress distribution: in, general 
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“erete Institute, i in 1922; and the Howard N. Potts Medal, by the Franklin In A 

stitute, in ‘Philadelphia, Pa., in 1927. He was the author of the following 

technical books 2 and articles: “ Live Load Stresses i in Railway Bridges,” later 


translated into Spanish; “ “Mechanical Solution of Indeterminate e Structures,” 


American Concrete Institute, later translated into F rench, German, 


and Rassion; 


= 


4 Oakland ; “Skew Arch Measured by the 
o rocal Method,” Engineering News-Record; = ‘Suspension Bridge Stresses De- 


ely the course of his professional career Professor Beggs was active in the __ e ¥ 


Bs work of the ‘Society, serving as member and chairman of several important — 


q of Consulting Engineers, and chairman of the Engineering Foundation. _ a Re 


Professor Beggs entered generously into the social life of the Princeton ‘fo 


PLY a 


‘ulty and of the town: community, and he contributed his aid freely to many BS 
worthy causes. The minutes of the Princeton faculty regarding his death oe 


read: “Not only Princeton University but the Borough of Princeton as well 
: 4 will long remember his kindly life and service extending over a quarter of = 


Professor Beggs was married to Frances Ingalls of New York in 11912. 


He is survived by his widow and their only child, George Erle Beggs, Jr. ¥ bias 


—_— Beggs was elected a Junior of the American Society of Civil a 
on October 8, 1911; an Associate Member on September 2, 1914; 


a Member on April 16, 1923. 


a JAMES C. BELL, Am. Soe. 


inn James ©. Bell was born in Albany, N. xX. on November 24, 1883, the son 

_ of the late James C. Bell, M. Am. Soe, 0. E., -and Anna (Talcott) Bell. His 

x paternal grandmother was of the Pruyn family of _ Albany, and his father 
was of the Bell family who aus in business i in Newport, R. L, in 1768. His 
father was also a civil engineer and was graduated from_ Union College, 


Mr. - Bell attended the old Albany High | School nd 
eee ® at Troy, N. Y., where he was graduated in 1906 with the degree of 
Civil Engineer. He was a of xi the Rensselaer Society 


Civil Engineers.» 


* 


: “committees. — He was also a member of the council of the American Institute oe ag 


and 1 Rensselaer Polytechnic 
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«Transactions, Am. Soc. C. B., Vol. 88 (1925), p. 1208. if 


“During summer in until J 1908, “Jim” 
r “Tinkle,” as he was known to his many friends, worked his way _ p fed” 
to chainman, rodman, and instrumentman in charge of construction 
of survey parties with the State Engineer’s Department, ‘Division. of 
ed _ From J anuary, 1908, until September, 1 1918, he worked up from assistant 
engineer to resident engineer on many dams, locks, bridges, hydraulic sur- 4: 
veys, and. designs of the Barge Canal Division of the state engineer’s office.  : 
Some of the were: Dam No. 2 N. Yas Dam ‘No. 4 


"Mohawk River at rom n September, 1918, to Ja anuary, 1924, Jin im 


with his assistants ond contractors labored most earnestly to produce the 


Freak M. ‘Williams? 1 M. Am. Soe. 0.E., state engineer. ] He held this position 


until Js anuary, 1926, when, for a month, he acted as consultant on claim work _ - 


rom February, 1926, until June, 1939, he was construction engineer er for 
: the Board of Education of 4 N. Y., and was in charge of field super- 
vision of the construction of “many school buildings, the most 


being Charlotte High School and J ohn Marshall High School. 


4 


a few words ; one who i is a welcome fi friend at t any gathering; one ‘whom all 
trust and respect and who is so genuinely loyal that he can be rated as a 
man among men; a man who likes his work well enough to do it thoroughly are 
, and who never tires of it enough to spoil his ambition to learn to do it better a 
ian each time; a man who loves his family genuinely : and his neighbor well enough ag. 
= to be every-ready with a \ helping hand and the kind word ; and one who has | eee 

ora _ true sense of humor, wit, and the gentlemanly instinct to use it properly so ‘that a 
2 he is envied and loved by all. All of these qualities and more were po : 
by Jim Bell, as all affectionately called him. ce When he passed on, although it 


felt that he had g gone e toa just and well- -earned reward, “every one felt 


‘a Re the world could il spare him, that the world needed more like him, and that ‘ 


te the profession of. engineering had really gained by his 1 membership ‘and recor Re. 
James C. Bell was married to Jane Davidson on September 3, 1908. Heis 
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i Me. Bell was elected an Associate Member of the American Society. of Civ 


Engineers on ‘April 7, 1915, and a Member on October 10, 1927. 7 


JOHN: GEORGE BLOOM, M. Am, Seo oc. C 


Dip Marcu 28, 1940 


Bloom was born on November 25, 25, 1867, at Xenia, 
was graduated from the Ohio State University, ¢ at Columbus, Ohio, with sal 
F _ His first engineering work began in J uly, 1889, as assistant engineer a h 
the Pennsylvania Railroad Company. ¥ From October, 1889, to March, 1890, , 
he serv: ed as draftsman with the city engineer of Bucyrus, Ohio, making maps Cote : 
of cities in Ohio and the Indiana gas fields. The next two months he spent 
Sich, the Hocking Coal and Iron Company at Buchtel, Ohio, as draftsman and 3 ; 
 4nstrumentman. Until October, 1890, he was assistant engineer with the 
Kenova Land Association laying ot grading and meking 
‘The following - year Mr. Bloom joined the N orfolk and Western Railway 4 
- Company as assistant “supervisor and assistant to the division engineer, East- 


Division, Crewe, Va. Then he returned to his’ home town as assistant 
gern and in April, 1892, he entered the service of the Baltimore a ‘ 
Southwestern Railroad Company at Cincinnati, Ohio, as draftsman. 
. ih November, 1893, he was promoted to assistant engineer, in charge of fico 

* and field work, and two years later he w: was promoted to division engineer, | ae 
"Springfield Division, in Flora, Ill., in charge of maintenance of way a 

structures. In June, 1896, Mr. Bloom was appointed principal assistant engi-— 
ee 4 neer of the entire system, in charge of office and field work, design, revision ae 
te grades, and new construction; and in February, 1900, he was division 

_ engineer of the Qhio : Division, at Chillicothe, Ohio, in charge of maintenance — 
; of way and structures. _ He remained in this position until April, 1892, when 
4 he became division engineer, Newcastle Divi Division, » of the Baltimore sets Ohio — 


a 


x 


Bloom entered the service of the Rock Island Pacific 
Railway Company i in June, 1903, as principal assistant engineer of the South- 
western District, at Chicago, Ill., and Top eka, Kans, i in charge | of maintenance 
and construction. In July, 1905, he was appointed engineer in charge of a “i 
Ff maintenance and construction of the Southwestern and Choctaw districts and ede rg 4 
= the » St. Louis, Colorado and Kansas City Railroad, a . subsidiary at Topeka. ia 
From J anuary, 1909, to August, 1912, he served as president of the Southern 


Ballast Company, at Mill Creek, Okla. 


‘Memoir prepared by L. Friteh, M.Am.S0.C.B 
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August, 1912, to December, 1918—superintendent of construction of the 
John F. Stevens Construction Company on Salmon River Dam and 
1913, to October, 1914—with Grace Construction Company on 
4 double track work on Illinois Central Railroad at Dyersburg, Tenn. 
October, 1914, to June, 1916—valuation work for the Chicago, Rock 


and Pacific Railway Company.” 


une, 1916, to August, of the Chicago, Rock 


ic 

of Way Department, 

“of the entire system of the Rock Island and Pacific Railway 


Resigning voluntarily on ebruary 1, , 1929, Mr. Bloom retired from 

The writer’s acquaintance and ‘friendshin extended’ over almost the 


period of service enumerated previously. The most outstanding | character- 


Bes istic of John George Bloom was his thoroughness, accuracy in his work, and 
ze _ dependability. - He was modest and unassuming, but most kind and affable, — 


and endeared himself tc to all who came in ¢ contact with him. 
ay ey During the forty years of active railroad service he rendered valuable and a 


av < pioneering service on some of the most prominent railroads of the country. 
_ From his large experience 1 in railroad engineering he contributed much to pg 


7 


4 
a 


a and did most valuable work in this industry when it was in its infancy. — A 


He spent his retirement years sin Pasadena, where he built a fine 
enjoyed his: well-earned leisure with his beloved wife. He left. no chil: 


ae dren, and his nearest relative is a niece, Edna Bloom. | He Ties at rest beside cgi: 


ait his wife in the beautiful Forest Lawn em Cemetery at Los Angeles, 
Mr. Bloom was a Scottish Rite Mason. sit” pad 


a Mr. Bloom was elected a Member of the American Society of Civil = ee 


ae 


NORMAN FREED BROWN, M. Am. Soc. 
wi 


Freed was born at Coudersport, Pa., on March 20, 1878, 


of Thomas Benton and Mary (Housekeeper) Brown, 


Covell, M. Am. Chairman, and the and the late M. 


Memoir by a Committee of the Pittsburgh Section composed of Vernon RB. 
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i as His technical training was obtained at the University of Pennsylvania, at 
2 = Philadelphia, Pa., and the Carnegie Institute of Technology, at Pitts- : a 3 
burgh, Pa., where he took special work. heortradl elu “4 a 


He began his « engineering career with the Pennsylvania Railroad Com- 
- pany on January 3, 1898, as a rodman and was promoted through the various soe % 


ae grades to the position of assistant engineer r of construction. As such he was x hg. oy 

engaged in railroad construction in western Pennsylvania, especially in Pitts- a 

eT - burgh and vicinity. © Among the projects of which he was in charge were the Le 

, q Brilliant Branch or | “ Cut-Off”; erection of the Port Perry Bridge over the i= 


‘Monongahela River; construction of the Duquesne (Pa.) Elevated Railroad 

along the Allegheny River, including warehouses and delivery yard; ne: : 
Liberty, Pa., and Swissvale, Pa., passenger ‘stations, each requiring change of 
street grades; and the Pitcairn, Pa., east-bound classification yard. 83S a 
Mr. ‘Wed’ ‘a leave of absence o on January 31, 1918, and was 
‘commissioned in the of Major in Reserve Corps of Engineers, J 
uary 24, 1918. 
from February, 1918, to 1919, attached to ‘the staff of ‘the late 

- Gen. W. W. Atterbury,? M. Am. Soc. C. E., who was Director General of the <a 
American 1 Army Transportation Corps. While serving with General Atter- 


ke Major Brown assisted | in the planning and developing of numerous *: 


a 


3 transportation installations and facilities, particularly « on the railroads ‘utilized 
e* 


as the first ‘line ‘of communication. He ‘made an extensive study 


French railroad system with regard to traffic density and capacities for the 
development of the second line of ec communication a and the future development 


4 of the third and fourth lines of communication to be used by the United uh a 

States Army as planned for the peak of combatant troops in action for the a ie - 
lanned spring drive of 1919. This study terminated with the signing 
the Armistice; however, a Sotaplete arrangement had been entered into 
= the French military services and many plans had been developed for the 
required facilities for American train. ‘Gperation Following the signing g of 
the Armistice, Major Brown was assigned to the Inter- Allied Railways Com- 


‘mission, formed under Article T of the terms of the Armistice, and by thie a 

commission he was delegated as the American representative of the 
- mission for the reception of German railway equipment with headquarters at os 

Metz, ‘France, a and receiving stations at Coblenz and Cologne, in Germany, 
where the railway equipment was s delivered, inspected, accepted, and shipped Mee 

a toF rance, in accordance with the terms of the Armistice agreement. — ~Hev was 4 


honorably discharged from the U, S. . Army | on March 1, , 1919, and he ‘returned 


the service of Pennsylvania Railroad Company on April 1, 1919, 


March 1920, Major Brown was to the chief engi- 
neer. During this period he was engaged in adjusting 


the federal government and the railroad | corporation, at, 
On April 1, 1921, he was again granted a leave of absence and was 


4 
director of the Department of Public Works of Pittsburgh. During a 


rey 


ey 


; 
— 

— 
ae 


x. 

. 

a or started: Beechwood Boulevard Bridge; Center Avenue Bridge 
over the Pennsylvania Railroad; Island Avenue Bridge over the tracks of 
the Pittsburgh, Fort Wayne and Chicago Railway; and Boulevard of Allies 4 
along the Monongahela River, leading from downtown Pittsburgh to the Onk. 
district, requiring heavy hillside construction and steel viaduct: work, 
, = On January 1, 1922, he resigned as director and. was elected vice-president a 
“i of the Dravo Corporation, where he had charge of the development and secur- 3 
ing of n new business in heavy bridge and river work. On May 31, 1923, he : 
organized the company of Brown and Reppert, consulting engineers. _ ue 
Major Brown was chosen by the county commissioners as director of the 
on. * 1924. He organized this department by combining existing construction fs 

units and forming new ones. During the eight years that he held the posi- 
ae bs, tion, he had charge of ‘the most extensive construction program in n the bio 5 


including ‘the George W Brides, which has ‘the 


span, reinforced- ‘concrete arch in the Americas; ‘the Allegheny River ond 
Ohio River boulevards, each leading from Pittsburgh to suburban sections; x 
construction or reconstruction of more than 300 miles of county roads ; Arm- ‘= 

strong highway tunnel; the County Airport; and County Office Building 

‘During this period he had developed and patented a reinforced- comerete 
= tie. On November 15, 1931, he resigned as director in order to devote Be 


“his time to the further development and promotion of the conerete tie, which 


been. tested i in n actual service in a number of localities. 


Major Brown was a great organizer and had the faculty of inspiring in- 


fe activity and loyalty on the part of those whom he directed. i the 
On April 4, 1906, he was married to Hattie Hoobler who survives him. 
surviving are two daughters, Mary (Mrs. , Sydney W. Binns) a and 


Bell (Mrs. Thomas E. Diehl). 
2 _ Major Brown was elected an of the Society of 
Civil Engineers on une 5, 1907, and a ‘Member on 30, 1900. 


» 


~ 


| EVERETT N. BRYAN, M. Am. Soc. 


Everett N. Bryan was born in Montezuma, Poweshiek County, Towa, 0 
He to "California with his parents in 1887, received his in 
ee _ the public schools of that state, and was graduated in 1907 from the Uni- ms 
41 Memoir pre’ pared a Committee of the Sacramento Section “Walter 


u” Byatt, M. Am. as Chairman, and Mark S. Edson and Walter Stodda 
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3 "Railroad Company on railroad location in Nevada. He entered the employ 
4 of H. D, H. D. Hanford, consulting engineer of Seattle, Wash., i in 1909, and for ee 


was ‘engaged in engineering work that involved irrigation and hydro- : 
3 electric power developments in eastern Washington. In 1910 Mr . Bryan Be 
returned to California and until 19 1921 was actively engaged with irrigation ' 
construction a and operation. During four y years of this period he was chief ; 
engineer of the Waterford Irrigation District, “ashi 
.. Following a period of nearly a year of private practice in San Francisco, — 
Calif, he ‘accepted a position with the State Water Commission, State of 
California, on July 1, 1921. The Water Commission Act had been put ae 
ea some years before, bu Sad “because of the shortage of engineers during the 
- ae War period, the work of the Commission had not been standardized. a 
| Mr. Bryan immediately took a leading part in perfecting the procedure = Me 
put into effect, supervising the initiation perfection of 
water rights in accordance with the Water Soutien Act. As a result of ee. 
his wide experience in irrigation and hydroelectric engineering practice, and aS: 
his activity in the Division of Water Resources, which succeeded to the duties 
a the State Water Commission, he became one of the most eminent engi- a 
j neering authorities on water rights in California. | At the time of his death =. * 
he was the supervising 1g hydraulic engineer of the Division of Water Resources. 
_ As engineering was his profession, so also was it his avocation. He — 
keenly interested in everything affecting his work and ever strived to uphold » 
the high standards” of the profession. — Among mar many papers which he alll 
3 tributed to leading engineering periodicals on various phases of engineering, 
4 _ perhaps the o: one which received the highest recognition was | that on “ Hydro- 
Electric Power as a By-Product of Agricultural Published in q 


te 


“46 


3 Me ee took a a leading part in n drafting the proposed ‘act and, a as a a mark of a: 
: respect, received Certificate of Registration No. 4 under the act, the members ‘ a ; 


of the first Board of Registration having been assigned the first three ae 


_ Mr. Bryan was active in the formation of the Sacramento Section of the : 


Society, was a charter member of this organization, was its fifth president, 

and served on many of its committees. He labored earnestly and effectively 
a for the best interests of the Section and was one of its acknowledged leaders. Bhs 
Lala he was President of the Section, Mr. Bryan, and the committee 

- appointed by him, was” instrumental in naming ‘the reservoir on the Merced Ws 
coo formed by the Merced-Exchequer Dam of the Merced Irrigation Dis- et a: — 
trict, Lake McClure i in honor and i in memory of the late Wilbur F.  McClure,® ‘(ia > 
M. Am. Soc. O. E., state e engineer or of California from 1912 to 1925. 


? Transactions, Am. Soc. C. E., Vol. 88 (1925), p. 910. 
loc. cit., Vol. 91 p. 1106. 
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& Member OF the Sacramento Water Uol Ssion wie 
: : water supply for the City of Sacramento, Calif. He also served on other fe he en 
Civic committees, giving freely of his time and counsel. 
A 

= 


initiated for the erection of a monument on the park fronting ‘the Southall 

Paeifie Railroad station, at Sacramento, to the memory of the late Theos 

Judah,t M. Am. Soc. ©. Ey first chief engineer of the Central Pacific 
Railway Company. The monument was later constructed. by the employees 

aa of the Southern Pacific Railroad Company. If it had not been for the ac 


later years,’ Mr. Bryan interest. in “the: 
ee ‘mapping ‘program sponsored by the Section and in the activities of the See 

a bal tion’s committee on engineering salaries. He served continuously as chair 
ae man of the latter committee from 1936 until hisdeath, 


‘Bryan was a member of Sacramento Lodge No. 40, Free and 
i fet: Masons of the State of California, and a member of the Sutter Club of | e 


He had a gift of personal charm and affability, was a conscientious worker, 

- Joyal to principle, a faithful public servant, and a loyal friend. _ Piers 

He was married i in Berkeley, on March 25, 1911, to Gladyes Huber Trumbo 
of Berkeley. He is survived by his widow and his son, Everett mom 
* A sister, Myrtle, and five brothers, Ross, Claude, Ellis, J: asper, and Homer — 
Mr. Bryan was elected an Associate Member of the American Society of 
Civil Engineers on November 3, 1915, and a Member on July 7, 1925. % 


WALTER CARL BUETOW, M. Am. Soe. C. 


— 


- friends and acquaintances. _ He was a man of outstanding personality and 
character, true in his friendships, and one who always endeavored to see the — 
all persons. For these characteristics he was loved and greatly | 
spected, not only in social life, but also” in _ business life. He possessed 


from the University of Wisconsin, at Madison, Wis., in 1908. 


ite) First he served as a design and construction aiaghaiiin'> with various firms for 
= approximately three years. Then, when the State of Wisconsin organized a B 
ee _ Highway Department, he entered its employ as bridge designer. Service with — 


_ For memoir, see Transactions, Am. Soc. C. E., Vol. XXXVIII, December, 1897, p. 448. 


Memoir prepared by Gordon F. Daggett, M. . Am. Soe. Cc. mA. 
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‘position of chief en engineer for three years. | He served with the Stein yore aaa 
struction Company, bridge builders, for four years as chief engineer, during = 
ery period he constructed one of the largest and longest | “ causeway ” struc- 
tures in Florida. of sito edi at 2098 anf 
od. His hobby was his profession—namely, bridge | design—and the highways 
of Wisconsin have many lasting examples of his work and beautiful layouts ih: 
which combined art with scientific design. te 
At the time of his death he was in the employ of the City of Milwaukee 
a which city he designed the Cherry Street Bridge, and was in charge of 


Buctow. was married to Marie Endron, of Evansville, 
vives him, together with his mother, and a sister, Wonda Buetow. 
One of his intimate friends recently described his death as having taken 


real man and wonderful engineer from our apart ininteubine 


th agitilioet dsob edt tote) baa old 


pe Ralph Howe Cady, the son of George Alonso Cady and Clara (Cline) ai 


family a1 ancestors England in seventeenth # 
century and a branch of the family later migrated to Michigan. . Mr. Cady 
- was educated in the public schools in Sault Ste. Marie and studied at the i oe 
| Universit of Michigan, at Ann Arbor, Mich., in the class of 1916. In 1918 f 
- he received the degree of Bachelor of Science in Civil Engineering from the ‘- 
University of Michigan. He was a member of Sigma Xi and Tau Beta Pi a 
% ‘i During 1916-1917 Mr. Cady acted as engineering , assistant for the Michi 
5 gan Northern Power Company of Sault Ste. Marie, inspecting pneumatic cais- 
son foundations, ‘investigating compensation works and probi lems in connec- 


tion with the control of Lake Superior water levels, canal gaging, and other 4 
work. _ From July, 1918, to J anuary, 1919, he was with the U. S. Army Engi- ) ae 3 
neering Section Sanitary Corps, as Sergeant, First Class, on waste disposal 
Ps experimentation, and later as Second Lieutenant in charge of water supply at a 
Payne Field, West Point, Miss. He was honorably discharged in 1919. 
a He was associated with Hoad, Decker and Drury, Consulting Engineers 
of Ann | Arbor, from February, 1919, to July, 1920, first as assistant engineer 


on field work and design of water supply and sewage ‘plants for Highland 


Assoc. M.Am.Soc.C.B. 
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*Memoir prepared by B. 8, Skillin 


Owosso, Muskegon, Muskegon Heights, Ann ‘Arbor, Plymouth, 

Mich. ; and then as designing engineer, which position he held for six months, 
_ Mr. Cady joined the organization of the Frederick ‘Snare Corporation, 
Engineers and Contractors, New York, in J uly, 1920. After a few months in 

; x Boe the main office he was sent to the office in Havana, Cuba. Until 1924 he was 

: = engineer on design and construction, and from then until 1927, he 

acted as engineer and assistant manager of the Havana office. During that 

period a number of important projects were developed and constructed, notably 
the complete steamship terminal for the Ward Line Steamship Company, iil con- 
sisting of a large concrete pier, concrete and steel warehouses, wharves, and — is 
more than $3,000,000. While in Cuba he had charge 
oF assisted with the engineering work on, many other projects in various parts. > 
ae of the island which required investigation, reports, designs, estimates, and the aN 


actual construction, of bridges, water supply, power houses, sugar mills, an : 
ade 


= _ Following his transfer to the miain office of this company Mr. Cady m 
a a complete technical, commercial, and financial report with preliminary plans = 
oll and estimates for a . proposed ocean and river terminal for the City of Barran- — 
Saas quilla, Colombia, S. A., approximating $5,000,000. He made a similar report 
on 1 the port of of Callao, Peru, for the ‘Peruvian Government, “consisting | of a 


72 connection, and the problems involved in the construction of a sheltered harbor . 
_ ie building rock breakwaters, dredging, ete., , costing in all more than $8; 000,- q 
000. After the award of this contract, based on his design, he assisted in 
cs supervising the construction work; and later the dock facilities at Callao 


oH were enlarged to provide » for the increased tonnage that was attracted 2. 
the: port because of the success of | the first terminal. This additional work — 
was also done from designs prepared by Mr. Cady and invebved the expenditure | 
F rom 1928 Mr. Cady traveled extensively, throughout South America as 

surveys, designs, e: estimates, and reports for va ‘ various port works such as Asun- . 
_cién, Paraguay; Arica, Chile; and: Turiamo, Venezuela. He designed the 
_ ocean and river boat terminal at Cartagena, ‘Colombia, completed at a cost of 
$3,000,000, and supervised the construction through ‘completion: 
: _ The new port of Matarani, Peru, for the Peruvian Government, estimated to 
4 cost about $4, 000,000, was designed by Mr. Cady. - This work involved all the 
a problems for. developing a a port ata location 1 where no harbor of any nature had 
_ previously existed and included breakwaters in deep water, bulkheads, ware a 
houses, water supply, electric power plant, and other facilities. 
tal In addition to the foregoing, Mr. Cady was associated with studies, plans, 
f a a. 9 and estimates for port work at Tocopilla, Chile, and water works for Cartagena. mt 
: ae 4 While in the New Y ork office he was engaged in the 2 construction ‘problems — 
- involved in the building of the large Tygart River concrete dam at Grafton, 


7 _ 'W. Va., for the U. S. Engineers, a dam costing $8,000,000. The most recent 


“4 
? 


5 


project developed by Mr. Cady 1 was the important terminal for oil shipment 


near pan — completed i in 1940 from plans ‘prepared by him. ‘His 
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but the consideration of local and negotiations = 
| with government and 1 municipal authorities, particularly in Latin America. 


His knowledge of Spanish, familiarity with native customs and social life, his a 


a 
a pleasing personality, and wide experience made him unusually well equipped — ie? 
- for foreign activities. He was highly respected by ali with whom he came in 
- contact, as a thoroughly competent | engineer and as a man of the highest 


time to time Mr. Cady prepared papers on engineering j 
“were published i in technical journals, such as the Proceedings of the Society, 
Engineering News-Record, Port Works, and the Marine News. 
Mr. Cady was interested in outdoor life. He was a keen fisherman and 
if fond of the woods. While i in Havana he was a member of the Country Club | 


a of Havana, and of the Knickerbocker Country ‘Club of Englewood, N. J. His a ; 
travels covered l practically all of the countries of South America and the 
a ‘West Indies, by ships, planes, and automobiles, so that he ‘was familiar with 


the principal cities on the coast and in the interior, and in some cases isolated t: on 


~ In 1926, Mr. Cady was: married to Carolyn — of Hammond, Ind., wld 


Civil Enginseve on July 9, 1923, and a Member on July 6, 1936. 


son ‘of William Rich and Margaret (Wylde) ‘Carlile. He was 
He began his engineering career in June, 1888, when he entered ahaas’ 
service at Poughkeepsie, N. Y., as chainman on the location of the a 
Railroad. He served as rodman, transitman, and assistant 


-nReer on the location and construction of the Pennsylvania, Poughkeepsie and > 


Boston Railroad. He went the Poughkeepsie Bridge Route to the 


Dutchess County Railroad Company ‘where from March to August, 1890, he = a 
In August, 1890, he joined the en engineer corps of the Norfolk and eee Fs 
tee Company as assistant engineer in charge of ten miles of construction 
in West Virginia on the Ohio Extension, where he remained until February, 


é 
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F oe a: St. Lawrence Railroad from n April to to October, 1891, and went from this 
work to spend months as levelman for the New York and New England 


- Crimmins or on the: oanatanctien of the Third Avenue Cable Road in New 
York, N. Y., where he was — from June to November, 1892. a 
pe wi From November, 1892, to March, 1893, he worked as assistant engineer for 


the late E. P. Roberts,2 M. Am. ©. E., on surveys for the location 
-—_Bighag from West Point, N. Y., around Storm King Mountain to Cornwall, 
Ts “ oe In May, 1893, he was was appointed to the position of rodman in the z 
of Surveys in Philadelphia, Pa. Later he became assistant engineer 
‘in charge of the field corps on general city survey work and on the con- 
struction of the Pennsylvania Avenue Subway ‘and Tunnel for the Philadel 
Phin and Reading Railroad Company and on dredging in the Delaware and ho 
vette «He: resigned from the Bureau of Surveys in June, 1900, to accept the posi- 
: tion of principal assistant engineer for the Philadelphia Crude Ore Company 
on surveys in the Aleutian Islands, Alaska, and remained on this work until 
- October, 1900. He returned to the Bureau of Surveys, in Philadelphia, in ee 
| Daehn. 1900, and served as assistant engineer on the location of Torres — 
dale Boulevard until May, 1901, ¥ when he resigned to become assistant engi- 
- neer on the location of the Cornwall and Western Railroad. This work was 
Cas completed in July, 1901, and two months later he returned te the Bureau of © 
Surveys” (Filtration Department), in in Philadelphia, on the location surveys 
a —_ as assistant engineer on dredging in the aan and Schuylkill rivers, 


that time until Jan anuary, 1904, he v was ; engineer in charge of location and 

- construction for the Beaver Creek Railroad Company in West Virginia. He 
ahs went to San Juan, Puerto Rico, in April, 1904, as locating engineer for the 
a Jest Indies. Construction Company ¢ on the surveys for the proposed aye 


Returning 1 to the: United States in “April, 1905, he a as 
locating engineer with the New Jersey Short Line Railroad Company. hh 3 


“assistant chief e engineer construction 


_ Missouri and Kansas Interurban Railroad from Kansas City to Olathe, Kans. A 
resigned this in November, 1905, to assistant: ‘engineet 


April, 1907, he was appointed principal assistant engineer from that 


a time until his retirement, due to ill health, in April, 1938, he was in charge : 


ail 


of all field « engineering and in general charge of all construction work, with 
_ the exception of the Bay Ridge and Jamaica Improvements. = =| 
During ‘his | term as principal assistant engineer of the Long Island Rail 
road Company | many important improvements were completed inde 


several major grade crossing eliminations. j§g- 


2 For memoir, see Transactions, Am. BE, Vel, , June, 1911, 5 598. 
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“CUDDEBACK 
was a lifelong member the. Protestant Episcopal 
ae was one of its most valued and prominent laymen. From 1917 until | 
his de death, he was vestryman and warden of St. George’s Episcopal 
4 ‘Hempstead, N. Y. He was also a member of the executive b ass 
diocese and held other offices in his church, 
_ The foregoing sketch covers fifty-one years of active work in engineering, e: : 
devoted to railroad location and construction. ‘The writer’s friend- 


_ ship and association with Mr. Carlile extended over a period of more than apy 
thirty- four years and began when they met in San Juan, Puerto Rico, in 
4 ‘April, 1904. This 3 association was continued in J uly, 1905, on the location i 
and construction of the Missouri and Kansas Interurban Railroad at Kansas a 
eam and was further continued on the Long Island Railroad from J anuary, ey “= 
911, to September, 1914. Although their paths in business” separated, the 
~ friendship continued firm and strong, and the memory of that friendship is Fag 
one of the finest of a lifetime. He was a true a and loyal friend. 
ga He was a very capable construction engineer and a man of splendid execu- 
tive ability. He possessed a Pleasing personality and was a delightful com- gt 
panion. He was married on June 16, 1908, to Alice Phelps Stokes 
_ Philadelphia, who survives him. Also surviving is one son, Thomas Stokes ~~ 
Carlile, born at Flushing, Long Island, N. Y., on July 4,1909. frome spac 
Carlile was a member of the Railway Engineering 
tion and the American Association of Engineers. 


Carlile was elected a Junior of the American Society of Civil Engi- 
on March 8, 1896; an Member on March 8, sand a Mem- 


W INTER CUDDEBACK, M. Am. io 


D 


was in  Ouddebackville, N.. in 1868. 
‘The family were French in origin, and in this country were farmers in the es 


which is named for them. One sister survives and the family s still: owns 


arm 


Cuddeback was eavolled with the Class at Cornell Univer- 


sity, at ‘Ithaca, N. Y., in the fall of 1890, : and completed the \ work of one | yea 


‘Then secking, as he said, ‘the broadening | of view which would come from 
education in a distant section of country he entered Stanford University, 


1891. As a transfer | student he gerne d his course in 1894 and thus became 


BY 4 at Stanford University, Calif., which first opened its doors in the fall of 


D. pre 
Marx, Soe. | C. Ls who then directed the 


one of Stanford’s first engineering graduates under the guidance of Charles Bi, 
engineering course. 


Memoir prepared by Thomas Wig Cook, 
Members, . Am, Soe. C. Mr, Merrithan aled 
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red one of the group of | private companies in » New Jers ersey pails which he was s later 
‘Sear to become closely identified through many years. Between the time of his — 
_ graduation in 1894 and October, 1898, when he finally became identified with — 


oi. that group of water companies in New Jersey, he had a variety of worth- ae 
while jobs which contributed to the breadth of his engineering experience, 
These jobs included surveys, plans and specifications for a system of sewers 


pa ria. at Palo Alto, Calif. (May to July, 1894); charge of a a U. S. Coast and Geo- 
Ds i. detic Survey party engaged in fixing the boundary line between the states 
4 of California and Nevada (July, 1894, to J anuary, 1895); assistant engineer 
io" charge of surveys and construction of irrigation ditch for the Stanislaus 
ee ag and San Joaquin Land and Water Company, California (January to J une, 
ae 1895); topographer in charge of magnetic observations and reconnaissance 
“ae on surveys of boundary between the states of California and Nevada (June, 
— 1895, to J anuary » 1896); ; with East Jersey Water Company on construction 
a of Newark, N. J., conduit No. 2 (January to November, 1896) ; survey for ; 
Passaic Valley, N. J., sewerage system, then topographical surveys of two 
ane New York, N. Y., parks (November, 1896, to February, 1897); surveys and 
construction for Metropolitan Street Railway Company, New York City 
a _-In March, 1898, Mr. Cuddeback made the connection with the group of 
water companies: in Metropolitan New Jersey which was to endure active 
$2 from that time until 1926, and thereafter in a less active way until his death. 
- These companies included the Passaic Water Company, the East Jersey Water — 
Company, Jersey City Water Supply Company, Acquackanonk Water Com- 
pany, Montclair Water Company. The territory supplied included 
Paterson, Passaic, Clifton, Montclair, and Bayonne. j= 
er > Most of these companies were affiliated with the famous S. U. M. (Society — 
for Establishing Useful Manufactures), founded by Alexander Hamilton, 
E es which society is still owner of the | water power at the Great Falls on the — 
Passaic River in Paterson, Of these ‘companies the late “Clemens 
- Herschel,? Past-President and Hon. M. Am. Soc. C. E., inventor of the venturi a 
‘meter, was for many years chief engineer and manager, followed by the late : 
Waldo Smith,? Hon. M. Am. Soc. 0. E. The latter engaged Mr. ‘Cuddeback 
a and through the following years gave him the opportunity for training and 


the words piprdbr ore: Mr. ‘Smith introduced him to his work, telling him | 

was conferring on him n0 title but for him to go in and make a place for hin him- 

self. ‘This did, becoming successively assistant s superintendent, | super> 

Rana intendent and engineer, and finally, after Mr. Smith was called to take charge 

; % Ss of water works construction for New York City, becoming superintendent and 
vice-presidet nt of the ec combi ined companies which later were formed into the 
‘al tf Passaic Consolidated Water Company. _An intimate friendship existed be- 
tween Mr. Cuddeback and Mr. Smith until ended the latter’ = in n 
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the works whieh were during Mr. 
with these large New Jersey companies were the Boonton Dam, aqueduct, — : 
ad the first 72-in. . steel pipe line from Boonton to J ersey City, many steel 
_ pipe lines which were among the early ones in the country, and the Little re 


rapid sand filter plant of 32 mgd capacity, first of the large masonry 


_ plants of this type, for which the late George W. Fuller,* M. Am. Soc. C. zB, 
was consulting sanitary engineer and the late William B. Fuller’ M. Am. — 
Soe. O. E., was consulting structural and resident engineer. pirate Itwishcten » 
Mr. Cuddeback made the accuracy and maintenance of water meters 
special study, and due in great measure to the skill and energy which he ap- 
= to the task of metering all services, gradually and completely, the > supply a : 
from the Passaic River continued to be adequate for the cities of Paterson, 
Passaic, Clifton, Bayonne, Montclair, and other communities until the con- 
demnation in 1930 of the works of Passaic Consolidated Company by 
certain of the cities supplied.  Witha a rapidly rising population and industrial = 
— the consumption actually fell greatly during the several-year period 
of metering. Mr. Cuddeback’s methods of f meter testing and repairing Jonge 
z = living and spreading through the younger men whom he trained. _ AS Ort: 
_ During his many years with the New Jersey companies, Mr. Cuddeback — 
did considerable work as a consulting water works engineer for other plants, | fe 
: and managed some outside companies including t that at Massillon, Ghin. = 
_ In 1926 Mr. Cuddeback became vice-president and general manager of the pe 
_ Federal Water Service Corporation, a holding company formed at that time, - 7 
and aided in the appraisal, purchase, and organization into state companies ae 


@.. more than 100 water companies in ‘the states of New York, New J ersey, ; 


and Oregon. ‘The ‘total value of these was more re than $100,- 
_ 000,000 and the population supplied was about 2.5 million. — Many of the 

companies ‘were run down” and the work of rehabilitating - them was done 
“under Mr. Cuddeback’s general direction. In the four years previous to 1931, 
the work involved an expenditure of about $7,000,000 each year in extensions, 

_ Tepairs, and new works, and lesser but substantial sums in the following years i 
of depression. _A few years before his death he retired from the general Pina ‘ 
- managership of Federal Water Service e Corporation but remained a director ye 
and president of the New York and New J ersey water. service companies u until E 
4 a few months before his death, which was much hastened by an attack of © | 


Pneumonia in the previous year. He died on Sunday, December 4, 1938. 


Cuddeback was a member of the American Water Works Association 
and New England Water Works Association. He served as president -— A 
American ‘Water Works Amciation from a June, 1926, to June, 1927. 


and ‘sympathy endeared him to. all his associates. He 
fond of watching the by-play of human actions and motives; he understood 
‘For memoir, see Transactions, Am. Soc. C. B., Vol. 100 (1935), p. 1653, mean ints 
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MEMOIR” JAMES | BUGENE CURTIS 


aad the same time he was firm and direct when action was bine Like 
_ many another good engineer, he was very fond of a game of poker with his 
riends ¢ and was a skilful player. It never troubled him if he lost; when he 
= lost it was just a part of the smeiienhd of living; when he won he mana aged _ 
spend his winnings promptly for the benefit of others, 
on ne Surviving : are | his second wife, the former Edith A. Finley; two children 
te of his first x marriage, Louise B. and Thomas M. Cuddeback ; ; and a sister, Mrs. Ss 
Cuddeback was elected an Associate Member of the American Society 
of Civil Engineers or on April ' 5, 1899, and a Member on March 1, 1910. 


JAMES. EUGENE CURTIS, M. M. Am. Soc. C. Et 


James Eugene Curtis was born in ‘Washington, D. C., on 1 October 11, 


= the son of James M. and F Florence A. (Turton) Curtis. _ His early education — 
was obtained a e mn, and he later atten 


_ The first engineering position held by Mr. Curtis was that of draftsman jan and 
__ surveyor with the ‘Pressey and Weller ‘Company of Washington on water r works 
and building construction. © “In this position he acted as an assistant on design 
of water distribution systems for various southern cities and was employed on 


- In 1905 he entered the employ of the War Department i in the ‘Washington 

Aqueduct: section of the U. S. Engineer Office, which has jurisdiction over eee 
collection, purification, pu pumping, and transmission of water for the City 0 

_ Washington. _ This was an important step in Mr. Curtis’ life, as he cull 

this office > continuously until his death, a period of thirty-four years. 


During this time he was promoted ‘successively from ‘surveyman to seni 


= Mr. Curtis entered the employ of the W Washington Aqueduct the city 

: was | in the process of completing the construction of the large slow-sand filtra- 3 

tion plant at the McMillan Reservation. Mr. Curtis worked directly under 

_ E. D. Hardy, the engineer in charge of the work, and was entrusted with the 
completion of the designs of the also partici- 

pated i in the design of a 10-in. suction dredge and the design and construction 

a of an hydraulic sand-washer system for McMillan Reservation, which doubled — 


arth 1910 a was appointed j junior a and worked on the design and 7 


in * Memoir prepared by E. A. Schmitt, re and P. O. Macqueen, M. Am. Soc. C. ad 
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¥ MEMOIR or WALTER CURTIS 


et cakes. under Mr. Hardy, and in this position he had charge of a of 

great many important improvements to the water supply system, including a sr 

-cast- -iron lining for Cabin John Aqueduct Bridge, the de: ign and construction _ : 

: of the remodeling of Georgetown Reservoir, and the investigation of the 

Patuxent River as a source of water supply for the city, = hae 

In 1921 Mr. Curtis was appointed superintendent of operations for 

Washington Aqueduct and in 1923 field superintendent supervising the con- _ 

- struction of of the increase of water supply work. © This project included con Ea ais 
duits, reservoirs, pumping - stations, transmission water lines, 
a new rapid sand filtration plant, a hydroelectric generating station, and wee 
ous minor structures. The total cost of this construction work was 


mately $9, 000, 000. In 1928 Mr. Curtis was appointed civil engineer, and in 


2 Pai Mr. Curtis was a man of quiet manners and sound judgment with a high 


of self-confidence. During the entire thirty- ‘four years of his experi- 
“ence in connection with the Washington Aqueduct he had an excellent a 


id _ Mr. Curtis was married to Lillian Gayle on July 21, 1909. There were no ae 


ae He the Blue ‘Lédge, Consistory and Shrine ‘Masonic 
\ Fraternity, and also held memberships in the American Water Works | Asso- 
ciation, the American Society of ‘Military Engineers, and the Washington So- 


ie, Mr. Curtis wi was elected an Associate Member of the American Soci ty ~ ae eer 
| 
WALTER WHALEY CURTIS, M. Am. ‘Soc. C. TH 


a Walter Whaley Curtis, the s son of J ohn, Decker and Sarah Catherine (Mars- 

Curtis, was born in Whaleysville, Md., on September 28, 1863. early 

education was acquired i in in the public schools of Wilmington, D Del. 

Railway ‘Company at Las | Vegas, N. Mex. Later i in the same year | . was em a a 

by the late Charles Frederick Loweth,? Past- President, Am. Soc. C. E. 


a in the construction of two narrow gage railroads near tom Moines, Towa. A 
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wths at this work he to > the Topeka 
‘Santa ] Fe Railway Company at Topeka, Kans., , under the division engineer 6 on 
work which involved the location and construction of some branch lines and 
the fall of 1888 he was again employed by Mr.  Loweth at St. Paul, Minn, 
and assisted in the design « of bridges. He became greatly interested in = ; 
ys work but found that he did not have sufficient technical education, so he en 
ae rs tered the Thayer School of Engineering at Dartmouth College, in Hanover, 
N. H., and received the degree of Civil Engineer in 1886. 
e. After graduation he joined Mr. Loweth at St. Paul and ‘remained with bis: ; 


ea ae until 1887 when he became resident engineer on the construction of the Atehi- 


out. 


= ‘son, Topeka and Santa Fe Railway bridge over the Mississippi. River at Ft. 
mas a ade In 1888 he returned to St. Paul where he continued the practice of e engi- 
neering, designing, and supervising the construction of bridges, water works, a 
and various engineering structures. _ Among these was one of the first ele- 
il vated water tanks which has ever been constructed on a steel tower. | 
Coe ae In 1891 he moved to Chicago, IIl., to represent the Pittsburg Bridge Com. 
pany; and among many other structures he erected the Halsted Street u? 
_ Bridge, which was the first high lift bridge ever built. 
re’  Severing his connection with the Pittsburg Bridge Company in 1896, he 
established an engineering and contracting business which he continued until 
1918, . During this time he investigated the results of railroad tie treatments” 
Mr. Curtis made investments in coal lands in Colorado, and in 1913 he 
. - found it necessary to , devote his entire time to these interests. In 1929 failing 
‘He was a a student and great reader of engineering literature, and kept wp 
his interest in his profession long after he retired from active practice. Ms a 
Oe an In 1887 he was married to Sarah Marston at F airlee, Vt. Two — Robert 
©. Curtis and Steven G. Curtis, survive him. 
oS Mr. Curtis was formerly a member of the Western Society of Bogineer 
of the American Railway Engineering Association. 
oer: Mr. Curtis was elected a Member of the American Society of ous Bag 
neers on September 5, 1888, and served as President _ the Colorado Section 


WILLIAM CHANNING CUSHING, Am. Soc. 


a 
liam | Channing Cushing _was born in St. John, New Brunewidll 
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there from: Winterport, Me., in 1853. In 1857 he joined his uncle, 
- André Cushing, in the firm André Cushing and Company, in which firm he : 
a partner until hisdeath in 1888. 
William Cushing was educated in the of St. John and entered the 

- University of New Brenewick at Fredericton, New Brunswick, in 1881, being — 
graduated wi with the degree of Bachelor of Arts in 1884 with honors in the a a 

Classics, English, a and French. He won the English Scholarship of 1883, 

= half of the French Prize of 1884, there being a tie with his competitor. — 
His examinations entitled him to collegiate “Honors in Classics” in 1881- : 


1889; Honors i in English,” 1882-1883; and “ Honors in French,” 1883- 1884. 


oe was graduated in 1887 with | the degree of Bachelor of Science in the 
q Department of Civil Engineering, his graduation thesis” being “ The Fin 
Grinding: of Cement,” in partnership with W. S. Thompson, later division “3 


engineer of the Sunbury Division of the Pennsylvania 1 Railroad. It was one 
of the two theses mentioned in n the President’s (Gen. Francis . A. Walker) 
Annual Report for 1887 as a contribution to knowledge through research, 
» and the results were used by the late George F. Swain,? Past-President and er 
Hon. M. Am. Soe. C. E., then Hayward Professor of the Department of ee 
Civil Engineering, in a ‘Teport to the Society in 1887. other thesis men- 


4 ioned by General Walker was that of the late J. Waldo Smith,* Hon. M. Am. 
Soc. C. E., the | builder of N ew York's | Catskill water supply system. 


Me. Cushing left Boston the day after graduation, on May 31, “1887, fe 
Uniritlo, Ky., where he was engaged for service by George W. Kittredge,. 


M. Am. Soe. C. E., division engineer, as ‘an assistant in the Maintenance 


He held this position until January, 1889, when he became engineer, 


[cere of Way, on ‘the Cincinnati and Muskingum Valley Railway 
(later the Zanesville Branch of the Pittsburgh Division). August, 


+ (atte Columbus) Division. From 1894 until December 31, 1900, he held the 
position on ‘the Pittsburgh (later Panhandle) Division. During the 

‘year 1901 he was superintendent « of the Pittsburgh Division. This ‘was fol- 

lowed by a year as ‘Superintendent of the Eastern Division. of these 

changes wi was a promotion, as each division to which Mr. Cushing was assigned 

as engineer or superintendent was more important than that from whic ee : 
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ferred to Philadelphia, Pa., as engineer of standards of the 


4 


his lotig service with the Pennsylvania: Railroad he was 
responsible charge of many important construction projects, , such as enlarging — 


a d improving facilities by building additional main tracks, separating grades ae 


street and railway crossings, ‘rectifying alinement and grade, designing 


ards, constructing buildings, ‘stations, and shops, and was engineer- physicist 
in and preparation of for materials and appliances 


Congress Association: 
-1910—Eighth Session, Berne, Switzerland. 
 1922—Ninth Session, Rome, Italy, where he was for ke ica 
_ (North and South) on Question ITI, “ Special Steels.” giclee 
Tenth Session, London, England, where he_ was Reporter fo 
_ America (North and South) on Question (A) Breaking of 


Rails and (B Joints. 


ilroad Company we -sessio 


charter member in 1889 and president in 1911-1912 Société des Ingéaieus 
Civils: de France; The Institution of Engineers (Great Britain) ; and 


with the date when each work appeared : 


“Method of Procedure i in! Remodeling Ya ur rds” 
“A New Yard Design,” Railroad Gazette, March 13, 1908. ce oe abet 
3 ks Progress in Yard Design,” Railroad Gazette, May 12, 1905; an 
Proceedings, American Railway Engineering Association, Vol. 
4, English Translation of “ Etude sur les [Déformiations des Voies dé 
a ae Chemins de Fer et les Moyens d’y Rémédier,” par M. 
published by Railroad Gazette, 1907. 
5. The Life of Steel Ties,” Railroad Age Gazette, June 5, 1908. 
“~The Question of Screw Fastenings to Secure Rails to Ties,” Pro- 
ceedings, American Railway Engineering Association, Vol. 10-2, 


2 = 


— 1, 1908, he became chief 18, was appointed to 
January 1, 190% June 1, 1918, West of Pittsburgh 
the Southwest System, Pennsylvania 1es West of Pittsburgh was 
— nsibility on the entire: the Pennsylvani 
= 
— 
— 
— @ 
— 
on in construction, maintenance, enting the Penneyl- 
— 
— 
ts of The Frank thor or 
—servin 
— 
— 
— 
— 
ty 
— 
i 


MEMOME OF WILLIAM CHANN 
“Track Supentranters’ of German Railways,” | dit Am 
Railway Engineering Association, Vol. 11-2, 1910. 
“Protecting and Waterproofing Solid Floor Bridges,” Proceedings, — 
_ American Railway Engineering Association, Vol. 12-1,1911, 
9, “A ‘Study of Forty Failed Rails,” Proceedings, American Railway — 
4 X'* The Question of the Improvement of Rail Design and Specifiestions = 
: from 1893 to the Present Time,” Proceedings, Americen 
2 : “ Some of the Causes of Rail Failures,” Proceedings, American Rail- i 
Fein way Engineering Association, Vol. 17, 1916; and Minutes of Pr 
wr ceedings, The Institution of Civil Engineers (London), V ol. CCl, 
ry 1915-1916, Part 1 (awarded “ ‘Manby Premium”). 
12. “Examination of Rails Long in Service for Relation between Inter- 
nal Stresses and Strains and Transverse Fissures,” Proceedings, 


American Railway Engineering Association, Vol. 21, 1920. 


Special Steels,” Proceedings, ‘American Railway Engineering As- 
sociation, Vol. 17, 1916; and Anternational 
Sh ‘On the Question of Breaking of Rails; Joints” (Subject II for te 
cussion at the Tenth Session of International Railway Congress 


plied to Rail Design” (prepared for London of 
International Railway ‘Congress Association). 
‘Part II— 
“Steel Rails” 
IlI—“ The Genesis of Fi issure” 
Be Railway Engineering Association Bulletin No. 315, March, — 
baw plot 4 1929). ab alt. uth... Bt et 
Part The Heat- Treated Rails in the Tracks” (American 
Railway Association Bulletin No. $24, February, 1930). 


of Philadelphia, where he continuous study and 
with The Franklin Institute and other scientific agencies, all with : a view to 
making t the world a better place because of his having passed through. ‘19% ae 
phe Being v very methodical in all that he did, much time in his later years w ars was Hi 
spent in arranging his personal affairs so that all would be in order when he ie : 
‘should be called to leave. 29 one , 
ES Each year he made a trip to his birthplace, St. ‘John: New Brunswick, a: 
_ visit with relatives and friends. On many of these trips he visited some _ 
of the older family ‘Seats in and around Mass. and at the time of 
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the genealogy of the Cushing family, the last edition of 
During his entire life he never missed. an opportunity 
During im. The writer’s 
i ive credit to an older man who had assisted 


some papers how the writer ’s father had been hell to. 
* him in his ‘early y years. The writer is indebted to Mr. Cushing for obtaining q 
P a. him his first position in engineering in the United States, when his 
efforts resulted in the writer’s appointment as draftsman and checker on 
ridges: for the Pennsylvania Lines West of Pittsburgh i in 1913. 
= William Cushing was married at Indianapolis, Ind., on February 14, 1894, ; 
oa to Marie Bacon Dye, daughter of John T. and “Annie (Glenn) Dye of In- 
- dianapolis He is survived by his only daughter, Annie Theodosia ( Mrs, 
P. Haviland), and a sister, Emma Helen Obs. Alexander Wilson). a 
fitting closing for this very inadequate narrative is a “sentence from 
tie addressed by Mr. Cushing’ 8 daughter t to the writer on J snuary 29, 1940. 
= ‘Referring to. her father, she writes: “He was the most unselfish man that 
ever lived, and the most wonderful father to me. 
Me Cushing was elected a a Junior of the American Society o! of Civil Bagi 


neers on June 5, 1889; an Associate “Member on November 4 1891; and _ 


Cornelius Mark Daily, the son of J Mary Daily, wns on F Feb- 
‘ruary 28, 1876, in Rolla, Mo. He attended a a country school. near Rolla and 
tan the Missouri School of Mines and Metallurgy at Rolla, in 1898, a 
7] which he “received the degree « of Bachelor of Science in General Science 
1902, and the degree of Bachelor of Science in Civil Engineering in 1903. — es 
served with the U. S. . Engineers from 1903 to 1905, first as a survey- 


as 


an and then : as s junior engineer on river improvement on both the Mise 


and North he became resident. ‘engineer in 
charge of the installation of machinery a phosphate mill in Tennessee 


fort the next three years was engaged in the design and construction of such 
| structures as railway yards, fons, retaining walls, water works, and drainage — 


Edward Flad consulting» engineers of St. Mes = 


1Memoir prepared by Francis T. Cutts, M. Am. Soc. C. B. 
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_——- j- with Mr. Beckelheimer, formed the firm of Daily and Beckelheimer, com> ff | 
sulting engineers, with headquarters in Carmi, Ill. During the next thre § 
he followed a general consulting practice, embracing special investiga 


¥ 


‘MEMOIR OF CORNELIUS ‘MARK DA DAILY 
of: numerous plans and specifications for roads and ¥ 
‘In April, 1911, the firm of Daily a nd Beckelheimer was ‘dissolved, and Mr. a 
‘Daily became associated with Pitzman’ s Company of Surveyors and Engi- ae 
neers as engineer in charge of the construction of a railway incline and pro- - bt; 
te tective dike work on the Mississippi River. Upon the completion | of us 
ra project in January, 1913, he returned to Edward Flad ond Company on a 
special investigation and preliminary plans of slime works for the 
i producing companies in the vicinity of Flat River, Mo. In April, 1913 Ss is 
he was appointed assistant engineer, Supply and Purifying Section, St. Louis aa j x 5 
Water Division, and was engaged in the design of the head-] house and other 
2 structures that were to be constructed in connection with the Chain of Rocks 
4 (Mo.) Filter Plant. On the completion of these designs in November, 1913, a 
Mr. Daily again became associated with Edward Flad and Company in charge” ‘ta 
of an investigation, survey, , and for a new water the: 


- and was in charge of the operations of the filter plant at Chain of Rocks ee a 
: ing the first months of its operation. In 1917 he was made engineer in | 


of the Supply and Purifying Section of the St. Louis Water ween ae chon 
apt 
= not only for the operation ol maintenance of the. supply and puri- 
_ fying division, but also for the design and construction supervision of the 
new buildings and other ‘structures in connection with the building of the 
new St. Louis Water Works | plant at Howard Bend on the Missouri River. 
Ih 1925 he resigned to engage in a general engineering and contracting tusi- 
3} ness, , and continued in this. business until April, 1932, when he was | offered, a . 
4 and accepted, the a appointment | as water commissioner for | the City of St. Louis. a ag 
a _ Mr. Daily’s earlier professional training and his previous connections with 
“a the St. Louis ‘Water Works well qualified him for the position, which he fled 
: with great credit to his profession. In the fall of 1935 he resigned as water 
commissioner to become identified with the construction industry again, and 
from that time his death he was engaged in the construction of many 
‘Mr. Daily died suddenly in Jacksonville, Th, on November 25, 1938. He 
‘ was recognized as an authority in the design and construction of water work, f 
4 He was a member of the Engineers’ Club of St. Louis and the “American = oe a 
_ Water Works Association, and contributed frequently to various technical a 
On June 19, , 1001, Mr. Daily was m married to Margaret C Miller, of 
“Charles, Mo., who, with one da 
_ He lived a useful life, and was untiring in his efforts. His loyalty, hon- = 
rell recognized by all who knew hit im. 
_ Mr. Daily was elected a Member of t the American Society of Civil Engi- 
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VIPO 


ohn Vipond L Davies was born at Swansea, Wales, « on October 18, 1862, » the 
gon of Andrew and Emily (Vipond) Davies. received his education 
Wesleyan College, the University of London, Lon- 
of He worked i in Wales as an engineer in the British coal mines and in the P 
manufacture of steel until 1889, when he came to New York, N. Y., on the 
invitation of the late Charles M. J Jacobs,? M. Am. . Soe. C. E., with ‘whom 
later formed the partnership of Jacobs and Davies. In this earlier association 
_ Mr. Davies was employed by the Long Island Railroad Company, then under — a Te 


ey the presidency of Austin Corbin, when Mr. J acobs was evolving some of the 


first proposals to ‘connect this railroad with the Pennsylvania ‘Railroad, 

_ Mr. Davies acted as chief assistant engineer to Mr. Jacobs during the con- ; 
struction of ‘the East River Gas Company tunnel under the East River. and 


ats  Blackwells Island, the first tunnel to pass under any of the harbors of the port — 


of New ‘York. Ye 


a. _ After the completion of the tunnel in 1893 Mr. Davies and Mr. Jacobs 
formed the partnership of Jacobs and Davies. . Their first assignment was the — 

Ps construction of a pumping plant for the Montauk (N. Y.) W ater Company ‘ 


of delivering 2 000, of water, artesian wells to the 


- which included 2% miles ee subway and 3 miles of viaduct with the terminal 
‘facilities. - " In 1901 the firm made additional. studies when plans. were revived — 
to extend Pennsyivenis Railroad into New Y ork City and beyond Long 

- _In 1902 the firm. undertock the project of completing what was later the ~ 
: north uptown tunnel (partly built by De Witt Haskins and also by Pere ce 


Re This nee was the nucleus of what eventually became the extensive. pie 
arb urban transit system of the Hudson | and Manhattan Railroad, with its. four 
or 

_ tunnels under the Hudson River connecting ng the main railroads at Men Jer- y: 
sey with downtown and uptown New York. bey olf 4 


oh ie e In October, 1909, the firm of Jacobs and Davies was incorporated and con: 
Re tinued the extensions of the Hudson and Manhattan Railroad to Newark, 


a. Memoir prepared by James Forgie, M. Am. Soc. C. E., and collaborators. 4 1 
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MEMOIR OF JOHN VIPOND — 


and 33d Street, New York, under the supervision of Mr. ita ies as chief 

_ engineer. _ He then became president of his firm, and later chief engineer, vices a 
; president, a and a director of the Hudson and Manhattan Railroad ‘Company. 


Subsequent: to 1909 the firm executed much. of the design and. construction 
4 by its own administration | of the following major projects: Hales Bar Dam “se 
4 on the Tennessee River about 20 miles south of Chattanooga, Tenn.; the 20 ‘a is 
miles of tunnels, canalage, and intakes of the Laxaxalpam Aqueduct feeding eS - 
a the: electric power plant o of Necaxa of the Mexican Light and Power Company, 

about 100 miles northeast of Mexico City, Mexico; 3 the large and hazardous | 
tennel construction of the Consolidated Gas of New York 


of the ite of the Grand Central al Station. ‘be 
yg Mr. Davies was engaged as as ‘consulting engineer for the Brooklyn Rapid 
a Transit Company; the water supply tunnel under the Detroit River for the a | 
Gers of Detroit, Mich. ; ; acted as a member of the board of engineers on the 
construction of the Moffat Tunnel in the Rocky Mountains near Denver, a 
ct olo.; executed construction of the power station intake and discharge tun- ae ihe 
nels of the New York Edison ‘Company ; member of the board of consulting 4 
ngineers in study and report ona bridge or tunnel crossing the ‘Mississippi ¥ i 
_ at New Orleans, La.; the New York State Bridge and Tunnel Commis- 


sion and the New Jersey Bridge and Tunnel Commission in prelimi- 
nary studies for a Hudson River highway crossing, which eventually became — 
the Holland Tunnel ; he served as a member of the board of consulting engi- 
neers during ¢ construction—in all, association covered the period from 
1912 ‘to 1922. He made collaborative studies and a report on the proposal | a 


a — or tunnel across San Francisco Bay, Francisco to 


as 


lan 
John Vipond Davies was a Charter Member of Institute of 
i sulting Engineers, and one of the early group of e engineers, , led | by the > 
Alfred P. Boller,? M. Am. Soe. C. E., responsible for the ‘initial organization — 


of the Institute, and the influential and standing of the 


Mr. ‘Davies pha of The of ‘Civil the 
Institute of Mining and d Metallurgical Engineers, and president of 
United Engineering | Societies from 1920 to 1923. 
the engineering. profession, and a schedule of engineering work. 


- From 1921 until his death he was a member of the committee on Professional 
Practice and Ethics of American Institute of Consulting Engineers. His ., 


on this committee was greatly appreciated. In 1929 he served as chair. 


of a special Committee appointed by the American Society « of Civil 
_ Engineers on “ ‘Charges and Methods of Making Charges for Professional 
‘This committee made an elaborate | report v which was: approved by 


| 
ad 
1e 
4 
Bronx County; also engineering supervision of contract work of the terminal 
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For memoir, see Transactions, Am. Soc. C. I 
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or DANIEL YOUNG pinto 


‘Engineers; the Norman in 1013, and Thomas F Fitch Rowland 


the Pilgrims ‘of ‘United States, the Engineers’ Club, and Railroad Club 
of New Keck, which was for many years a member of the Board of 
In (1895 was to Ruth Ramsey of Pottsville, Pa., who died in 
_ He is survived by two daughters, Margaret (Mrs..C. Olden Davis) — 
Muriel (Mrs. Malcolm Mackenzie), and a son, J. ‘Vipond Davies, Jr. 
4 
Mr. ‘Davies was a ‘man of great energy and courage and risked his life to 
_ Hey was deeply loved and respected by the executive staff and employees ‘of iS 
n Railroad Company, with which his association 
a boa a a period ‘as 87 3 years, and by many others who worked with him oe 
tii Davies was elected a Member of the American Society of Civil Engi- — 
YOUNG DIMON, Soe. C. E. 4 


was settlers in and father was a a prosperous farmer 

Daniel’s early life was spent in Riverhead where was educated in 
ss loeal public schools. ls. ‘He was graduated from Riverhead High School i in 1892. 


 & then spent four. years at Cornell University, | at Ithaca, N. Y., and = 


ae Immediately following graduation he entered the employ of the Groton ma? 
) Bridge ‘Company where he had four years of practical 
a in detail drafting, shop and field inspection, and estimating , and ¢ 
designing work. Thereafter he followed the career of a structural engineer. 
“ee From J une, 1900, to September, 1903, he was employed by the American oa 
Bridge Company i in its Designing Department at Pencoyd, Pa., where he he had 
ing and 
"responsible charge of ‘designing and estimating steel work of highway 


Re railway bridges, buildings, cranes, etc. Subsequently he was employed in the 9 


@ 


_ 1Memoir prepared by Joseph H. O’Brien and Fenwick F. Skinner, Members, Am. Soe. aa 
- ane c. Assoc. M. Am. Soc. C. B. 
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— a Socially he was president of the St. George’s Society of New York forthe § © 
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Daniel Young Dimon was born at Riverhead, N. Y., on March 22, 1874 
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a 
I 
of design of steel vor and steel work of mills and office 
a Fre rom m October, 1904, until 1909 he was fas employed by Westinghouse, Church, 


“civil engineer of Pennsylvania Terminal improvements in 1 New York City. 
«Fis work i included the design of foundations for the Terminal Station build-— 
ing and surroun ing street viaducts, East River tunnel approaches, ete., io "ting 
ite design of all substructures including baggage tunnels, elevator pits, pipe 
and wire tunnels, underground duct systems, drainage system, etc. oe We 
te Mr. Dimon then became associated with the Eastern Steel Company a 
assistant engineer until 1915. was employed as structural engineer by 
| Milliken Brothers from 1915 to 1917, by the Downey Shipbuilding Corpora- 7 
tion from 1917 to J uly 15, 1918, a nd by the Foster Wheeler Corporation there 
until March 26, 1921, when failing eyesight caused him 


x pursuit of his peuibisishont for about two years. He was again employed by 
Foster Wheeler Corporation in the spring of 1923 ‘and subsequently for two 4 

7 years by the J. G. White Engineering Corporation. . This engagement was 
- followed i by association with | John K. Turton and Company for a period of 

one year, and association with George ‘A. Fuller Construction ‘Corporation 


From February, 1 1980, to J June, 1938, he was employed by Gibbs and 


4 steel work for the New York Post Office building on the ete Ter- is nay 

_ minal s site between Ninth and Tenth Avenues. He was also in charge of 

structural: ‘work connected with important changes made in the 3ist Street a el 

viaduct and in supports of the original Post Office building at the Terminal 
site incidental to changes in track layout. He also collaborated in the design 

7 of certain important structures in connection with electrification. of the Penn-— 
sylvania Railroad in the New York zone, and had charge of the design of ] 


‘sroctaral steel for the superstructure of Newark improve- 


3 


Mr. Dien, was ‘a brother of the 1 Henry a mem- 

; ber of the staff of the American Bridge Company at the time of its formation. ae , 
“Mr. Dimon, who was highly esteemed by his associates, was a structural ; 

‘engineer of rare ability. He was conscientious, well doived, and 


On August 24, 1897, Mr. Dimon was married to Taft 
4. Riverhead who survives him, as do their three children, Daniel Young Be 


dn, John T. Dimon, and Margaret Dimon (Mrs. Benjamin Fisher). 
Bas. “Me. Dimon was elected an Associate Member of the Americen Society of 
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MEMOIR OF WALTER A ALEXANDER DOANE 

ALTER ALEXANDER DOANE, M. Soc. E 


he 
At the time ot ‘his: death men had been members of the 
a in any grade, longer than Walter A. Doane. He was the son of 


Tsaae s. ‘and Elizabeth (Morse) Doane, “and born in Ellicottville, N.. 


n he 10 years old ‘the family settled i n East Mead Townshis 


Weyland. He was educated in the public schools, and then 
for a period a a civil engineering college in Connecticut. At ‘the age of 1% 
young Doane “started to work for his father (some tiene city ‘engineer of 
Meadville, Pa.) on the Lake Shore Railroad, later known The Rome, 
and Ogdensburg Railroad, and finally a part of the New York 
Central Railroad system. _ Mr. Doane was a draftsman and assistant engineer 
on location from April, 1871, to December, 4 1873, at which time he became a 
division engineer in charge of construction. He held this "position ‘until 
September, 1876. It is interesting to ‘Tecall that, at this time, the late. James 
: Ross , M. Am. Soe. C. E., a young Scot, obtained his first job in America on 
4 the staff of Walter ad Doane’s father and took a liking to young Doane. Mr oy 
Ross proved | a remarkably good judge of men, as well as capable in his own 
, right—so much so, that, when he died i in 1913, he was reputed to have left: an 
ae ) the In March, 1878, Mr. Doane : accepted the position n of chief « engineer of the shy 
a Lehigh and Eastern Railway Company, which position he held until August, 
’ 1880, running preliminary lines and location. On August 1, 1880, he started — 
: Bor, work as principal assistant engineer of the Meadville-Conneaut Lake and 
a ea a Linesville Railroad Company (under his brother Alonzo Doane), which posi- ey 
tion he held until October, 1880, when he was s promoted to the position of chief ‘3 
engineer. The Meadville-Conneaut Lake and Linesville Railroad was com- 
pleted i in 1881 or 1882, permitting Mr. Doane to accept a a position as chief of 
Se party on the location, in Kansas, of the Santa Fe Railway. ects > ai 
Be Early in 1883 J ames Ross, who had just been appointed 1 manager of con- 
"struction « of that section of the Canadian Pacific Railway from Maple Creek, — : 
_ Saskatchewan, some 90 miles east of Medicine Hat, Alberta, to, and through, os, 
the Rocky ‘Mountains and over the Selkirk Mountains’ in British Columbia, 
sent for Mr. Doane | and installed him as his bridge engineer on the | 
Mountain section. The first Office, in May, 1883, was in a tent at Medicine | 
>in August quarters’ ‘were moved to Alberta.’ On Mr. Doane’s 
staff, from the start, were P. Turner Bone and the writer. 
Th 1884— Mr. Doane’s office was at Laggan, Alberta, the summit 


he pass through the Rocky Mountains. In 1884 George Herrick a 
= Hon. M. Am. Soe. ©. E., and chairman of The Doleenios, Bride Com- 
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at Montreal, Quebec) Joined his staff, The bridges were of 
and squared at the sites. In those days no steel was available. 
 jron used consisted of bolts and rods, with cast-iron angle ‘blocks weprole 4 4 
Howe trusses; these materials came from Chicago, “hove 
on. is doubtful if. any engineer had a greater knowledge of the design an * 
construction of wooden bridges than Mr. Doane. Among the structures “ E 
Shin 3 type that he built for the Canadian Pacific Railroad were: The first one 
over the South Saskatchewan River at Medicine Hat; one the Bow a 
River at Calgary; many over the Kicking Horse and other. in the 
Rocky Mountain and Selkirk - Mountain ranges, including | one over ‘Story 
4 Oreek ( probably the highest wooden trestle, v with Howe trusses, in the world) ee % bs 


— OF WALTER | ALEXANDER 


3 


Mountain Creek trestle, a very long and fairly high structure; and Surprise _ 
e Oreek, Cedar Creek, and many other bridges. The x notes made by the writer we & 
at the time, showing most of these designs, have been presented to the. ‘Society. , o 
Of course, all of these wooden bridges which hed been built in advance of the ax 
Se railroad track were replaced by iron, in time, ; and _ these in turn were replaced — a 
by steel structures, as the enaines, and cars became heavier and de- 
3 the completion of the Canadian Pacific Railway from Montreal to the 4 


Pacific Ocean, in November, 1885, it became the first ‘complete transcon- bss. 
tinental road in America; in fact there is still none in the United States vz 
under one management. His work finished, Mr. Doane then accepted a 
* position on the Oregon, Washington Railroad aan Navigation Company. He © tas By 


BE we & 


from place to place. From the start, however, he wisely r realized that it does 


s not p pay to hold undeveloped land, so his plan was to erect buildings at once 

sft From Ja: anuary, 1890, to the end ‘of 1893 Mr. Doane was principal assistant _ “a 
_ engineer under the late Ww. W. Coe,? M. Am. Soc. C. E., for the location and = 


-eonstruction of the Ohio ‘Extension (to the Ohio River at Kenova, 


of the Norfolk and Western Railway, later. a part of the Pennsylvania Rail- a 
Toad system. _ The town of Kenova took its spelling from parts of the ‘three 

‘surrounding states’ names—Kentucky, Ohio, and West Virginia The ‘Ohio 

4 _ Extension of the Norfolk ond Western Railway, built for heavy coal traffic, . 
on a very difficult location, crossing and recrossing rivers (especially 
Sandy) many times. It required sharp (12°) curves ‘and steep “grades. 


is interesting to note that, some 30 or more years later, ri 
"railroad was not able to. find a much, if any, better location. 
ky On this Mes there were 129 iron bridges. — Steel was not yet accepted, and = 


- oe a long time was not considered as safe as iron except for such important _ 


such 
"members as ‘eyebars. Among ‘these bridges ‘was a large one over the Ohio 
River at Kenova, ¥ with four spans of 300 ft each, o one of 520 ft » and a lon, 
of ‘viaduct approach i in Kenov: a, this site the low- water depth was 6 ft, and hy 
‘the high water depth, 66 ft. Several severe floods occurred during construc- 
with very little advance warning, so great pains were taken for rapid 
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was reconstructed Sow double track i in 1912-1918. The Kenova Bridge (Onin 


track, but the trusses were spaced far ‘enough : apart to permit 
inserting a middle truss later. The foundations and piers also were designed 
the fut future, but when double tracking v was: decided on, all of the trusses 
“were replaced, w using the old piers as originally built. 
Although he was a great authority on the design end: of 
wooden bridges, Mr. Doane modestly did not claim to be a designer of j iron 
= ; 1a bridges; so he again called on his former associate, the writer, who was cen 
with the Pencoyd Bridge Company, near r Philadelphia, Pa., and honored him 
asion of the Norfolk 
‘and Western Railway. ‘The: office, for a short time early in ‘January, 1890, 
was at the Roanoke, W. » headquarters of the Norfolk and Western Rail- 


a This work demonstrated, as did all of his” other “work, one of Mr. Be 


- ment of contractors; ainit although he was as lenient as he could be, he ae ; 
insisted on, an nd obtained, first-class work for his ¢ clients. In the early 

eighties ‘most engineers thought it necessary to swear at contractors, and 
i similarly the contractors did not , think that théy could manage their me F 


2 otherwise; but ‘Walter “A. Doane always ‘succeeded without the use of pro- 


“trait lie ta an engineer in those. days) ; yet he had an active life for 85 years. om ; 


it From 1893 to 1905 Mr. Doane was city engineer for the City of Meadville, tay 
. as his father had been before him - He also “ acted as city engineer ae 


» several years, in the same city, at a later period. © ‘Following this work, in 

1905-1907, Mr. ] Doane was principal assistant iene in charge of construc- 

tion of he Carolina, Clinchfield and Ohio Railway. a 

Fe bs For the thirty-three remaining years of his life, Mr. Doane maintained his 
‘office in Meadville under the name of ‘Walter A. Doane and ‘Son, Consulting 


Practicing Engineers. As his son, Arthur carries on n the business 

its valuable records, he perpetuates three generations of engineers by the 
name ‘of Doane in the city. of Meadv ville. 


_ For more than halt a century Mr. Doane ‘honored the writer with several ae se 


added that te ‘was still 
sing, to o prick holes in drawing paper instead of making a pencil ‘point, “a 
1 been inserted a a needle 


Pe description of reconstruction, see Transactions, Am. Soc. C. E., Vol, 
by 


erection. As a result, the iron was erected so that the fal the 
om --—«800-ft spans could be removed in three and a half days, and for the 520-f © di 
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3 On January 20, 1940, Mr. 


slight stroke, from which, in spite of his hopeful parton om he failed ae 
recover. He died on January 28,1940. oral 
He was a life member of The Renovation ‘Lodge, Free and Accepted as: 
‘Masons of Albion, N.° Y., and belonged to the Meadville Grange, in which he a A 
very active. was, as in everything else, a a faithful member of the 
- Stone Methodist Church, in Meadville, and of the Men’s Bible Class. Mr. 
Doane wrote and A crue two delightful books of poems, relating to human ~ 


, to his family, and to the surrounding country. His 


ot man. He wrote about the small intimate ‘things around ‘him, ‘we 
the importance that they deserved. He was proud o of the history 
the traditions of his home community, which are enriched by these poems. a 
‘bt Ih physique, he was wiry, strong, and active. As to character, he was 
absolutely reliable in everything he said or did, true and devoted to his family, 
his friends, his country, and his church, as well as to the engineering — 
_— fession and the > Society of which he was so proud. — Everything betoncsand A. 


Doane ever did was well and carefully done. dint 


1926. Mr. Doane is survived by their four children, Ethel Doane, Morse E. " = y 
Doane, Arthur W. Doane, and Norman D. Doane. He is also survived by a ae pet: 
brother, Dr. bd Doane; a sister, Mrs. Mae D. ‘Washburn ; a grandchild; and a 3 


Township, Pa., was his devoted wife for forty-four years. She died in = 


several nieces and nephews. lip amit fads fi, Be. 
* alt is a great achievement fa have lived a long and useful life and at the 
<x a of 85 years 3 to be esteemed ot all as among the foremost of worth- while 


= 
«The. memory of a life nobly rendered is immorta 
ole. Doane was elected a Member of the American Society of Civil Engi 


neers on September 7, 1881. He remained a ona 
for the remainder of his life. 


EMERSON, M. Am. Soe. C. 


3 Guy C. Emerson was born on March 12, 1867, at Orland, Me. He was 
descendant of Michael Emerson, who was an early settler of Haverhill, Mass. 


oat After gre graduation from the Eastern Maine e Conference aomnaan Bucks- = 
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us 
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1886 ond pemsined for three years, course in civil engineering, 


1889 the construction of the (Boston) Metropolitan Sewerage System 
: oo begun, with the late Howard A. Carson,? * Hon. M. Am. Soe. ©. E., as 
a chief engineer, and Mr. Emerson was given work on the engineering staff, 
e a. He found this more to his liking than the » completion of his course at M. L. T; 
ie remained on ‘the SePCENED work as rodman, assistant, transitman, i in- 


Boston ‘Transit it Commission, ‘charged the construction. of the 

lin America. Several o of the 

ant engineers who had employed on. the Metropolitan. ac 
one Mr. Careon,. among them Mr. Emerson, who became assistant 
engineer in n charge of inspection, Throughout the construction of the e origi 


be 


Since the work was s the first of its kind e ever in the United States, many 


much of the credit for wong out various methods 
of procedure adopted i in prosecuting the work. Haw bil 
On the completion of the original subway in 1898, the engineering staff 
=. was disbanded, and he entered into a partnership with the late E. A. Clark, — 
with the idea of conducting a contracting business. nit This partnership con- 
tinued for about two years, but did not obtain any contracts of significance. as 


2) 


ote 1900 Mr. Emerson was appointed ‘Superintendent of sewers of the City 
of Boston. . At that time all the public works activities of the « city were under te 


-_ control of a superintendent of streets; the late B. T. Wheeler, M. Am. — 
ec. C. E., held the office at that and Mr. was in charge of the 


Following a change i in n administration | in 1902, he was replaced, but soon 


é "Company and had change of plans, and specifications 
under t the St. _ Lawrence River and subways in ¢ city streets. This work lasted 
aoe. d abgut a “year, after which he returned to Boston and maintained a1 an 1 office as 
consulting engineer for about two ears. 
August, 1906, he became cons ruction for the Bureau o or 
Reclamation, in charge of one of the original units of the Shoshone Project, os 
located at Powell, Wyo. work in charge was the so-called Corbett 
‘tunnel, miles long. In addition to the engineering work, it 
ae xa necessary for him to act as police chief, postmaster, town clerk, and town — 
| i _ treasurer. e It has been said that his official connection with the Bureau of 
Reclamation in its early days was a contributing factor in the necessary 


i pioneer work to the program. ‘The fs “town 
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MEMOIR OF JOHN: FARRIS 


result, typhoid fever became in 1 the camp, , and Mr. Emerson was 


“position in December, 1907, and returned to Boston. al elood 
Ss _ After recovering his health, he was appointed in 1908 as superintendent of Sees: os 
streets of Boston, but after a year or two a change of administration ‘resulted 
his giving up this ‘position. Soon thereafter he was” appointed as consult- 
ing engineer to the Boston Finance Commission which, under a new = @ 

charter, had then been established on a. ‘permanent basis, in succession to pee is 

temporary body “having the same title, which had completed a. 

investigation of the operations of various city departments. This work did 
not require all his time, and he was able | to take other employment. — Durir 


the next few years he had some other professional engagements, and — 


time to time he was consulted by other or municipalities » seeking advice | with 
methods and policies. Perhaps the | known of 


his engagements, other than for the City of Boston, was as engineer: of “a 
special “commission appointed by the Massachusetts Legislature in 1912 to 
_ investigate the: ‘water’ ‘supply needs of certain cities, especially Salem ‘and 


4 Beverly. He continued in the service of the Finance ‘Commission until “a 


Mr. Emerson’s ¢ engineering mind was distinctly of the ¢ constructive 


c 


creative type rather than of a theoretical character; that i is, he was inclined to 
interest himself i in the creative aspects of engineering rather than in ana- 


lytical and research investigations, and it was in this field that he met his 
a am, ) was a member of the Boston Society ly Civil Engineers and the New 
‘England Water Works Association. He was interested in the early 
of Boston, and was a life x member of ‘the Bostonian Society. 1 He y was so a 


Emerson was elected. a Member of the American Society of Civil 


 & 


John Farris: was the son of William and Susan Ciiaes) Farris, who | can me 


shew 


America from Ireland when they were children. 2 He was boris in Fenni- 


ore, Wis., where he spent his boyhood and received his early education, 
Memoir by W. Nance and Carl J. Jacobsen, Associate Members, 


— 
aS 
ff. 
Lee 
ly 
— 
is 
3 “wa J 
0, gXWh 
Be 
— 
— 
— 
| 


IR OF JOHN FARRIS 


_ His first position was as instructor in science and mathematics in the high 
schools of Wis. In 1905 he e entered the University of Wisconsin, at 


then joined ar an as a ‘partner in the Farris Com | 
pany, with offices in Pittsburgh, Pa, and Gharleston, W. Va. The firm en- 
es gaged in bridge construction in Pennsylvania, West Virginia, Maryland, and 7 


oe During 1908 and 1909, Mr. Farris attended the University of Pittabenh 


g and received the degree of Civil Engineer. While at the University he de- 


- signed a set of standards for steel highway bridges varying (in 5-ft lengths) is 
40 ft to 200 ft, with both varying loadings and widths of roadways. 
ae iS In 1 1915, he became president 0 of the F arris Engineering Company, which | x: . 
company has been active, continuously, in 1 bridge construction in the Tris 
State territory (Pennsylvania-Maryland-West Virginia). Also, since 1927, 
he was president of the Mausoleum Construction Company, builders” 
ag of Mount Royal Memorial Mausoleum, the first and largest. 
a as a public servant, was a past-president of his local section of the “to 
Society of Civil Engineers and a member of the Pennsylvania Society of Pro- 
‘a _ fessional Engineers. At the time of his death, he was serving his third year Be “fe 
as a member of the State Board for Registration of Professional Engineers in 
of Pennsylvania, and his second year on the Board of Governors of the Con- 
During his extremely active career, Mr. Farris _Teceived consultant 
pointments on ‘bridges: and buildings un under three state administrations; and ir 
ss > at the time of his death he was engineer for the General State Authority on = se 
the Western State Psychiatric Hospital i in Pittsburgh, , completed in 1939. 
= ‘Hey was s always loyal to his native state and its university, was twice presi- a 
a = dent of the University of Wisconsin Alumni Club of Pittsburgh and repre; a. 
me ye sented the University in local activities. Since the death of his father in i ve 
1999, he had taken over the old family ‘homestead near Fennimore and operated er 
a a modern a dairy farm with a herd of registered Jerseys of which he was justly ag 

life was also an active field for his talents. was a Thirty- 
4 Degree Sc Scottish Rite ‘Mason, a Knight ‘Templar, and ¢ a Shriner; he. 
01 
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ind 2 a ‘Member on May 12, 1919. 
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TRACY FISHER, M. Et Ma 


Howel 


of Howell Fisher and Charlotte Anne (Sheafe) isher. He attended 
pr rivate ‘and public schools and was graduated from - Pottsville High School. s rf 


Anthracite Geological Survey of Ponubiylvienta:’s and a name is upon a great 
a” many of the sheets of the map of the anthracite « coal fields. In 1888 and ‘30 
2 he served in the engineering department of the Susquehanna Coal Peter 


Bad Wilkes- Barre, Pa., and from 1889 to 1891 he was city surveyor of bnrverwl 


reports for the Anthracite Coal Waste and compilation of 

_ geological map of Pennsylvania. - From 1893 to 1898 he was employed by ie 

A. B. Cochran and ‘Son, civil mining engines: and boroug gh surveyors 

hd une, 1898, he took with the U.S. Board of Engineers and 

; worked oh eellaitah and surveys for a canal for ships from the Great Lakes 

to the Atlantic Ocean, on surveys in the Mohawk Valley, New York, and on e on 

reports in ‘Detroit, Mich. He became associated with the Isthmian Canal 

Commission i in J uly, 1900, and was as occupied, in Washington, D. C., on on draw- 
_ ings, maps, and estimates of cost of the Panama and Nicaragua canal routes. Rs 7 
From January, 1902, to August, 1902, he was assistant engineer of the Denver i at: 
Union Water Company on construction of Cheeseman Dam, , in Colorado, . 
then the highest stone arch dam in the world. In August, 1902, he became 
irrigation engineer of the U. Geological Survey in charge of reclamation 

Bervice of the Grand River Canal Project and cadastral surveys in the Gunn- 
Mr. Fisher became emittant engineer of the East River Division, 
-sylvania, » N New York Long Asland Railroad Company, and the ‘Pennsyl- 
vania Tunnel and Terminal Railroad Company, in Ja anuary, 1903, and was 
engaged on the construction of tunnels under Long Island City, N. Y., and © 

the East River, New York, N. Y. hb February, 1909, | he became + 

to Henry F. Dose, Soc. C. E., in Washington, D. on Plans and 

estimates fo for ‘a railroad in Guatemala, and during and 1911, he 
employed by the Delaware, Lackawanna, and Western Railroad Company «| 
on ‘mths construction of a cutoff line in New J Jersey. He was appointed tunnel - 

engineer with Mackenzie, ‘Mann and Company, Ltd., and the Montreal Tunnel 

a and Terminal Company, Ltd., .. in April, 1912, and worked on the design i 
construction of | 3% miles of tunnel under “Mount Royal for the Canadian 


4Memoir prepared by J. Howell Bsq., Philadelphia, Pa. 
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Pe From 1915, to 1917 Mr. Fisher was in private engineer’ ing practice in New 
a York City, ‘but in the spring of 1917 he took the position ¢ of resident engineer 2 
= the Federal Ship Building Company and superintended the construction _ 
steel on the Hackensack River. After ‘completion of the shipyard 


ity ‘til the spring of 1919, when he 


After his retirement engineering practice, Mr. Fisher became 
etd in art. He took up painting and without any previous training z 
or experience did very creditable work in ‘oils. and water colors. In _Tecen 
years he had specialized in miniatures, ‘and for ‘the “two years prior to his 

"oak he was secretary of the Pennsylvania Miniature Society. | Mr. Fisher 

was also a ‘member of the Pennsylvania Historical Society, and fowndil time, 
in a very busy life, to write a book on the genealogy of his family. J This book - 
was “presented to the Pennsylvania I Historical Society. oF 


Mey ‘Fisher was married to Lucy on Ju une 11, 1913, and 


on November 6, 1938, an 
Mr. ‘Fisher will be by were privileged to him 
for his attractive and | gracious personality. was fortunate in arousing 


Civil Enginsets on November 1, 1905, , and a Member on J January t 1913. ie 


wath avhaniden W ai bis 0 L. net > 
“LOUIS: PREVOST GASTON, M. Am. Soc. 2g 


Louis Prevost Gaston died unexpectedly at the home of his daugh-— 


“ter, Mrs. Milton L. Cornell, at Sea Bright, N. J.5 he was seized with ¢ a at 


Gaston was born in 1 Somerville, N. J., on October 17, 1864. Hts 
was s Hugh M. Gaston, a former prosecutor of Somerset County and a civie ie & 


é leader at it the » time of the Civil War. 1 His mother was | Frances | Mallet- Prevost. — 
& Gaston inherited French Huguenot ancestry on both sides of his family, 


as well as some Scotch lineage on his father’ ssid. 
early education was received in the chools; nd was 
awarded his Bachelor’s Degree from Lehigh University at Bethlohert Pa, 
a 1888, and his s Civil Engineering Degree from the same institution in 1989. mie 
His first ‘position was with Cofrode and Evans, general contractors, Tt 
ae whom he was engaged from the - year of his graduation until 1896. He i e; 


sisted i in the construction of various railroad ‘projects, and designed and super 


a Memoir — by H. G. Van der —. President, Richards & Gesten, Inc., Somer 
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MEMOIR or PREVOST GASTON 


and Western Railroad at t Edgewater, N. 
From 1898 until 1900 Mr. Gaston made examinations and submitted 
ae | ports on numerous water power developments, including the Great Falls as ig 

Catawba River, in South Carolina, Lookout ‘Shoals, in North Carolina, and 


mature professional career was devoted essentially to the contracting 
on of Richards and Gaston which was organized i in 1900, and with which he 


was associated in an advisory | capacity at the time of his death. The first 
large contract awarded to the firm was the repair of flood damage and the ee 
construction of bridge piers and abutments for the Central Railroad of New ae 

Jersey at Glen Onoko, Weissport, and Allentown, Pa. From 1905 until 1910 Ss 
“t the firm was particularly engaged’in the construction of bridges, lakes, and 
‘ ornamental « concrete for James B. . Duke, President of the American Tobacco — 


ey In 1910 the Partnership of Richards and Gaston became a corporation | with aa 
‘Mr. Gaston as president, ‘a position he held until his retirement from 


duties in November, 1925. While he was president the corporation com- 
pleted railroad | contracts amounting to more than $2,000 000, including 
elevations : for the ‘Central Railroad of New J ersey at Cranford and 4 q 
ville, four- tracking of the Reading Railroad from Weston, N. J., to Belle Mead, ks: 

ae 3.3 additional tracks for | the N ew York Central Railroad at Staatsburg and i a 


Poughikeepsi, Beh also bridge and track changes for the Lehigh Valley 


 Tersey State Highway bridge and ad construction amounting tc to more than 
$1,000,000, and constructed roads, sewers, and dams for counties and munici- a 


‘Mr. Gaston and his partners formed t the Lakewood Se Sa nd of Lake- 


aston as president, a position he held until the business was sold in 1921. Ps i 
t one time this company was the main sup plier of sand to dealers’ along the SS 


| 
= ral Railroad of New Jersey, and this railroad as well as the State of New’ a 


de ersey used this sand in its: concrete construction. 
r. Gaston’ designed and patented a narrow-gage railroad dump car “(The 


Eastern Dump Car) for the use of contractors. He organized a company to 


build these cars, and many were sold to sand and gravel producers. Others 
were used for coal stripping and. contracting in the eastern part of the United 


‘States and in South America, 
While Mr. Gaston was known and loved in Somerville for | his. participa- > 
tion 1 in community ‘affairs, the full extent of his qu quiet philanthropy was ‘known cm a “ma 
| to himself. Chief among his interests was the Somerset Hospital, in a 
| Somerville, to which he gave generously of his time and means. . During the 
later years of his life he was interested in the development of the Somerville oe f 
Park lands , and one section of this area was developed and equipped at his 
expense. He was also President of the Somerville Savings gs Bank, and a: mem- *: 
_ ber of the Board of Managers of the New Jersey Sanatorium for | Tuberculous ie 
F Diseases at Glen Gardner, 
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MEMOIR OF oF GEORGE GIBBS 


———- _ Sharon, Mass., the daughter of the late Edward Stanley Safford, M. Am. Soc. 
as 2 % ie E., and a member of the first graduating class of the Massachusetts Insti- | 
tute of Technology. She survives him, do two sisters, £¢ four children, and 
the Mr. Gaston was elected a » Member of the American Society of Civil Engi- a : 


VA 


‘ia i. ave _ George ( Gibbs was born in Chicago, Ii, on April 19, 1861, the son of Francis = 
8. Gibbs and Eliza Gay (Hosmer) Gibbs. He came family of English 
a descent, his first American ancestor being James Gibbs who came originally < 
from Bristol, England, and settled in Rhode Island about 1660. His family 
identified with the history ‘and growth of Newport, R.L, from the earliest 


tl =f times—dating from a few ‘years after the purchase in 1638 from the Indians ra 
J 
by Governor Coddington of ‘the Island of Aquidneck, as ‘Newport was thm 


Ca called. James Gibbs and his wife, Sarah, settled in Newport and later a 


Ay to Bristol, George Gibbs we was the fifth descendant in the line of this 
By ‘Rhode Island family to bear the name e “ George.” 


— George Gibbs’ great-grandfather, George Gibbs IL, was a merchant | 
in trade with the West Indies, China, St. ‘Petersburg (later Petrograd, U, 8 pe 
S. R.), and the 2 Mediterranean, and controlled a large fleet of vessels operating 
: . out of Newport. He was married to Mary Channing of the Rhode Island fam- — 2 | 
ily of that name. George Gibbs ‘i, grandfather of George Gibbs, was 


voted to scientific studies and acquired a very fine collection of minerals, , later 
in the possession of Yale University at New Haven, Conn. He was married 


re) ‘Laura Wolcott, the granddaughter of Oliver ‘Wolcott, Secretary of the ‘Trea- 


sury under George and John Adams, and « one of the signers 3 of the 


of his life in the grain exporting badness His later ‘eee were spent 4 


New ‘York ‘City and Nyack, ips 


Bie ta In his book entitled, “ ‘ The Gibbs Family of Rhode Island, ” Mr, Gibbs (the ; 


re 

Throughout a long active life I have been fortunate in having 


sg sith good friends and owe much to the careful bringing up by a good mother 
ey >, who taught me the importance of faithfulness in the performance of re 4 
‘sponsibilities. Inherited qualities determined the direction of my career = 

* Memoir prepared by E. E. Rowland Hill, M. Am. ‘Boe. cE ant) 
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and these leanings took the form of a fondness for engineering in Mr. Gibbs’ ie: 
ease. He was graduated in 1882 from Stevens Institute of Technology, at Ho- — 

<a ‘boken, N. J., one of the earliest engineering colleges in the country. He was ot 
among the first of its graduates. The first work he was able to secure after 


graduation was as as laboratory assistant for Thomas A. who ) presently 


a Pearl Street, New York. Later he became chief chemist of the Oxford : 
Nickel and Copper Company at Bergen Point, N. J. 


pe _ George Gibbs’ railroad career began in 1885 when, through Roswell Miller, 
; an intimate friend of his father’s, he was offered a position with the Chines, 


Milwaukee and St. Paul Railway Company to ) organize and take ree of a 


advanced to the position of mechanical engineer ‘ond was placed in charge of ees 
all machinery, locomotive, , and car designing, in addition to his duties as chief 
he the Department of Tests. In this capacity he became particularly interested (Gi: 
in advancing safety in railroad operation. To this end he devised, after some Ng 
experimentation, a practical steam-heating system for trains and this, when 
put into effect, made the St. Paul Road a pioneer in safer ome better cain 
heating. For more complete Protection of trains from fire, after elimination _ 
: of the coal stove, it became necessary to abolish the use of the kerosene lamps 
for lighting cars. To this end Mr. Gibbs designed a system of electric lighting = 
for heavy through trains that proved a | great 8 success al and came into extensive — tiny 
use on the St. Paul Road. During these years he was active in conducting | vi 
tests of brakes for freight trains, improving signaling systems, ete., and he — 
; patented numerous inventions, notably in the direction of safety appliances. = 
i, While | with the railroad Mr. Gibbs, with his brother, Lucius, organized the — 
. Gibbs Electric Company of which he was president. This company devised 
g and manufactured a practical line of electric motors for general factory use. = Mt 
During: these activities in the West, George Gibbs became acquainted with _ 
two very prominent men in industry, the late George Westinghouse, M M. oa 
2 Boe. C. E., famous inventor of the air-brake and manufacturer of steam and — 


wins machinery and railway signaling equipment, and Samuel M. Vauclain, — 


Am. Soc. C. E., of the Baldwin Locomotive Works, Philadelphia, Pa. These 
_ men had come to the conclusion that heavy electric traction might soon be a ee! on 
~ possibility and might become of great importance iz their manufacturing fields. oe 
4 At ‘Mr. Vauclain’s suggestion they accordingly arranged with Mr. Gibbs to — 
come associated with them in the development of electric locomotives, and to - 
make this arrangement possible Mr. Westinghouse’s company purchased the _ 
Gibbs Electric Company. Gibbs established residence in Philadelphia in 
8 
this new and dual capacity. oper thus became more intimately associated with - 
Gere Westinghouse. For the Westinghouse and Baldwin companies Mr. 
. Gibbs developed the low-built type of electric locomotive for restricted head- 88 
“4 room service in mines, which has become standard in America. = £ 
While thus engaged Mr Gibbs was asked also to represent the Westing- 
house 
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few years” (1900-1902) chief engineer the Westinghous 
Companies i in England and on the Continent. He made many trips to Europe. “a 
ie. in connection with electrification projects for the Metropolitan Railway (Inner — 
at Circle) in London, England; Mersey Railway in Liverpool, England; and “ 
certain. of the tube railways i in London; and also was consultant for the ° Paris iy 
period 1902 to 1906 was one of great development in terminal 
building and heavy electric traction in the vicinity of New York City, a ad 
ae ‘during this period George” Gibbs was first v ice-president of W 
Kerr and ‘Company, then an outstanding firm of engineers. This 


position enabled him to take on independent consulting work, and he served 


i Sa as a member of the Electric Traction Commission of the New York Central ae 
g 4 a Railroad Company in connection with its new Grand Central Terminal; was 


ange traction system ie equipment for the Long Island Railroad Com oe 
4 =. pany; and became consulting engineer for the Pennsy lvania Railroad Com- — 


pany. In 1905 George Gibbs was appointed chief engineer of Electric ‘Trae for 

tion and Station Construction for the Pennsylvania Railroad’s: New York 

a. nn. Tunnel and Terminal Line then being constructed and a member of the Beard = Ne 
a a of Engineers responsible for this entire improvement. This service continued | .™ 

until the completion of the station and terminal li lines i in 1910- pre 
_ Mr. Gibbs’ interests in promoting the maximum of safety on railroads led 
< ag him, in connection with his work for the New York subway, to design and -,. 

patent the first all-steel passenger car ever put into practical use se on a ‘railway, Ap 

a revolutionary idea at the time but one which he regarded as essential for 

high-speed tunnel and underground operation. The Subway Company adopted 

i a his plans and had built initially 300 cars of this new type. e. The Long Ialand y 
Railroad Company also adopted it for its new electric lines in Brooklyn, N. af 

3 as did the New York Central Railroad Company for its Park Avenue tunnel 
line. The Pennsylvania Railroad Company, in view of the success of cal 
_ eis new car, determined to bar all wooden cars from its New York tunnels and | 
a es station, a far- reaching decision which meant the adoption of the steel car ® 
— whet. its system-and ultimately on all American railways. 
To continue in the electric traction field after the completion of the Penn- 
sylvania Railroad Terminal, early in 1912 George Gibbs and the writer, who 
Bt: ae had been closely associated on heavy electric traction deve elopment and related fi > bs 

= ee projects since 1898, formed a partnership for conducting a general engineer- i 2 

ing practice. This firm, later incorporated, has been responsible for 

execution of much of the important electrification work on American rail 
ways. Such installations have included the electrification of the Norfolk and on 

ps oS 4 Western Railway and the Virginian Railway, mountain n grade heavy coal and ° 
a freight haulage lines—50 and 130 miles long, respectively ; extensive additions 3 ou 
and changes to electrification equipment and power plants of the New York, 
= Haven and Hartford ‘Railroad and ‘the ‘New York ‘Connecting Railroad 
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Hell Gate Bridge I Line); . the Chicago ‘Suburban of: the 
Central Railroad; and the suburban lines of the Pennsylvania Railroad in the 
vicinity of Philadelphia, and more recently the electrification of all through 

‘passenger and freight services of the Pennsylvania Railroad between New 
- York and Washington, D. C., and to Harrisburg, Pa. The Pennsylvania lines ae: 

thus electrified comprise 670 wifted of route and a power load of 200,000 kw, a 
. and involved a cost of more than $150,000,000; the line operates 260 electric 


locomotives and 500 multiple unit cars. There also have been consulting or 
designing engagements for public utility companies, city 


oy lines, and public service commissions, including the Public Service ea me 


Commission of New York in connection with the dual subway transit system. i 
_ During the World War Mr. Gibbs was a member of the United States Gov- by 
‘ernment Advisory ‘Commission : of Railway Experts to Russia, and | spent seven 


"transportation facilities. This involved the examination in detail of the 30, 000 
miles of railways in n European and Asiatic Russia. Later Mr. Gibbs advised 
- the Ministry of Transport of the British government on electrification projects 
for lines radiating from the City. of London. 


- Norman Medal in 1912 and the Wellington Medal in 1931, Mr. Gibbs was -. a 
42 _ member of the British Institution of Civil Engineers; member and past- ee ss 


3 " president of the American Institute of Consulting Engineers; Fellow of te 


+ 


Foc Institute of Electrical Engineers; a member of the American Soci- I 


ye: In addition to being a Past-Director of the Society, which awarded him the a 


ety of Mechanical Engineers, the American Railway Engineering Association, 23h 
erican Railroad Association, and American Mathematical Society. He ce 


was the author over -a period of many years of numerous technical pabers 
a? 
in the Proceedings of the societies and | the press. er 


In the non-technical societies Mr. Gibbs’ 1 membership included Descendants 
af the Signers of the Declaration of Independence (great-great-grandson of | . 


Oliver Wolcott), Society of the > Cincinnati, and numerous charitable and edu- ue + 


cational institutions. He was a member of the Board of Trustees of Presby- 
terian Hospital (Columbia University Medical Center) and vice- president “t 
_ chairman of the Executive Committee of the Woman’s Hospital, New York, 
Ona, Gibbs was a Life Trustee of Stevens Institute of Technology, his alma 


 Inater, which in 1930 conferred upon him the honorary degree of Doctor of Fibs: 


Railway Commission to Russia; for many years designer and constructor 
pe of equipment mainly electrical, for the intricate surface, underground and i 
ee. underwater arteries of travel that serve and control the concentrations of _ 

is peoples and industries in the centers of population of this and other coun- 

F ei tries; human servant of the public through his effective participation in 

the direction of two great hospitals ; son of this college who has ‘brought 


to it honor and affectionate service.’ 


Gibbs’ clubs included: The Century Association, New Union, 
University, Bro ok ong ‘Downtown, } New York, Rittenhouse, Philadelphia, South * 


the all-steel car; the Great War a member of the Daited States 
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(1844 or ‘RALPH EDWARD GOODWIN 


s aa excel i in the quality of the things he created and i in this he possessed masterful : 
= 


skill, balanced and farsighted judgment, and persistence in carrying through 
+ ‘an a “at to ultimate success the thing he believed to be the best in any situation. There 
- Pg was courtesy, charm, and dignity in his associations with others, both in Dro 
+, fessional and personal relationships; he had a fondness for art and music, 
being a regular attendant at the opera and a frequent visitor to the centers of 
culture abroad ; he a keen sense 0 of of humor an and enjoyed, for recreation 
and change, 1 nature’s open spaces of forest, stream, and sea. to 
Mr. Gibbs was not married; he was devoted t to his brother sisters and = 
elected a Member of the American Society of Civil 


RALPH EDWARD GOODWIN, M. Am. Soc. C. 


Ralph ‘Edward | Goodwin born in East Hartford, Conn., on September ber 
a 26, 1886. He was a descendant of Ozias Goodwin who went to Boston, Mass, — 


c from England i in 1632, and through the wilderness to Hartford with Thomas 


> — Hooker’s first party in 1635. oe ohn | Goodwin, in the direct line of descent, 

= as went to East Hartford in 1697 and acquired the land on which Ralph Ed- | 
ward Goodwin was born. Ralph and two sisters were the children of J Joseph 
a Olcott Goodwin and Harriet J ane . (Spencer) Goodwin. The father w: was s town i 
of East Hartford for more than 48 years. 
a a As a boy, Ralph Goodwin attended Miss Loomis’ | Private school an and Lond 


Hartford Public High School. received his Bachelor of Arts ‘degree 
; Yale University at New Haven, Conn., in 1908, and then entered se 


Scientific School, from which he was s graduated with a Bachelor of Philosophy 


= i a ‘degree in 1909. He was an excellent student, and at Yale was honored > 
election to the Phi Beta Kappa and Sigma Xi fraternities. = 
Goodwin’s first professional work was as a rodman with a ‘United 


‘States Government Survey party along ‘the Connecticut River during the 
a ea summer of 1909 but i in the fall he returned to Sheffield Scientific School as 

He taught several civil engineering courses at Sheffield during the next 

: = ica __ two years, and i in turn, as he he said, “these years as assistant in civil engineer- ai 

taught me to work mercilessly without: thought of reward and also 


Sy me in line for the degree of Civil Engineer, which I much coveted.” © In June, eS 
= at the end of this period of training, he joined the New York Central a 
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ad Hartford Railroad a in 
transitman | on a variety of surveying and mapping work. He felt ‘that his 
pay was not sufficient to permit him to buy life insurance and, as he expected 
to be killed on the tracks before he could get another increase in salary, he left — be, as 
“the company in March, 1912. From that date through | May, 1912, he was _ cs 
temporary assistant engineer with the New York Board of Water Supply on E 
- the New York City pressure tunnel. . He gave lines : and grades, kept Progress _ 

ie. 

_ records, and had supervision over dynamite. On ‘this job he gathered ma- 
“terial to complete his graduate thesis, and he obtained the degree of Civil 
from Yale University i in 1912. sid sition 
_. While serving as assistant at Sheffield ‘Scientific School Mr. Goodwin — 
formed his decision to become a . teacher of civil engineering, and true to ‘this ss 
“abjective, in June, 1912, he accepted the position of assistant in civil engi- 
neering at Columbia University, New York, N. Y., and began his work by 
teaching at Columbia’s Summer ‘Surveying Camp. Throughout the school 
year in his work designing and detailing experimental columns for the re 
ing laboratory, Mr. Goodwin furthered his great interest in column theory y 
“amd design and subsequently prepared a brochure on that subject. _ For the — 
- gummer of 1918 he returned to Yale University as instructor in charge of 
and mine claim ‘Surveys and office work for mining engineering 


_ Thereafter ‘Mr. - Goodwin turned again to professional work for a ‘period. of oo 


nine years. For the first three and a half years he was a junior engineer in Roel 
_ the Division of Materials Inspection of the New Yo rk State Public Service 
Commission in New York City. He had charge of the inspection of concrete _ 
"aggregate and of the physical testing laboratory which he equipped for test- fos 
ing and inspecting concrete and | aggregate for subway a and elevated railroad ne. 


in New York City. For one year following this Mr. 


‘ was.an estimator for the Chile Exploration Company of New York City and a 
prepared quantity and ‘cost estimates ‘and wrote specifications for construc- 
- tion materials for the living accommodations and public works of a South bee 
American mining plant. 4 From April, 1918, until May, 1922, he served with 


the ‘United | States Board in the Hull and Machinery Departments 


as an inspector of construction and repairs on vessels. 


a In November, 1922, he returned to teaching as instructor in drafting and — p) 


“ mathematics i in the Veterans’ Vocational Training School at the College of the 
of ‘New ¥ York; and in 1923, he joined | staff of ‘the School 


4 and for years directed the Summer sein Camp at Van Cortlandt a 
‘and all course work in strength of materials. At the time of his death he 
was secretary of the School of T Technology ‘Faculty and d also of The City Col- ; 


lege Faculty Conference, a a member of the Committee on | Appointments of 
the Civil Engineering ‘Department, and program at and curriculum | adviser to ke 44 


engineering students. the countless other tasks which he did vith- 
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MEMOIR OF -COTSWORTH GOWDY 


in the Schoo! of Technology helped to raise its level of achiovensiill 
influenee to a high position. . He wrote. a text book entitled “ Advanced 


Strength of Materials and Structural | Design ”; manuals for Materials Tet 
(eae ing Laboratory, and for First and Second Summer Camp Surveying; and 


2 brochures on least squares and on column theory and design. Throughout his 
ae "professional life he contributed many papers and discussions on technica) — 
‘subjects to civil | engineering periodicals. “ba 
ae oe | Within: the range of his specialty, Professor Goodwin was s a master. in ie 
J creative way and, along with his strength in science and its applications, he 
aie was also a master of that rare art of conveying knowledge i in a form and man- 
‘= bite 4 ‘ner suited to the students’ powers of assimilation. He further possessed wide g 
a general knowledge and interest in all human activities, particularly those of 3 
Special distinction came to Professor Goodwin through the trust reposed : 
ce... integrity and through his willingness to be of service. He won the 
and esteem of the entire school and of its graduates, thereby. gain- 
woven with the lives and experiences of those 
ae bred knew him. He was quiet and unassuming in manner, but independent 


in thought; and his capacity for calm, unbiased judgment caused his advice 

be much ‘sought after: These qualities, together with his sincere and 

friendly attitude toward all, won him great affection and respect. i aor Bx? 
a on 1912 Mr. Goodwin was married to Gilberta Hopkins Daniels, daughter 

of Prof. Archibald L. Daniels of the University Burlingtoa, 


ltrs. H. A. Preston). a 
No finer tribute could be ex memory than 
‘that voiced by several of his friends on les learning death: “He was the 
Dest one among u us; surely if all men were as tolerant, as kind and as as truly 

able as he was, the way to Utopia might be found.” = = = = | 

Professor Goodwin was elected ad unior of the American Society 
on October 1912; an Associate Member 0 on 1918; and 


PPA 


> evidence of how a young man were the opportunity of a ‘a college 


cation can, by energy and ambition, qualify himself ‘an engineer, Mr. 


= 


vit 
-Gowdy’s early experiences are given in considerable detail. 


eae _ Roy Cotsworth Gowdy was born in Washington, Iowa, on ‘September 3 
ead Ss 1878. - He was a son of Leander Harper Gowdy, who was born in Monmouth 
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“MEMOIR OF ner COTSWORTH GOWDY 
who was born in College Springs, Iowa. 
a was of Scotch descent on his father’s side’ and of English descent on his = 


mother’s side. | When he was four years of age his family moved to » Colorado 


_ Springs, Colo., where he received his early education in public schools, graduat- 


d sing from the high school in 1896. He then attended Colorado College, at 
is a Colorado Springs, for one year, but discontinued his courses b because of ill a _ 
al health. Thirty-nine years later, in 1935, ‘upon presentation of a thesis, , he re 
 eeived idle’ of Civil Engineer from the University of Colorado, at 

he Like most embryo engineers 8, Mr. Gowdy seems to have been an opportunist. 
m 7 Gis early ex ; stakeman, axman, and rodman, perf d under 
» | y experience \ was as sta eman, axman, and rodman, per ormed un er 
direction of H. Reid other engineers and surveyors it in the area con-— 
tiguous tc to Colorado Springs. In 1899 he employed by the Colorado 

Springs and Cripple Creek District Railway Company as calculator with a 
locating party, making surveys for a standard steam railway between those 
“aa points. Subsequently he | became a rodman and instrumentman on the con- 
struction of the line. ‘His connection with this company continued inter- 
ice *) doing minor engineering work for various engineers. _ He was then en- 
nd ? gaged i in similar capacities by the Denes, Northwestern, and Pacific Railway ~ 
et a Company (Moffat line) during its survey and construction. _ This engagement — 
ter was terminated in 1904, trob-eid bie nt 
Mr. then returned to the Colorado” Springs and Cripple Creek 
sie “District Railway Company where he was employed as draftaman and assistant 
— engineer of 1 maintenance of way. He remained with that company until a 
the summer of 1905 when it was purchased by the Colorado and | 
Railway ( Company and its engineering department was discontinued. This 
w" a work was followed by employment by E. C. van Diest in Colorado Springs as . i ¢ 
After his preliminary training in subordinate positions, which had been 
2 q "supplemented by ‘outside reading and ‘study, Mr. Gowdy attained his first es 


‘portant engagement | on April 21, 1906, when he was employed by the Ft. 


Worth and Denver City Company, an affiliate of the Colorado and 

ye 7 Southern Railway ‘Company, as engineer in charge of the design and con- 

struction of a freight terminal which it was was building» in Fort Worth, Tex. 

ee This work was important in that it involved responsible charge in the field of iad q 


those m many details which must be carefully and progressively worked out te 
‘construction of that kind. It 2 also involved considerable designing, under the - ‘ae aa 
general direction of the late Herbert W. NV. Cowan,’ M. Am. Soc. C. E., who a oe 


= 


at that time chief engineer of the Colorado and Southern Railway Company. 


Mr To be associated with Mr. Cowan was an honor as well as a privilege. 

h Novéinbe r, 1906, Mr. Gowdy was appointed resident engineer of the F ‘ort 
Worth and City Railway Company, in 1 which capacity he had charge 4 


id 

le. = 
| 
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“1908 he was appointed chief engineer of that company and of 
= - Wichita Valley Lines. In this capacity he had charge of all” engineering 
matters for both companies. During this period, and up to 1918, the work 
a- which Mr. Gowdy performed 1 was largely the general routine of railway main 
es at = tenance of track and reconstruction of bridges and other structures, a 
which were depots incidental buildings. Following: a fire at Childress, 
 Tex., , Mr. Gowdy had charge ‘of the ‘construction of a new plant, indediae 
locomotive and car repair shops, roundhouse, and other facilities. 
: ~~ In 1918 the United States Government took over the operation of all the 
" — lines in this country as a war measure. Following this change of ad- ae 
"ministration Mr. Gowdy served for a a few ‘months as division engineer under 
the late Frank Merritt of Galveston, Tex., for a group of lines in northern @ 
Texas. However, in August of that year he resigned from that position to Ss 
become cor corporate chief engineer o of the Colorado and Southern Lines, which 


_ included the Colorado and Southern Railway Company, Fort Worth and Den- oe 
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in Colo. This ‘connection continued ‘until the railway 
ee | properties were returned to their owners by the government on ‘February 29, ee 


: 1920, after which Mr. Gowdy was chief ‘engineer of the Colorado and Southern 
ae _ Railway lines, including the Fort Worth and Denver City Railway, with 4 


offices i in ‘Denver and Fort Worth, until his death. 
In 1909, by purchase of a majority of its stock, the Chicago, Burlington 


ee and Quincy ‘Railroad ( Company acquired | the Colorado and Southern Railway ut 
¥ 24 and from that time forward gradually ‘assumed ‘direction of it and. its sub- oy 
sidiaries. However, this did not affect Mr. Gowdy’s authority except that he 


“a was in frequent consultation with the officers of the Burlington, and conforme 


_ to its general policies and budgetary control. | 
Gowdy’s duties were largely in accordance with the ‘general 
re 


of railroad administration. _ They included improvements in alinement, re- 


- seeking to procure the approval of the Commission of reser new lines or the rf 


abandonment of existing standard-gage and 3 narrow-gage lines. 


2 Some important exceptions to the ro routine are certain major constructions 
a 3 which drew upon his powers of judgment i in location and designing, and abil- 
ity in the letting and handling of large contracts. _ These are probably de- a 
seribed better in his own words: pre: > ota! odd to 
ent “ During the earlier years of their existence, the Fort Worth & Denver 
City Railway Co. and the Wichita Valley Lines enjoyed almost a 
plete monopoly of the territories in which they operated. This condition 4 
10.4 was due in part to the large areas of ‘ the northern part of Texas which had 3 


been agriculturally, and in part to the natural 
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State towards the Colorado River, and separating 
e. - Plains country from the drainages of the Red and the Brazos Rivers. a 
and more serious ones for the location and construction of railroad lines. 
Pate Opening of the South Plains territory to agriculture brought with it the 2 
on - construction of railway lines from the north and the south, which seriously 
Bs menaced the tonnage handled heretofore by the Fort Worth & Denver City ti 
3 Wichita V alley Lines, and this fact, together with a desire to enter 


a new and growing country, made the extension of those lines desirable — 
and necessary. For several years I worked with the executive and traffic — 
officers of the companies in making traffic and other surveys of the large ce . 
area lying between the Fort Worth & Denver City Railway Company’s 
_ main line and the line between the States of Texas and New oy - My “ 


ent of the Canadian River began to open up and was followed by the develop- 
=H ment of what later became known as the Amarillo oil fields. These de- x 


Meo we a and the desire of my companies to procure an outlet to the Le A. 
northeast resulted in extensive surveys being made, under my supervision, 
into the southern ‘part of and the part of 


“When it was finally decided to build weaterly frous some point on the 

‘easel main line of the Fort Worth & Denver City into the lower Plains country, Be 
I was instructed to ascertain the most feasible and economical route, and — 

ba x to locate and construct a line capable of handling cattle, grain, cotton, and “eS 

- _ other agricultural products in the most economical and expeditious manner. ies Fag 
The Cap Rock, mention of which has been made above, presented the a 
rs serious difficulty in the location of a line, and made necessary a detailed “a 

i investigation of a very large area of country, and the running of many 
ve preliminary and exploratory lines before a final route was selected. | , 

pant one time four locating parties were engaged in this work, and about 1200 

Ss miles of preliminary lines were run before the final location of the 65 .- a 
miles from the main line to the top of the Cap Rock was made. = 
mai The construction of the more than 200 miles of track westerly my 
the main line of the Fort Worth & Denver City involved some exceedingly 

Ds me heavy work, and unusual construction methods were found necessary. — 

_ The broken and rugged character of the country in the area racer all 
Raa below the Cap Rock made it necessary to drive several tunnels from 200 ft. _ tes 

if Sets | to a little less than 700 ft. in length, erect long and high trestle bridges, 

eT and move a ° very large amount of earth and rock. The construction of a 

i this line was unique, in that the engineering forces located, constructed, — 

q aH and turned over to the Operating Department a working machine complete 7 
in every detail. All station, roadway, and other buildings were entirely — 12 
as completed, depots contained all furniture, stationery, and other ‘supplies — 

Se necessary, section gangs had been equipped with tools and were at work, _ 


Overcoming this barrier presented serious difficulties even for highways, 


and shop and engine facilities were in operation when the line was released _ — a 


_by the engineering forces. This project was also unique in that the line 
cat oe operated for freight service for several months by the engineering 
under my jurisdiction before it was turned over 
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feasible routes from the main line to the foot of the Cap Rock and sur- a ee 
| mounting the Cap Rock, and their cost, but I also helped in the i, fs oe 
| financial, and economic studies which were made. 
| ___“ At about the same time the South Plains country came into promi-___ See Bris 
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Ra indicate that its construction was justified and that no tarions 
errors in its location, grades, and general construction were made. 
“Surveys for lines running northerly and northwestly from the main 
/ a -_ jine of the Fort Worth & Denver City into Oklahoma and Kansas were 

= “2 carried | on at the same time the lines were run into the South Plains 


gountry. About the time the new line into the South Plains was placed in 
Se eee i operation, the Amarillo oil and gas field became active, and surveys for a %, 4 


ee _ northerly across the Praitie Dog Town and the Salt Forks of the Red — 
a ‘ River to the North Fork of the Red River, and thence northerly a 
westerly up the North Fork to the town of Pampa. Portions of this line 
ca. ae tM: were in rough country, but no unusual location or construction siti 
a ; =~ were encountered, except that the river crossing made long bridges neces- 
2 sary. The unusual feature of its construction was the time in which the 


a point on the main line of the Fort Worth & Denver City Company, 
sill 


_ work was done. With the cooperation of the contractors, the Hamilton & 


_ Gleason Company and Roberts Brothers, in a period of less than ten — 
_ months, more than 2,000,000 cubic yards of earth excavation and embank- fe 
- ment and 1,400,000 cubic yards of loose and solid rock were moved, “Pe 
-gok the same period, and while grading was under way, that firm drove ap 
-- proximately 160,000 lin. ft. of creosoted piling, varying in length from % 
ade 12 ft. to 100 ft., and placed more than 2100 MBM of creosoted lumber. — 

m ‘meal The track on this line was laid by company forces and was kept so close | 
te) 4 behind the grading that several times grading would be completed by, = ; 


J 


. Gow dy w as a 2 


= 


7 of many friends who were attracted to him by his resourceful mind and sym- 


pathetic 1 understanding. He was an upright man. 


‘His decisions were, therefore, wise and fair. He a 4 
“i 
ac 
‘xi _ Mr. Gowdy was a Master Mason and a Knight Templar. At the time ia 


death he was a member of the Plymouth ‘Congregational Church, the | Den- 
ver Athletic Club, and the Lakewood Country Club, 
hada a keen interest in professional matters outside of his business. 
‘= was | president of the Colorado Engineering Council for two years, as well as x x F 
delegate to the American Engineering Council for a corresponding length 

time. He was also a member of the American Railway Engineering Asso 
4 ciation and of the Colorado Society of Engineers. In 1918 he “served a8 

President of the Texas Section of the American Society of Civil Engineers 
in 1927 as President of the Colorado Section. perk patil sidtttigs 
_ itetll He had one brother and three sisters; two of the latter survive him. He . 
= was married to Emma Lee Maiden of Colorado Springs on June 27, 1905, who, 
q Fee. a with a son, Joseph Scott Gowdy, Jun. Am. Soc. C. E., born J une 5, 1907, sur “a 

Gowdy was elected an Associate Member of the American Society of ( 

A. 
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EDWARD FRANCIS" HAAS, M. Am. Soc. C 


Edward F rancis Haas was born on August 28, 187 0, in ‘Stockton, Calif., 
son of Charles. Haas a nd Charlotte (Merk) Haas, who v were among 


_ Mr. Haas attended the mi schools i in Stockton, and was graduated from 


sity of California, at 


degree of Bachelor of ‘Science in in Civil Engineering. Wee 

i xt. From 1892 to 1893 he was instructor in Civil Engineering : at the Univer- — is 
sity of California, after which he attended the Columbia School of Mines of _ 
Columbia University, New York, receiving his Civil Engineer Degree 
jn 1894. Returning from Columbia University to Stockton, he worked i in the o 
aA ben prt Office for one year. Thereafter he was in private practice Ne 


deeply interested in the problem of reclaiming the fertile delta 
lands of the San J oaquin ‘and Sacramento rivers, Mr. Haas soon became 


Ve 4 


“engineer in charge of the reclamation of about 20,000 acres of swamp land = 
4 in these delta regions. He built about twenty miles of levees, three miles of a 


q main canal, and large ‘pumping plants: for drainage. . During this time he 
was sent to Alaska to make an engineering ‘report for a large mining Project 


In 1898 Mr. Haas took up residence in Francisco, Calif., where 
became affiliated with the City Engineer’ Office in preliminary studies for an 


was associated the late: Carl Past- President, 


Pes sine ‘the City of Belvedere, Calif. Mr. Haas was the engineer in charge 


In 1900 he was: engaged, by the Boar of Engineers of the City of San 
_ Francisco, to design a comprehensiv ve and m modern sewage system for the City ee 
of San Francisco at ‘an estimated cost of $4,600,000. Mr. Haas was in re- 


_ Poasible charge of design for various sections of the system throughout the Ya 


city. Following this he became assistant engineer in the newly created Board 
of Public Works, with r. city engineer of the City of 


In he entered into with John W. Ferris. The firm, 
known as Ferris and Haas, engaged in the Prosecution of various dredging 


and reclamation contracts, which often included the necessary engineering. 
. fs: Ih ‘the winter of 1901-1902 the partnership received from the United States = 


ras the original dredging contract to deepen Pearl Harbor at Hono- is ee 
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practice of engineering, and was associated with late Marsden Manson,! 

MM. Am. Soe. C. 4 in the design and construction of the sewer system « of the ig Z 

of Masyeville, Calif.; as associate engineer on design and enlargement _ 
the Placerville (Calif.) Water Works System ; as engineer in charge 
"dredging of the ship channel to Mare Island Navy Yard; and | as engineer 
4 and manager of the West Coast Canal Company which dredged the navigation fe 

for the United States Government in ‘San Pablo o Bay. 

a Tt In 1906 Mr. Haas organized the Union Dredging Company, and in 1909 ee 
_ Caledonia Dredging Company. He acted as president of both of thee 


work under the p: of ani Haas, continued 
a the Union Dredging Company and the Caledonia Dredging Company, ee a 

sisted largely of river rectification and the work of various" ‘reclamation dis- 


a =e tricts and so-called islands of the Sacramento and San Jos oaquin Delta, as well 
as marginal marsh lands of San Francisco Bay. _ Large sums of money were 
spent on these projects which added many ‘thousands of acres of ve very fertile 


Be: aes land and great wealth to the State of California. - Because large portions a Le 


pel 


these projects consisted < re) “peat lands,” Mr. Haas had to ‘solve “many difficult — 
problems i in the construction of levees, structures, and canals. reason of 


s _ these experiences, Mr. Haas was consulted about the design and construction 


wih 


_ of the railroad embankment across tl the San J oaquin River delta lands for ‘the 


:: ‘3 San Joaquin Valley Railroad Company, later the Atchison, Top peka and Santa 
Fe Railway Company. 
hn Practically all of this work was done with floating dredgers, and Mr. 

ae Haas, keenly interested in the improvement of dredging equipment, ‘per 

3 ticipated in designing and developing the long-boom clamshell dredger i in the 
In 1919 Mr. Haas, turning his to formed 


= a partnership with Frank Doughty, Assoc. M. Am. Soc. C. E., known as Haas ¥ 


and Doughty. In 1927 this partnership was enlarged to include Arthur 
J ones, the firm’ name changing to Haas, Doughty and Jones. This 
ship continued until Mr. Haas passed away. 
Mr. Haas was the the dominant figure in these partnerships, which whe 
< sponsible for important ‘construction work in several of the western states. 
a 2, For the United | States Bureau of Reclamation, they constructed the main e 
canals and appurtenant structures on the Minidoka and Boise projects in the 
State of Idaho; the Yakima Project in the State of Washington; the Vale 
_ Project in the State of Oregon; and the Contra Costa Canal of the Central 
Valley Project it in ‘the State of California. In Nebraska t they participated in 
ee the construction ¢ of main canals and appurtenant structures for the Loup — 
a River Public Power District, and for the Central Nebraska Public Power and 
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mic MEMOR OF EDWARD FRANCIS 
o the foregoing, in California this 
; "miles of large ee of the Sacramento Flood Control Project on rivers oe 
as well as levees, irrigation, and for many of the 
{ 
With his continued interest in the of earth-n -moving 
Haas, in conjunction w with the Stockton Iron Works, developed the 
excavator with caterpillar treads. This was the forerunner of modern drag- 
success” of these organizations which he dominated was 
~ largely to the exceptional ability of Mr. Haas to organize and develop a a given 
task or project. This led to the concentration of his energies on contracting 2 
work, which continued in the foreground of his activities throughout his life. © 
q However he was always deeply interested i in all engineering matters, as well 
with engineering and contracting, ‘Mr. 1a becam J 
"gated i in various types of business, outstanding among them being the Snelling 
Gold Dredging Company of California, of which he was ras vice-president. tt The 
organization and success this company, like his many interests, was due 
largely to his ability as an engineer and business executive. _ This was true me i 
ah also in the organization of the Vermillion Natural Gas Company, ur known 


as the Central Natural Gas Company of South ‘Dakota, of which | 


Aside from his ex engineering | and business activities, Mr. Haas was con- 
tinuously active as an Alumnus of the University of California and of Sigma 


4 Chi fraternity. He was also trustee of the First Presbyterian Church of San — a 
Francisco, and for many years was a member of the San Francisco Golf 


a Club, the Commonwealth Club of San Francisco, The San Francisco Chamber _ 


s of Commerce, Engineers Club of San Francisco, The Pacific Union Club of 


San Francisco, the Menlo Country Clu b, and the University Club of 


4 Francisco, serving as president of the latter two clubs for two terms. For a 


4 years he was also a of Country Club, and 
During the 1920's, Mr. Haas was s appointed by the 1 United States Army 
> engineer in a civilian group to survey the facilities of the Ninth Corps Ares, bar 
n connection with the National Defense Program. He was charged with the 


gathering a and correlating of various data relative to transportation equi 


a ‘ment, water, and fuel supplies, etc., and p performed this service i in a 5 meritori- 


~~ generous to the appeal of others. Highly respected by all who came . 


Ing une, 1931, Mr. Haas was delegated, together with Daniel W. Mead, = 
: Past President and Hon. M. Am. Soc. ©. E., to represent the Society at the ; 
Serenty ‘Fifth Anniversary of the ‘existence of the » Verein Deutsc her 
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Je F andes 6, 1894; an Associate Member on September 5, 19005; 
_ on February 6, 1906, and a Life Member in 1985. oa" “ai 


3 - Ephraim Harrington was born in Belmont, Mass., on December 2, 1861. 


ie e received his early education in the public schools of Roxbury, Mass. For ae 


a short 1 time he attended the School of Mechanic “Arts of the Massachusetts 
Be esos of Technology, at Boston, Mass, i in ‘the class of 1879, but he did not . 

>i He followed civil. engineering work all of his life, ‘starting: with the City 


ay of Boston in 1877 in the Surveyors Department where he worked two pain =f 
Later he transferred to the the Engineering Department of the City. F rom 1883 
to 1885 he was transitman an and for the Boston, Hoosac and Western 


a. His most important work was ees in 1888 when he was employed by the cae 
Engineering Department of the West End Street Railway Company (later a 
‘art of the Boston Elevated Railway). This work continued for five years, a 
In 1893 he and the late Gilber ert Hodges formed the engineering firm of Hodges 
and Harrington, Civil Engineers, with an office in Boston, practicing in : 
and electric railway construction and general engineering. 


The firm of Hodges and Harrington was vas probably the most prosperous engi- 
“neering firm in Boston at that time. Tt was very active in the rebuilding 
old horse car lines to adapt them to car operation. As this was a 
‘new field there were few precedents 7 jo bib 
ig ep & ‘Hodges a and Harrington were the engineers for the majority of the inter- 
nee _ urban lines in Massachusetts, New - Hampshire, Rhode Island, and a part of 
tg ‘Vermont. _ This work included ‘most of the 900 miles of the tracks comprising 
Eastern Massachusetts Street Railway, later largely ‘abandoned to make 
‘ way for buses. The firm was dissolved in 1900 and Mr. Harrington practiced — 
a tage general engineering, especially the construction ¢ and layouts of street railways, Bi 
y — comparatively new field. In later years he confined himself to more general es 
work, particularly after the traction companies 
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with either his assistants or associates, from shyness. 
His hobby was the Appalachian Mountain Club which he joined in 1892. His 
. loyalty to the club remained to the end of his life. He was a leader of winter Re. 
parties and organized the Snow Shoe Section for the purpose of encouraging ev 
a snow shoeing as : an % aid to mountain climbing. | He knew the fundamentals of oe 
equipment and gave ve much attention to its proper . selection. In J une, 1918, he % 
_ published a code for signals in the magazine Appalachia, and later wrote * ar 
“Few Notes on the Uses of the Compass i in the Woods 2 for the same magazine. ~ ae 
He initiated the wood chopping enterprise and was one of the 


Citizens Association, the Unitarian Club, the Unitarian Laymen League, 
Trustee of the First Parish for nearly forty years. 
_ He was married to Lina Sophia Weld of Dedham, Mass., on eine = ¥. 
1894. He i is survived by a an older brother, David A. . Harrington, a civil engi- 
‘ of Norwell, -Mass.; a sister, Susan T. F rench; a daughter, Ruth Weld 
Harrington; and a son, Davis Weld Harrington. | 


Mp. Harrington was elected a Member of the American Society of Civil 
a 


PHILIP HART, M. Am. Soc. C. Et 


Philip Hart was born i in Portland, Ore., on June 8, 1887, the son of James — 


x Dixon Hart and Mary (Goodenough) Hart. The scion of a prominent Port- 
lan land family, he had his preparatory education in the Portland Academy, gradu- ee 
i ‘ating with the class of 1905. It was there that he formed friendships with a 
ri eo James H. Polhemus, M. Am. ‘Soe. C. E, general manager of the Port of Port- rea 
land, and Ben S. Morrow, Assoc. M. Am. Soc. ©. E., general manager - of the 
water department of the ‘City of Portland. “These friendships ripened with 
years, and d continued w with increasing esteem until the ay of Mr. 
Hart’s death. Along with many other “ “ Portlanders, Mr. Hart received his 
education at the Massachusetts I Institute of T at Boston, 
; Mass., graduating i in ‘1910 as a mechanical engineer. vig. sind’ 
r, Mr. Hart early gave evidence of the original min ‘and dauntless spirit ne 
which were to be his key to to success: in later life, and the basis of his life’ 's work. - 


n 1912 he did some minor underwater foundation work at the } plant of the ie ‘ 


gt Helens Lumber Company i in St. Fistens, Ore. He did his own diving, and — 
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enhancing the profit possibilities by elimination of ‘competition. 
first major business venture was in 1914, at the : age of 27, in the 
This did | provide full : scope to Mr. _Hart’s energy and in 1915 

This incident is mentioned to illustrate his daring spirit. In 1914 
business in Portland was at the lowest ebb i in history—you could hire the entire Pa ray 
_ for twenty- -five cents an hour. Mr ‘Hart had accepted family responsi- oH 
bilities, and was having plenty of troulile getting his feet, but had to. 
His next connection was with the Pacific Bridge Company, then in 


construction of the piers: for the Interstate across the 


a 


‘The > company, tl then under the presidency of the late Charles F. Swigert,’ 


‘Am. Soc. C. E., had had an honorable history dating back to its founding pin 
a 4a 2 California by R. W. Gorrill in 1869. This is a long life for any construction is 
: company engaged in the hazardous undertakings that appealed - to the Pacific 


Bridge Company. te However, it had not had an unbroken line of successes; ae 


= a setbacks would be n more than any but the dauntless spirit of Mr. Swigert could 4 


3 was to run true to form and dissipate much of its hard | won gains i in an ill oe 
a9 advised venture in the East in 1916 where the existence of pre-war conditions — : 
= made successful operations impossible. Mr. Hart would be the last to claim ied 
-eredit, but this reverse set him to thinking, and his function : thenceforth ¥ was } 

_ to build an organization for the Pacific Bridge Company that would render — 
such setbacks impossible and that would enhance the company successes and 


7 a 
i allow it to attain its 80 well- deserved place i in the construction industry. The 


f i and, knowing Mr. Hart, it w was only a question of how many years would elapse 
o until he had just the kind of organization he wanted, and the company could — 


Ly make profits with some hope of keeping them. * OTOL. 


Then came the war. Mr. Hart enlisted in of 2 served 


ier? at Ft. Humphreys, Virginia; received a commission as Captain on November 
and was mustered out December 31,1918. \ 
= the war came a vast amount of wel: in ‘Washington and 
es Oregon, at first quite profitable; and of this work the Pacific Bridge Cm 
= its share. i Such work offered little opportunity for personal ingenuity, — 


however, and, as usual i in state highway work, there was a constant stream of 
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mew bidders coming to the iront attracted Dy the Irequent public 
a a ‘This had a demoralizing effect on prices and profits, and toward the end of — Co 
1921 Mr. Hart was willing to admit that highway building was not the right 
a business for the Pacific Bridge Company. He was as anxious to drop it as he ag 
4 For memoir, see, 101 (1936), p. 1657, 


MEMOIR OF PHILIP HART =e 
to get out of the transmission machinery business six years | 
a During this period he had built as his own 1 personal venture the Oswego | a 


arch, seven miles south of Portland on the Pacific Highway, = sari 


— 


; across the Cowlitz River in the City of Kelso, Wash., was built. | Then a a bas- — 

; cule bridge across the Lewis and Clark River about seven miles from Astoria » : 

| ? Ore., was constructed. _ There was an unusual foundation a accident on this d 
structure for which Mr. ‘Hart’s “company had to pay in large p: part, but for 

4 which ‘they ' were not to blame. However, they were on their way upward then 


Enough progress "had been made i in the position of the Pacific Bridge Com- 
pany that Mr. Swigert decided | to reorganize the company in August, 1919, ‘ a 
4 and give the younger element recognition. . At that time Mr. Hart became a 
4 member of the company and its treasurer. He had started as assistant engi- a 
sal and had b been | advanced to engineer in November, 1917. In 1928 he o 


became vice-president of the company, and in 1935 succeeded Mr. 


M Am. Soe. O. E., had been brought 1 up on Midwest pier Redbone orn 
and insisted on building this bridge on pneumatic caissons. ‘The Sie 
- Bridge Company had developed quite a technique for building open caisi 


pile foundations and this had become standard practice 


-‘They had all the equipment for building open f foundations cheaply and desired 

* to ) qualify, if possible, as bidders on the pneumatic foundations at Ross Island. ro 

a Mr. Hart, with the assistance of John Lyle Harrington, Ernest Emanuel How- ae te 

y ard, Members, Am. Soe. C. E., and the late Louis Russell Ash, consulting engi- 

iz neers of Kansas City, Mo., petbaliel a plan for doing all the excavating work i 

_ in the open, then sinking the pneumatic deck in the hole, sealing it around the 

ia outside, weighting it on top, applying the locks, blowing out the air, and al- < 

ug lowing the engineers to examine the bottom. — Thereafter the work was con- 

q tinued as for a pneumatic foundation. On this the Pacific Bridge ‘Company — 
the Io low bid for the work and was promptly rejected as not “offering a 


pneumatic caisson. However, Mr. -Hedrick’s eyes had been opened as to the 


possibilities of the open caisson and he proceeded-to make new plans for both — 


r. The next letting came in the spr spring of 1924 ‘ia after considerable contro 


versy due to ‘unscrupulous competition, th the contract for the Burns ide 
was awarded to the Pacific Bridge Company. This work, after three bad set- 
hacks in the spring of 1935, ‘Proved quite | successful and at this time Mr. Hart . 


‘may be said to have realized his ambition for the success of the Pacific Bridge 


After that came in rapid the contact: 


Sai He was not to languish for long. In the spring of 1922 the lift ene S 


a 
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, | of the Burnside and Ross Island bridges across the Willamette River, and in a re 
fall of 1923, under Hedrick and Kremers as consulting engineers, called for 
— 
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hd pipe crossings for the Mokelumne Pipe line under the 
‘ 

1928—F oundations for Longview | across Columbia River. 


_ Foundations for Aurora Avenue Bridge across Lake Union, 


Submerged pipe line for the Standard Oil of ‘California 
the Pacifie Ocean at Estero Bay, California. toe 


lines and submerged pipe lines for Everett, Wash. 
Headworks and ‘pipe line for Anacortes Water Supply, Anacortes, 


‘In 1931 the cific Bridge Company became a constituent company of Six 


; Companies, | Incorporated, on the main contract for the Hoover Dam, and Mr. 3 
‘Hart was made director. ‘This company, with the cooperation of the J. 
é Shea Company, also bid in the contract for the main piers of the Golden Gate oe 
Bridge. _ The award was made, but litigation ensued and no construction could 
proceed until J uly, 1932. Previous to that time the Pacific Bridge Company 
=4 had been released from its bond. It elected to bid again for the work and was oe 
low bidder for the main piers in October, 1932. 
_ Difficulties were to arise, however, which \ were to test the mettle of Mr. of Bi 
 Swigert, Mr. Hart, and their associates, as men had rarely been tested before. ar 
The construction of the south pier of the Golden Gate Bridge has been chara 
terized by. the late D. E. Moran, M. ‘Am. Soe. C. E., as the most difficult : foun- 
job ever undertaken. The > specifications: required pneumatic caisson 
ae. construction | but allowed only fifteen months for the completion « of the work, — 
“a In the hope of making good on these conflicting requirements, desperate ex 
,; pedients were resorted to in regard to building the caisson away from the site 
and making : all the excavation i in the open. i he stormy 8 season of 1933 found 
this company just ready to place the steel fender | sections for the south pier in 
100 ft of water. Pacific Ocean, however, _was soon to, claim its own, and 
on October ‘the first fender sections were wrecked by a storm while being 
- lowered. ae became evident that a drastic revision of plans was necessary for 
success, but before the plans were completed another storm ‘arose on December 


s and demolished the outer 700 ft of the company’ 8 access t trestle ‘to th the “i be 


e of their consulting engineers, Moran and proskees new 
plans were made. and obtained on the principle of making more use 


GA, 


oundations for Ross Island Bridge, Portland. ive big 
1926—Bridge over Cowlitz River for the City of Longview, Wash, 
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Concrete deck for the Golden Gate ‘Bridge.. 


| 1987—Railroad facilities over NY the steel spans of the San Francisco- 


OF PHILIP uP 
of underwater s, there was to be no construction 
‘project above the water that could be ruined by a storm until | the entire = | 
was completed to 17 ft below water. Then the fender wall was to be built up e 
bove the water a little at a time until finally the entire fender ring was com-: 
pleted and after that the shaft could be built inside of it. To Mr. Hart re 
be given full credit for knowing what his divers could do and for developing the 
-eonstruction methods for getting the fender up to and through the water. | In 7 
April, 1904, the company ‘succeeded i in . concreting its first fender section by this — oe 
a method. . Quiet wa water was ahead that summer and Fortune smiled on the com nm ee, 
pany, and the entire pier was completed about January 11,1935. = = | 
. pith Previous to that time the company had participated i in several syndicates 
organized for the large PWA jobs that 1 were then appearing. They were a 
constituent company of the Transbay Construction Co. which executed the — i. 
= contract for the piers for the suspension spans of the San /Francisco- Oakland 8 
. Bay Bridge, and for the 85-ft extension of the O’Shaughnessy Dam for the 
Qity of San Francisco, Calif., water supply let in January, 1985. They also — 
had an interest in the construction of the Bonneville Dam power-house founda- “OE 
? tion and power house by the Geneal Construction Company and J. F. Shea 
Company, and in the construction of the Parker Dam across the Colorado 
4 River with the J. F. Shea Company. bad 2» ai $i 
pi The anxieties of the Golden Gate Bridge sueted:t too much for Mr. Swigert es 
_ and he died on June 23, 1935. Mr. Hart succeeded him as s president of the 
4 Pacific Bridge | Company. r Contracts executed by the ¢ company under Mr. Hart ey 


-_1985—Subaqueous Pipe | line for Hetch Hetchy water supply under Dum 
barton ‘Straits, San Francisco o Bay. 

1936—Concrete _ pier for Naval Ammunition Depot the Bureau of 


Yards and Docks, Balboa, Canal Zone. a. Dilaup. 


to 


In In 1987 the Pacific Bridge Company Participated with the George Pollock 5 
and other associates in ‘the construction of Drydock No. 3, 
Island Navy Yard, for the Bureau of Yards and Docks. Mr. Hart’s com- 
pany was the operating company and the work was not completed at the time i i: 
_ ofhis death. In 1937 they became a constituent company of the Consolidated 
é Builders, Inc., Jeter. engaged in the completion of the Grand Coulee Dam. Ps. 
They were also | a part of the syndicate ‘that constructed the San Frane 
ay terminal building of the San Francisco-Oakland Bay Bridge. 
ae In 1988 the Pacific Bridge Company headed the syndicate that held the 
tract for the Tacoma Narrows Bridge, the syndicate being g known as the 
Pacific-General- Columbia, and was the for this work. 
It was while returning to his s headquarters i in San Francisco from his home — 


‘in ‘Portland a after signing g this c contract that he met his untimely death. In ‘a 
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a7 = organization that can carry on after the founder of the company is gone. 4 rts : 
7a was so in the case of Mr. Swigert: the company’s activities since 1985 prove — 
that he erred not in choosing his successor. It is also true in the case of Mr. 


Ts Hart, and the successful prosecution of t the Tacoma Narrows | Bridge pens 
without his ~vonenene proves that the « organization he worked s sO > hard to estab- 


than his words. His professional were very y meager. He was 
ad 5g a pioneer in making a profitable business out of what a diver can do. It was a 
; his boast that his divers could do anything under water that the ordinary man pad 
could do on the land. He developed new methods for laying submarine pipe i 
_ and was known as an ‘authority on that subject by every: corporation west of }: 
ot aa the Mississippi River that had submarine pipe to lay. This resulted not only ay 
fe in profits to his company, but in large savings to his company’s customers, ; 
a> ~The company before him, and she himself, , had d done much to make the open 


‘neers: engaged i in designing foundation works. much of the success of 
& such structures as the foundations of the Longview Bridge and the two San 
4 rancisco bridges is due to suggestions originating with him he would be far ¥ 

too modest to say. ‘He knew the sawmill business, and two of his most note 


Me 
worthy successes—the Portland harbor wall and the track construction of the a 


San Francisco- Oakland Bay ‘Bridge—arose from applying sawmill methods to 


A 


dation procedure it is today. He had the confidence of many prominent engi- : 


qualify as a high- class technical man familiar with th the accomplish- cy 
Saale 3 of others through technical literature. Where would he find the tim 
- for research? Yet he possessed the ability to follow through a complicated 
train of thought without benefit of mathematical processes and he usuall ar 
- rived more ¢ or less intuitively at the right answer. This ability to accomplish 
< so much with so little apparent effort was at once the admiration and despair 
those who tried to compete w ith him. The making of a contractor’s estimate 
Ee . for a large job, getting ‘all the elements in and properly valued, is a laborious 
undertaking. Mr. Hart had the faculty of making a few figures which no one 
else could understand and he usually came out with a low bid which hy left 
Bec! on the table. 


* 


The difficulties he had in nearly every case arose rom 
i relying too strongly on the judgment of others, or in not being able to oy 
prevail upon his associates. as to what course to follow. 
. Hart cannot be judged fairly by ordinary anes standards. He 
had qualities of courage and dogged pertinacity for which the ordinary engi- 


br 
ae “eer can only. sigh i in vain. . To grasp the Golden Gate south pier r situation as 


Tet at a time rere Sr mee believed the pier could be built at all # 
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pth | The difficulties others had in following him made him impatient with ray 
‘men. en. later years he became impatient with any but the swiftest means | of 
transportation, and this quality, more than anything else, led to his untimely 
death. F For one who had borne his heavy responsibilities for so many years, 
extremely youthful. May the spirit of eternal youth - which he typified 
_ He was married i in 1913 to Milla ‘Wessinger, of Portland, who survives him 


‘He salina three children, Philip, Jr., r., Louise, and Dixon. Jf ‘Wes was a member of 


pivot wolls etd nid es bate 


Be 


Ralph Stevenson Hawley was born i in Hanford, Calif,, on January 11, 1877. 
f He was the son of Luther ¢ C. Hawley (born i in Ohio on May 4, 1829), a Civil Be 8 
‘3 War veteran, and Alice (Muldrew) | Stevenson (born in Kentucky on August : 
= 1843) who. were ‘married in Vandalia, on November 23, 1865. Ralph 


was the fifth of ten children. ‘Two brothers and a survive 


‘and was graduated the College of Civil in 1903, 
at commencement | exercises, made memorable by the presence of President 


4 _ Theodore Roosevelt, in the then partly completed Greek Theater of the Uni- 


after ‘graduation he received an appointment a as hydrogra hic 
he water resources and reclamation studies in Valley, Californie, from 
3 June, 1903, to October, 1904. - He developed much of the data upon which che 
City” (Calif.) later based its estimates for the great Owens 

River Aqueduct. He was then transferred to Yuma, Ariz., until ‘February, 
- 10s, thence to Los Angeles for three months, and finally to Berkeley, where 

4 served until April, 1907, hydrographic work in northern 


city engineer of Oakland, Calif. In this s employment he ) Prepared ‘specifica- = 
tions and plans for street sanitary and storm sewers, and the bg 


* Memoir wy Harold Parnsworth Gray, Am. Soc. 
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= MEMOIR OF RALPH STEVENSON HAWLEY 

salt- ‘hee? protection system. In February, 1908, he was | appointed 

engineer of the contiguous town: (later! city) of Emeryville, Calif: 

= sie Mr. Hawley served the City of Emeryville for a little more than thirty-one BS. : 

a = ‘years a as city engineer, and in addition was superintendent of streets and 
a = _ sistant city clerk from 1909. As the « city grew, practically all of the storm and § 
. ee. ee sanitary sewers, the street work, , and the general municipal improvements of 

the present city’ were designed and constructed under his is supervision. In the 

a a as aggregate these works ultimately amounted to an impressive total value; a 

though no individual project of great size was included therein ; but if if, in the 

somewhat prosaic development of the steadily growing industrial 


<3 


Ss As. no great works were built, the many smaller projects reflected the character of 

: 

= the man; they w were designed on sound principles, were well and honestly built, 

Ralph Hawley, however, was far more to his city than ite. engineer. “Quietly 


and unobtrusively he other public ser services which his fellow townsmen ah 
placed in his hands because they recognized his integrity and dependability, 
34 ‘and turned naturally 2 and onfidently to him when there was community work 


s “e: which needed to be done. For others was the limelight and publicity; for him a % b 

nl was the modest but effective labor which enabled th these community projects to ce be 

- ) For eighteen years he was clerk of the Board of Trustees of the Emery S. Ds 
= ee School District. He v was one of the organizers of the Emeryville In- te 4 a 
dustrial Association in 1920, and curved as its secretary until his death. q 
appointed secretary~ -treasurer of. the Emeryville Welfare Commission in 


7 1936 and served as such continuously thereafter. In J anuary, 1936, he was ap- at 


om _ pointed a trustee of the Alameda County Mosquito Abatement District by the 


City Cov mcil. He was also vice-president of the Board of Trustees of the > Dis 
trict in 1988, ond was elected president of the Board of Trustees J anuary 


In une, 1937, he was president of the East Bay Engineers Club for 
ie titles “the 1937-1938 club year. On J anuary 11, 1939, he was installed as president Ae 

of the Emeryville Kiwanis Club. In n the Ki Kiwanis Club he had the distinction 

Mr. Hawley became member of the First Presbyterian Church in Berkeley 

1899, and was continuously thereafter a s member, serving asa Sunday School 

- teacher and as an Elder. He was a sincere and consistent Christian, living ie 
the Golden Rule i in every action of his daily life. This, with his kind, strong 


= 


face and gentle manner, brought him affection and admitation, while his fine 
_ character inspired respect untinged by envy. At the news of his sudden and a a 
utterly u unexpected death, the first thought of many was “I have lost a friend” — iy * 
He was married to Elizabeth Duncan at Bishop, Calif., on November 7, ‘ * 


— 


‘Mrs. Hawley and t their daughters, Ethel une and Genevieve, 


Hawley was elected a Member of the American Society of Civil 
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MEMOIR: oF WILLIAM CHAUNCEY HAWLEY 


William Chauncey ‘Hawley Cambridge, Washi ington 


WY, on August 31, 1865. He was the eldest child of Charles ‘Townsend — 
Hawley a and Fannie (Warner) “Hawley. _ The Hawley family came to 
q country from England i in 1630, ‘settling first in Connecticut and later in Ver- ae 
ia mont and New York. During the Revolutionary War they were Loyalists, shes a 
and did not t fight for the Colonies. However, Mr. Hawley’s paternal grand- 
ether and great. grandmother brought in s strains of Dutch and Scotch- 
.* blood, and he had at least five ancestors who fought in the Revolution. ps aed a 
ye Mr. Hawley’ 3 earliest ¢ schooling was in Cambridge, but when he w was on ely 
eight years ‘old he was sent to the Academy at Salem, N. Y., where an nuncle a 
a was headmaster. It was there that he prepared for college. He entered Rens- — a a 
it selaer Polytechnic Institute at Troy, N. Y., and was graduated i in 1886, before — J 
4 he was twetity-one,: with the degree of Civil Engineer. 
«His first engineering experience was in the designing and building of the - 
plant for the Cambridge Water Works Company in his home town. The 
iv is still being operated substantially as Mr. Hawley designed it in 1886-1887, 
and has proved successful, not only as a safe and dependable source of water 
supply, but as a a sound | investment for those who were interested 


eer 


From 1887 to 1893 Mr. Hawley was assistant ond principal a amsiatant to 
- late Chester B. Davis, M. Am. Soc. 0. E., engaged on surveys, making plans 
and constructing various water works and sewage systems. The year 1893- 

1894 he served as assistant engineer on surveys and plans for additional 

a water ‘supply for Troy. The following year he was resident engineer on ol 
ine of water works at Grafton, W. Va., for Wilkins and Davison ee ae 
Pittsburgh, Pa. In 1895, as assistant engineer to Robert Swan of Allegheny a 2 

4 City, Pa., he designed the Montrose Pumping ‘Station and 914 miles of 60-in. - 7 
*: riveted steel force main and later was in charge of construction of 6 miles of a 
the latter. From 1896 ‘to 1902, Mr. Hawley was engineer and superintendent 

for the Water Department of Atlantic City, N. and from 1902 until his 

death, he acted as chief engineer, superintendent, and vicorpresidemt tithe 
Pennsylvania Water Company at Wilkinsburg, Pa. as 

Pow Mr. Hawley was Past-President of the Engineers’ Society of Western Penn- 
sylvania, a member of the American Water Works Association, New England 
Water Works Association, , Past- President and member of the Executive Com- 3 ’ 
_ mittes of the Pennsylvania Water Works Association. _ He was the author pe 
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_ On December: 26; 1890, he was married to Nellie N. Newton. He is sur- 
 § Mrs. Mar, ‘ ughter, 


Church. At the time of hia: death he was a Vestryman o of the Cal. 
vary Protestant Episcopal Church of Pittsburgh. His intimate knowledge of — : ; 
water works management made his advice sought by other leaders. He was @ aS 
man of upright character and sterling qualities that endeared him to his fellow. 


men. His untimely sudden death is sincerely regretted by all who have had 
the privilege of his acquaintance and association. 
Mr Hawley we was elected a Junior of the American Society of Civil Engi- 


| neers on October L , 1890; an Associate Member on ‘April 6, 1892; . and a Mem- 


CLARK IRWIN, M. Am. Soc. C. E pins’ 


@ 


os ) degree of Civil Engineer in 1891. While attending the University of = 


os sylvania he held vi various class positions, and upon graduation was instructor i 


_Y, N. He continued in the service 
“of the New York Central until his retirement from active ‘Service on October 
During Mr. Irwin’ 8 employment by the ‘New York Central System he held © 


4 


om Lake Erie, Alliance and Wheeling Railroad Company, engineering | assistant | 
a on the staff of the vice-president, resident engineer and superintendent of con- 
struction on the Grand Central terminal improvements, and office engineer in 
charge of contracts. | From 1909 to 1912 he served as chief engineer of the 
ae Rutland Railroad Company, and from 1912 to 1938 he was with the Boston and 
Albany Railroad Company, being valuation engineer from May, 1920. 
Mr. Irwin was one of the pioneer engineers: in modern railway signaling, 
- _ one of the charter members of the Railway Signaling Club, ‘predecessor of the 
Railway Signal Association (later the Signal Section, Association of American 
Oks Railroads). He continued his active ve and helpful interest in railway signaling — 
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oe _— © tember 23, 1868, the son of William Henry and Catherine (Browning) Irwin. 
Hie nrenaratory educatian wac received at the Pro eatant. niseonal Academy 
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in 1907 and was very active in its affairs. He served on the Committee .: 
~ Uniform Contract Forms, being its chairman ; from 1927 to 1931; on the Com- is os 
mittee on Standardization, being its chairman from 1931 to 1935; and was r. 
_ Viee-chairman of the Committee on Rules and Organization at the time of hie. - oe 
‘death. He served as a director from 1932 to 0 1935, vice-president from 1935 
to 1937, and president from 1937 to 1938. As president of the A. R. E. A. he an 

was chairman of the Engineering Division of the . Association of American 

engineering matters for 


In 1930 Mr. Irwin was appointed to represent the Association of American 
- Railroads Engineering Division on American Standards Association, Stand- >. 
ards Council, and was a chairman of the Standards Council for the three 


In all of the diversified work that he carried on for the eet S which 
he was employed, for the associations he served, and for the organizations | and -. 
committees he assisted, he exercised untiring effort and « care; no task was too pi 

small nor too great to obtain his undivided interest and attention. Mr. Irwin 
found much time to devote to those > other things of life, outside of his profes- 


~ sion, that leave their mark on communities and individuals and live long #e 
a life has passed beyond. For ‘Sime years he was a vestryman, junior 


member of the Episcopalian Club of he e served : as of 
its council, as chairman of its membership committee, and as president in 
2 1983. _ He was Scoutmaster » troop committeeman, district commissioner, and a 
a member of the Greater Boston Council, Boy Scouts of America, from 1913 
q ia Mr. Irwin was active in New England affairs during the World War. He 
was chairman of the New England Committee on the Study of Military 
Mobilization in 1916 and 1917, and was a member of the Business and Pro- 
fessional Men’s Military Battalion. From 1917 to 1920 he was chairman of mo as 
“Troop C Home Folks” and “ Home Association of the 102nd Machine Gun ee) : 
_ Battalion, 26th Division.” In 1918 he was appointed by Governor McCall =. a 
a delegate from Massachusetts to the “ Win the War” convention in Philadel- 
phia. 
was in 0 other ways; among such activities he was: 


the New Railroad | Club, on its execu- 


Member of the New York Railroad Club; bar 
Member of the Railway Guild (railway honorary society); 
Life Member of The Episcopal Academy Alumni Society; 
4 Member of The General Alumni Society, University of Pennsyl- 
also serving as a member of the board and as vice- presi- 


1365 
wae clocted 9 member of the American hallway Association 
— 
American Standards Association from 1934 to 1936, and ex-officio member of 
_ § the Board and Council from 1937 to 1939. Mr. Irwin’s thoroughness and un- ee — 
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Member of the Pennsylvania Clubs, _servitig pred pres 
“ei my Member of the New England Alumni Soci iety of ‘the University of OT, : 
Member of the on Giving of the University of 


“tomate interest left its on many a ‘man n and helped him o over 
ey: ‘difficult places. Although those who knew him best admired greatly his pro- ee 
fessional attainments and respected his opinions and judgment, they loved him z 
oF. most for those sterling qualities of Christian character, moral integrity, high * 
ee noble purposes, and his love for home and family. It was always a Privi- 
ege to be with him; truly it may ‘be said that James Clark Irwin made. the 
a better place in which to live?! of TERE mort ad 


cen On Tune | 5, 1895, he was married to Frances Smith Monaghan of West 


Chester, Pa. ‘They had four sons, James M., William H., and John, 
_ and one daughter, Katherine. ®. ‘Three sons, James, Robert, and John, and BS 


daughter, Katherine, together with Mrs. Irwin, survive him. 


pd Mr. Irwin was elected a Junior of the American Society of ‘Civil Engineers 


on April 4, 1893; an Associate Member on December 7, 1898; and a Member on - 


CHARLES WHITE JOHNS, M. Am. Soc. C. 
~ 


Py | Charles W hite Johns was born in Vaswville, Va, , on December 28, 1875. 
His parents were: J ames M. and Pauline (Cassell) J Jd ohns, his edu- 


ng ‘under’ the tutorage of his ‘uncles, oO. M. Cassell and Virginins 

Cassell, engineers and architects of Va., be obtained his pre- 
engineering experience began in 1891 when he took | a “position with 


the Norfolk, Wilmington Railway Company, a projected 
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of the and Ohio Railway Company and continued 
that company for forty first assignment was instrumentman on 
¥ the construction of a grain _ elevator, a merchandise pier, and a coal pier, at 
_ Newport News, Va. In May, 1900, he v was ; transferred to Richmond, Va., ae ‘ 
fa assistant engineer on the joint passenger station of the Chesapeake and Ohio _ 
and Seaboard Air Line Railway | C ‘ompanies. This work included 1 grade | sepa- 
x ration and the construction of a viaduct about 3 miles long which elevated the 
tracks along the bank of the James River in Richmond. In addition, his work 
embraced line and grade . revisions of the ‘division of the railway extending > 
3 from Richmond to Clifton Forge, Va., , and grade separation at Sa 
-Va., with construction of yards and siding. 


In December, 1904, Mr. J ohns was advanced to assistant division engineer 


at Hinton, W. Va., in charge of maintenance of branch lines in West Virginia, 
and in April, 1906, to division engineer of the Huntington and Greenbrier 
Divisions. f Subsequently, h he was advanced to the position m of assistant engi- ie 
ner of maintenance of way at Huntington, W. Va., in charge of the mainte 
nance of all lines of the railway i in West Virginia. 
a5 Mr. J ohns was promoted to to engineer of f branch lines, with | headquarters | ie 
4 Richmond, in F ebruary, 1914. ‘This led to the position of e engineer of con- 
struction in in August, 1920, in 1923, to in 


C lities at Clifton Forge; replacement of the Ohio River b bridge at Cincin- re 
nati, Ohio, including separation of grades in Covington, Ky., and Cincinnati; __ 


enlarging old tunnels and constructing new ones to provide increased clear- _ 


ances for modern equipment and large shipments; a coal dumper on the dock 


at Presque Isle, Toledo, Ohio; a coal pier and dumper at Newport News for = 
unloading } coal from railroad cars to ships; large locomotive shops at Hunting- 
ton; and car shops at Russell, Ky. In later years the separation of grades of 


railroads from highways and city streets occupied his attention in a large 


Mr. Johns” had an alway and kindly 

which resulted in his having many friends among "his acquaintances in the __ 


tailroad business as well as other interests with which his work brought him 


contact. He was co nsiderate of all, ‘especially his immediate associates, 


and this inspired their greatest respect! dig 


Mr J ohns was an active ‘member of t] the American Railway Pes ‘a 
Association, having served on many ‘of its committees and being a member of 
ta E the committee on rail at the time of his death. He was also a member of the ae 


committee on steel of the American Boviety for Testing Materials. He was 


actively interested i in the Virginia Section of the American | Society of Civil 

cE Engineers and ‘was vice- -president from 1936 to 1988, becoming president oe 

anuary, 1989. He was a member of St. ‘Pauls Protestant Episcopal Church 
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MEMOIR OF NEWHALL JOHNSON 


was Member. of the of Civil Engi: 

ARTHUR NEWHALL JOHNSON, ‘Aad. Bes. C. 


the son of David Newhall a and Amanda Malvina (Richardson) J ohnson. ‘His 


te technical education was obtained at the Lawrence Scientific School of Harvard 


ee University, at Cambridge, Mass., from which he was graduated in 1894 with _ 


the degree of Bachelor of Science in Civil Engineering. 


During the ¢ academic year 1896-1897 he served as instructor in Descriptive 
be Geometry at Harvard. He left the teaching position to become assistant en- 
gineer at the Calumet “end Hecla Mine at Calumet, Mich. 1897 he joined 


the engineering staff of the Massachusetts Highway ‘Commission. that 


Kh 


=, 


: cof road conditions and road building materials in that state. In the seven a 
years he ‘spent in Maryland he made a thorough study of the road building 
of the state, built demonstration macadam roads, and so 

= promoted the good roads movement that in later years | Maryland became. one 
the “ “ best roaded ” states in the Union. ke Pry at 

EBS In ‘aownition of his successful work in Maryland, in 1905 Mr. Johnson — 

was invited to become chief engineer of the newly established United States 

oa Office of Public Roads in Washington, D. C., later the Public Roads Adminis 

a 9 tration. After serving a year in this position, he was named state highway a 

engineer of ‘Ilinois, where h he laid 1 the the beginnings of the excellent of 

a Bet _ From 1914 to 1916 he was highway engineer of the New York Bureau of 
Municipal Research. He left that organization to become consulting highway 
“engineer - for the Portland Cement Association. After ‘four years in this posi- 
tion, he resigned to become Dean of the College of Engineering a at the Uni- ee 


versity of at College Park, Md. He reorganized the engineering g 


the. strength ‘and elastic properties of concrete, “particularly as related to its 
Boats in road construction. . His ability as a tea teacher and his | kindly ‘manner 
endeared him to all his students. 
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Research Board of the National Research Council, serving as chairman of the : 
Executive Committee of tl the latter group from 1928 to 1926. He serv ed as 
president of the American Association of Engineers i in 1922, He was a 
ber of the Cosmos Club in Washington, D. C., and a member of Tau Beta Pi. var os ec 
4 On two occasions he represented t the United States in conferences held Ae aan 
q abroad. In 1913 he » was delegate to an international highway « conference in 
Paris, France, and in 1925 he was appointed, by President Coolidge, a mem-— 
ber r of the American’ delegation to the Pan-American Road in 
. ‘In 1924, the University of Maryland, in recognition of his achievements in = 
‘highway engineering, and particularly of his pioneer work i in wera om a 


ferred on him the honorary degree « of Doctor of Engineering. Be 


saab 


Baal 1932, Dean Johnson was the recipient of the Bartlett Award Ce 


annually “for outstanding contribution to highway progress.” ‘The selection 


for this award is made by a committee consisting of the erulidensi of the 
_ American Road Builders’ Association, , the Association of State Highway Off- 


cials, and the Highway Research Board of the National Research Council 


In the passing of Dean J ohnson, the profession has lost one of its pioneers re 
modern highway development. Ih the course of his long career in t the yhigh- 
way field, it fell to his lot to train many ‘men, some of whom became the out- 
1936, due to continued ill health, Dean ohnson found it necessary 
a ‘retire from the University, having served sixteen ; years as Dean of the Gallee 
he He was married to Mae Louise Ash on n September 12, 1900. Hei is survived - 


_ by his widow and three daughters, Louise N. (Mrs. Lewis P. Shanks), Evelyn 


. a ae Dean Johnson was elected an Associate Member of the American Po 
of Civil Engineers 0 September 2, 1008, and a 


cas Richard ‘Khuen, Jr. adi born at Saginaw, Mich., on J uly 27, 1865, the 
‘son of Richard and Caroline (Scheib) Khuen. Bare ‘oda to. . 


After graduating from the University of Michigan, ot Arbor, Mich., 
in 1889, with the degree of Bachelor of Science in Civil © Engineering, he 


Dy employ of the late George Shattuck Morison, ith deo President, 


by Marshall Williams and C. F.. Goodrich, Am. Soe. C. 
Am. Soc. C. E., Vol. LIV, June, 
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889, to $900; was: stant engineer on of the 
Merchants Bridge, St. Louis, Mo.; from July to October, 1890, assistant 

engineer on the construction of the Memphis Bridge, Memphis , Tenn; 

from’ October, 1890, to January, 1891, draftsman in Mr. Morison’s | Chicago 

xi - office. — From January to J une, 1891, he was assistant inspector of steel supe 


structure of Memphis Bridge at Steelton, Pa, 
3 re ih | August, 1891, he took the position of bridge inspector and assistant 


pany. In November, 1892, ‘es became assistant engineer for the Quaker City, 
North Eastern Elevated Railroads: in Philadelphia, Pa., where he 
‘mained until J uly, 1893. ‘During this period the service was under the late. 


Pegg July, 1893, Mr. rey entered the service of the bridge and construc- 
~ tion department of the Pencoyd Tron Works (A. and P. Roberts Company) 


x at Pencoyd, Pa., as assistant ‘engineer in charge of estimating and designing, © 
the late Charles Past- President, Am. CE. 


span). ‘This bridge was by the ice in 1938. 
1901, following the merging of the Pencoyd Iron Works 


the American Bridge Company i in May, 1900, Mr. Khuen was transferr 


oe Pittsburgh, Pa., where he held the position of Pittsburgh division engineer a 
the American Company. . On May 18, 1914, he was 


uly” 1, 1935 his seventieth birthday. "After his 


until his death, he maintained an office as consulting enginee 


in design, detail, which took place 


duri ing his many years of engineering, and, i in many instances, took a lead- 
ing part in the transition. statement of the outstanding structures tha 


passed through his engineering and erecting administrations is much too long 


for publication. cross the ‘streams and dot the in all parts 


= of the United States and in numerous foreign countries. They are repre 


sentative of the strength of affection and high regard that he built. in pies - 


“ar 4 
hearts of his frienc s and associates. 


. His entire professional life was spent in bridge and struc tural | 


«For memoir, loc. cit., Vol. LXXIX 1418. 
“For Vol. 96 (1982), p. 1463, 
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greates 


q edge, over a a long of ed from his Hew: was a quiet, genial gentleman 

a who enjoyed social contacts with those whom he accepted as worth while. _ 

He was rather strong in his likes and an attribute which led toa 
 eareful selection of those whom he chose to ‘ ‘ grapple. to thy : soul with hoops — 

3 of steel.” He adopted 2 strict code of social vend: business integrity, ‘was a 3 


7 


a She died on 10, 1929. As son, Richard Khuen, III TH, two sisters, 


Khuen was a member of the American’ ‘Railway Engineering As- 
sociation; the Engineering Society of Western Pennsylvania; the Railw: 


Club of Pittsburgh; the Metropolitan Club of Pittsburgh; the Edgeworth 
of Sewickley, Pa.; and the Montour Heights Golf Club, at Coraopolis, 


ia . He was a director of the Engineering Society of Western Pennsylvania ee 
for the years 1922-1924, and served on a number of important committees 
during his long term of membership. _In 1917 | he was the organizer, founder, 


was elected of the Society of Civil Engi. 
i for the term 1916-1918, and was the candidate for Vice-President from 
Zone II on the first ballot at the time of his death. He was a regular atten- — + 


nt at the Society conventions and gave unstintingly of his time and effort 


to committee “and other work that presented itself i in the ‘Society’s. activities. 
Mr. Khuen was elected a J unior of the American Society of Civil 


neers on December 8, 1891; an Associate Mem aber on, n May 1, 1895; and a 


, JR., M. Am. Soe. C. E. 
RCEMBER 9, 1939 


Te 


1883, the son of Philip Shuid Lang ‘eid Marie Louise (Beck) Lang. yt et edt 
Her received his early education in the public schools of Philadelphia, and 

in the North East Manual Training School, graduating from the latter 
June, 1901. In the succeeding ‘autumn he he entered the University of Pennsyl 

e vania, at West Philadelphia, Pa., where he successfully completed the four- 


‘year engineering course, and was graduated in J une, 1905, with the degree 


*Memoir prepared by a Committee of the consisting of BE. 
Lane, and BE. J. Dougherty, Am. Soc. g. 


MEMOIR OF PHILIP GEORGE LANG, JRE — 
sense, which made him an ideal engineer——“ one who produced th 
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postgraduate degree of Civil Engineer from that University. 
Shortly after graduation Mr. Lang became a draftsman in the Pence 
= Plant of the American | Bridge Company. ae March 16, 1906, he entered - 


4, 1907, he entered the organization ‘of The Baltimore ind ‘Ohio = : 
Company, as assistant engineer, at Baltimore, Md 


Tr 
ing 


experience intimate knowledge of every portion of the § 
For several years part of his time was devoted to making field measurements 
a and preparing record sketches of bridges. $ This field experience was ‘alternated 
with long periods in the Bridge Drafting Room, at Baltimore. 

_ In 1915 construction work was begun on the great Export Coal Pier of : 
ois Baltimore and Ohio Railroad Company, at Curtis Bay, | near r Baltimore. 


iil facilities were unique as as to magnitude and character of e equipment. kh 
was intimately associated w with this work, and also with the design and 


a material i in ‘the cargo o space of vessels; four such devices were installed at the 
Curtis Bay Terminal between December, 1919, and April, , 1920, 


ae On May 1, 1917, he became chief bridge draftsman, and | wendiil the 
Bee of that office until August 1 1918, when he was advanced to the position — 3 4 
of assistant engineer of bridges. On May 1, 1921, he was appointed engineer 


neer 


During the World railroad bridge work was: attended by numerous 


- major : difficulties, but, within this : trying period, e every phase of the tasks com 


--—- mitted to Mr. Lang’s charge proceeded to a successful conclusion. In 1919 ah 
be The Baltimore and Ohio Railroad Company commenced the reconstruction of oh 


4 
pete its Main Line bridge across the Allegheny River, at Pittsburgh, Pa. . In this ae 


work Mr. Lang discharged an active réle. The structural and operating prob- 
om lems were peculiarly difficult and complex, involving the construction of the Pe 
Ber eee new bridge at a level about 15 ft higher than that of its predecessor. ‘Real a 


estate conditions and War Department restrictions limited the working space, 2% 
and m major operations were by the jacking of the x main spans a verti- 


During the summer of 1920 work was on of 


a railroad bridge across the Great Miami River, Lawrenceburg, Ind. — 
project was completed in the autumn of 1921, Between 1920 and 1929 The 
Baltimore and Ohio adopted annual bridge reconstruction which 
ae _ involved a total of more than one thousand separate structures and an ager 
expenditure of approximately $30,000,000 . Among the, _large projects 
ce with which he was s associated during this period were the reconstruction of = | 
oa the railroad bridge across the Little Kanawha River, Parkersburg, ¥ ¥ Nee ee 


Transactions, Am. Soc. C. B., Vol. LXXXV (1922), p. 
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OF OF PHILIP_ GEORGE LANG, 
"projects at at Millvale, Pa., ‘Bond Hill, Ohio, Chicago, Ti. . Unique 
were presented by the reconstruction of the bascule bridge across the South ye tyes 
Branch of the Chicago River, in Chicago, where the new bridge 
at a low level, and auberquestis: raised to final elevation, a distance « of sbout 
Objects. of Mr. Lang’s care e included devices for the transfer of coal, ore ‘a 
a and other bulk materials at ports on the Atlantic Seaboard and Great Lakes. _ i 
aoe 1924 he supervised the construction of a large ore bridge at Lorain, | © . 


Ohio ~ As a result of his studies | new and improved devices, designed to » facili- : 


at points on The Baltimore and Ohio System, where it 
_—“mecessary to replace shorter tables. For several years he served as chairman 4 
of the Turntable -Sub- Committee appointed by the Iron and Steel | Structure — 

_ Committee of the American Railway Engineering Association, the result of 
whose labors i is -Tepresented in the Turntable ‘Specification of 1924, which is 


, The depression, which commenced i in the autumn of 1929, necessitated 


“metallic bridges by completed Mr. 

including a an ‘extensive program of welded repairs to the superstructure of the 


System. Ih central West Virginia the construction of in 
the Tygart. River ‘necessitated extensive line change, including the construc 
tion of numerous bridges. — During his final years Mr. Lang devoted his at- Ls 
to these projects and their associated problems. 
<t from the routine duties of his office, Mr. Lang’s activities ranged 
through an extensive fi field. For many years he was a member of the American — s 
Railway Engineering serving: on its Iron and Steel 
Committee. He was a member of the American Standards Association, direct- 
“ing his efforts especially along the lines of rivet standardization. March, 
1987, that organization published recommended rivet head standards, which 
seem likely to acquire general acceptance in the United States. = . 
For twelve years he served as Chairman of the Joint Committee on Federal 
Valuation of Railroad Bridges. U Inder his skilful guidance this work was 
"conducted through its initial stages, oni its creative accomplishment i is repre- 
- Sented i in a series of reports embodying es es ssential data for the use of workers 
in the field of railroad valuation. 
_ Structural welding early engaged his attention. Entering the J American 


Society, he was appointed chairman Gn 1934) of the 


— 
— 
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designing and erection 
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hed 


= - ae of the Lutheran Church, he served sev veral | terms as an elder 


‘MEMOIR or Paar GEORGE LANG, , JR. 
ship) this ‘committee selected the best features of American and a 
practice, and ‘embodied these in a specification, published in 1936, and since 
_ appearing in new and amended editions. A thorough discussion of the ap-— 
Se plication of welding to metallic bridges, written by Mr. Lang, forms a chapter Es 
; . in the “ Welding Handbook,” published by the American Welding Society in 
1988. - In October, 1937, the American Welding Society elected him to ‘serve 
as its president during the succeeding year. atid to i 
“aia Mr. Lang was connected with the Society for twenty-eight years anid ps 
pe the time of his death, held membership in its Committees on Structural = i 


Heat-Treated Steels and Movable Bridges. ‘During the term 1935-1986 


of serving as its for the 1937-1938 term. 
ie His contributions to professional literature are represented in n about seventy — te 
= - papers and articles, appearing in in the technical press. He served as editor of 
a) _ the “Railway Engineering and Maintenance Cyclopedia,” Editions of 1026, 


1929, and 1939, published by Simmons- ‘Boardman Publishing Corporation, 


‘Models of railroad bridge types, r representative of practice from the begin- 


Sf ning of the railroad era in the United | States to the present day, , built brome 


Mr. ‘Lang’s direction for ‘exhibition | at The Baltimore and Ohio Centenary 
a Celebration in 1927, were displayed subsequently at the Century of Progress — 


Exposition i in Chicago, : and finally ‘at Rockefeller Center, in New York, N. eA 
The social side of Mr. Lang’s life was represented by membership in 


various masoni and in Boumi Temple, Nobles of the Mystic Shrine, 


at Baltimore, for which latter organization he served as a Trustee. A lifelong — 


i Because | of his mastery 0 of technical details, his integrity, sincerity, a 


“activities | in working for the advancement of knowledge and p practice with 


3 ae to all phases of bridge , building,.he. he was recognized by his engineering 


associates as an outstanding member of the profession. oF 


He was blessed with a genial and companionable personality, and was essen- 


3 tially interested in his home, family, and a wide circle of friends. He was 


prominent and active in community affairs, and his ability and judgment were a 
24 always recognized and respected by his s associates. He became an enthusiastic 
discriminating philatelist, leaving a valuable and well-arranged collection 
of stamps. He wa was # interested i in art, made a of original 


“field of general literature, whieh also numerous authoritative 
on the ancient and modern history of his profession. 
anuary, 1907, Mr. Lang was married to Masts’ LeFort, of 


he , who, be one daughter, Eugenie (Mrs. Robert Carey Reeder, — 


- Mr. Lang was elected : an Associate Member of the ‘American Society of 


ar ies Civil Engineers on October 3, 1911, and a Member on November 21, 1921. 
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William Dominick Larrabee was born on February 2 21, 1849, at Horicon, — 


Wi i, one of the nine children of William ‘Morse and Mary Margaret (Haight) 
Larrabee. hen he was t one year old hi his family -moved to Chicago, 
Il. "There ‘William Larrabee’s youth 1 yas spent. in an “an gtmosphere of railroad 
administration, fc for his father was 3 socretary of the Galena and Chicago Union 
Railroad Company, end, later, ‘secnetary and ‘treasurer ‘of the Chicago and 
Alton Railroad Company. ~ Of this latter railroad, William Dominick Larra- 


as was cashier and paymaster ‘from 1873 to 1885. During this time 


ied technical subjects, and advanced y what he tnrmed his “ self education.” 


In 1887 Mr. Larrabee went to Los" Angeles, Calif., , and was — on 
survey w work by the late Edward Thomas Wright,’ M. Am. Soc. E. 
1888 he was in charge of construction of. three miles of cable road for the ae 
. Temple Street Cable Railway of Los Angeles. In 1889 he was a draftsman in a ie 


the city engineer's office ‘and was a deputy “under the city ‘engineer (Los 
Angeles). also, with Wright, Meysenburg and Company, contractors, was 
in charge of construction | of 10 miles of cable railroad for the Los Angeles 


Cable Railway Company. From 1890 to 1893 he .wes, with the Los 
Consolidated Electric Railway Company, first in charge of construction of 


J 20 miles of electric railway, and later chief « engineer in ‘charge of maintenance a 


of way and construction departments, including the construction of 30 miles" ea 


‘ of electric ‘railway. In 1894 and 1895 he was chief engineer of the Pasadena 
and Los Angeles Electric Railway, having charge of preliminary surveys, lo- lo- 


| 


J 


cation, and construction from Los Angeles. through Pasadena, Calif. »to A Alta- 

dena, Calif. (about, 40. miles, with | local ‘system at Pasadena), 
the next two years he was superintendent and chief engineer of 


Pasadena and Los Angeles: Electric Railway the and Pacific 


Railway in charge of the operating and construction departments. From 
{ 1897 to. 1905 he was Superintendent and chief engineer of the ‘Pasadena —_ 


all preliminary su urve eys and locations, had | ‘charge of ‘ai-aucleeueines of the 


supervised erec erman 


1903, was appointed chief eng 


— | WILLIAM DOMINICK LARRABEE 
\ 
| 
| 
| 
Fe 
=. 
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gr 
4 
ineer of the Beach Land Company, 
Memoir prepared by Harry W. Dennis, M. Am. Soc.C.B. 
| *Bor memoir, see Transactions, Am, Soc, C. E., Vol. LXXXI, December, 1917, p. 1791. a 


tructed a am a 200 ft wide, 


tide ‘and flush holding ocean water in a lagoon, and constructed 


= piers out into the Pacific Ocean (400 ft and 1, 500, ft long) - His retirement 4 


a from this’ position followed the acquisition ‘of the Los Angeles-Pacific Rail- 
road ‘Company by the Pacifie Electric Company i in 1905. 


In January, 1906, Mr. Larrabee joined in the “incorporation of the tind 


to Peak, County, ‘Ore. th February he became 
dent and general manager. The United Railways projected several electric a 


lines in the vicinity of Portland, and Mr. Larrabee made a 1 location survey | for 
e 3 a on from Portland to the base of Mount Hood. He resigned from the — 


ompany in August,1906. 


cn percent i electric railway venture i in which Mr. Larrabee was interested was 


‘known as the Redlands and Yucaipa Electric Railway 1 near Redlands, | Calif. 2 
this Project, Mr. Larrabee was general manager and engineer, and, 


although a ‘a preliminary location was ‘made, it did not progress beyond the pro- 


motional stage 
eee For | several years Mr. Larrabee was in Los Angeles as a consulting en; engi- a 


= an in private practice and then, in . 1918 , he entered the employ of the South- 
ern California Edison Company, Ltd. , of Los Angeles. ‘This engagement was 


= for a specific problem of railroad location in rugged: country as ‘s part ofa. 


power development program in the High Sierras. Although the location 


work» was completed, the line was not constructed. Nevertheless, Mr. 
— was retained by that company due, among other things, to his wide ac- 


qt ‘and his ability and ‘tact i in handling many special matters, Be 


ticularly in public ‘relations, and i in the acquisition of of way. ih 
ig 1934, in accordance with the terms of the Edison Company’ 3 pension plan, he 


Larrabee was as married, ‘at Parsons, Kans. on J uly 21, 1873, to Mary - if 


Adela Bemis. To them were born three children, Marion B., Mary W., , and 


John 8S. Larrabee, no one of whom has survived. Mrs. died 


Larrabee was a a member of John Marshall No. 636, Free and q 
-——evepted “Masons (West Hollywood, Calif.), and of the Lions Club (West 
Hollywood, Calif. yr He had ‘served as secretary of the West Hollywood- & 


- Sherman Civic Association, and as director of the West Hollywood Chamber oa 


if In nai national | polities Mr. Larrabee was a ‘a Republican who gloried i in the fact a 
that, quoting from one of his own letters, “* * * in 1856 I was old enough to 


make a big noise for our first: presidential "candidate, C. Fremont, and 
7 have hollered loudly for all our candidates since” = ee 
aii Mr. Larrabee was clected a Member of the American Society « of Civil Engi- <i 


a Member in 1929, 
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on February 13 eS 


the Hermann and Sarah (Beck) When a boy he was 
brought to to California by his widowed mother, his ‘father having di died when Lea . 


- the: son was eight years of age. His mother died when he ¥ was thirteen. There a 
“were two younger brothers, the care of whom devolved ‘upon the elder boy. ig 
Mr. Markwart’ 8 early education was obtained i in the public schools and at Me 
the California. School of Mechanical Arts, in . San Francisco, Calif. ‘ In Oc- 
tober, 1900, he entered the University of California, at Berkeley, Calif. 
“ ‘graduating in December, 1903, with the degree of Bachelor of Science in Civil - 
‘Engineering. While a student at The California School of “Mechanical Arts, | 
"young: Markwart maintained himself by work at the school. pon gradua- 


- tion from that institution in 1899 he went on a trip to the Philippine Islands 


- facturing Company and retained that position during the three ‘years at a. 
on 


University y. With the aid of assistants he worked on nm. bridges, transmi 


After graduation, Mr. Markwart was employed by the Pacific Construc- 


Company, contractors and engineers, as engineer on highway bridges 


- (fixed: and swing spans), trestles, reservoirs, and general work on both design 


“erp 
In September, 1904, Mr. ‘Markwart by ney California Gas 
and Electric Corporation (later the f Pacific Gas and Electric (Company) as 
_ engineer making efficiency tests on water- r-wheel | generator units, ‘and assisted 


Preparing layouts and installation of three §,400- hp gas engine generator 
cis, 


units. ‘He was also in responsible c charge of the plans for the g gas, air r exhaust, ue 
and water piping of this installation. Later he was appointed assistant civil — ty 
‘engineer for this corporation and as such had charge of civil engineering work 
From February, 1906, to J anuary, 1907, Mr. Markwart was chief 
and manager of the Syndicate Water Company, of Oakland, Calif., and was 
also vice-president and manager of the Richmond Water Company, an affli- a 
ated organization. As such he was _engaged i in investigation of water re- 
- sources on San Pablo and Wild Cat Creeks and the | design and installation « of 
water works and distribution systems for Richmond and Piedmont, Calif. it 


_ He organized the water: business. of these two cities and established them as Re 


anis 
‘This engagement terminated the two water companies were incorpo- 
_ rated with an older company and Mr. Markwart became a member of the firm ae a 


Memoir ir prepared by John 
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and’ Galloway, Architects and Engineers of San 
cisco 


a 5 firm had charge of the design and construction of buildings i in San Fran 

and vicinity costing more than $3,500,000. They were architects” of the 
Alaska-Yukon-Pacific Exposition o of 1909 in Seattle, Wash., in connection 
= which three buildings anda p power plant were built for the U: niversity 
of Washington at a cost of more than §2, 000,000. Markwart organized 
and administe red the ‘Seattle office of the firm until the completion of the 

‘The firm of | Howard and _ Galloway was dissolved, ¢ and the firm of Galloway — 
Markwart, Consulting Civil Engineers, was: “organized 


q = 1908, and continued in this form, with intermissions, until ‘November, 1920. 


During the years 1909 ‘to 1912 the firm made numerous reports of hydroslee, 


3 Blectrie Corporation, later a part of the Pacific Gas and Electric Company. 
Mr. “Markwart suspended professional activity i in the firm in J uly, 1912, 
Bs and until April, 1915, had general charge of construction at the Panama- = 
cific ic International Exposition, as chief of construction and a assistant 
. These activities included executive work and engineering man i: 
= and involved varied engineering studies, construction programs and 


estimates, the drawing ‘of construction contracts, the development and control 


a Galloway and Markwart, of the same general 


I ter as that in the period 1908 to 1912. Among other 1 works the firm designed : 
and constructed. a8 hydroelectric plant for the United States Government in iy 


During the “World War, when Mr. Galloway was called to France, Mr. 
condueted t the business of the firm alone. He completed the con 
struction of the hydroelectric plant i in Yosemite ‘Valley and other unfinished — 2 
, “a work of the fi rm, did engineering: work of a general character, made reports 
on ship plant financing, as as the . representative for bondholders, ‘and acted | as os 
general manager of the Clyde Company on behalf of the U. 8. Saivong 


Board Emergency Fleet Corporation, spending approximately $1,000, 


; a. In the years when Mr. Markwart was in practice alone he acted at differnt 

4 times as consulting engineer ¢ or did work. engineering and management — 

or the fo owing organizations: Panama-Pacific Internationa xposi- 
for the foll ‘The Pacific I 1 E 


oo tion, United States Department of Interior, the Ordnance Department of, the 


Shipping Board Emergency F leet Corporation, the 


bankers of Cleveland Ohio, Company | of New ‘Syndicate 
Water Company, Pacific Gas and Electric Company, and the Bethlehem Ship- + 
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“MEMOIR” OF ARTHUR HERMANN MARK WART 


of Galloway resumed. They engaged in the usual 
practice of civil engineering, involving irrigation system reports, financial 
and construction of water works, sewer and 


ing and supervisory. service e of a varied character to the ‘iilddie = organiza 
tions : Oro Electric Corporation, Great Western Power Company, Turlock ne “a 
Tr rigation District, Merced Irrigation District, Northern Electric Railway a 
ompany, and the United States Government. O06 
The Pacific Gas and Electric Company engaged Mr. Markwart in 
eee 1920, and he continued in this service for nearly twenty -years—until ec 


Qe 


= 


his death in 1940. The management of the company adopted an extensive ae 
program of of hydroelectric development. realized the need of a department, 
major activities of which would be directed ‘especially to technical in 


tion: of the company’s properties. As a result: the Department of of Engineering 
was organized. Because of his ‘outstanding ability as an executive ‘and an 
engineer, Mr. Markwart, on November 1, 1920, was employed as director of 
engineering t to to organize and conduct this work. Subsequently, ind January, 
1922, he was - promoted to: the position of vice- ce-president in charge of engi- es <i 
‘neering, and became an administrative and management officer of the com- aoa 

He was charged with the responsibility for the ‘of all hydro- 


distribution lines; water puinphig and collections “systems street rail- 


= ways; . the ‘designs or specifications for all electric switches, transformers, and oe 
meters; the preparation of standards: governing all phases: of engineering 

wor ck; and research work. including testing and inspections. organiza- 
recently contained about 200 engineers and technicians. 
this, capacity Mr. Markwart prepared programs for meeting future 


er power demands of the company and developed comprehensive schemes for the ce Rae: 
production, transmission, and, distribution of electric energy. These studies 
embraced most of ‘the important rivers in ‘northern California and several 
During the twenty years of his employment, “Mr. Markwart directed the 


> 


ring: on work costi ing about $300,000,000. Comprehensive studies and 
of projects for the Pit, Feather, and Mokelumne River hydroelectric 
developments were undertaken, including elated | transmission and distribu- 
tion facilities. The proposed ultimate capacity of these three developments 
totals 1,376,000 kva, of which 459,000 kva have been installed. 
Major construction work included the following: The completion of the 
Hat Creek No. 1 and No. 2 and Pit No. 1 plants, construction 
oe ; of which was started prior to Mr. Markwart’s em ployment; the Pit River No. e 
ay plant of 81,000-kw capacity; the 908 kv transmission line from 


Pit + River to a main’ step-down and synchronous condenser substation near th A 


‘Catt; this being the first 220- kv transmission line ev 
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River of 71,000-kw capacity; the Melones tunnel and ‘power housh of 4 > 
27,000-kw capacity; the installation of two 50,000-kva turbo-generators and 
three boilers to ‘operate at 1,400-lb pressure at steam Station “ A,” San Fran. 
a _— eiseo, these being the first high pressure installations i in the West; the recon- a fe nr N 
struction of steam Station Oakland, including new high pressure boil- 
and a 50,000-kva turbo-g a group of four substations to supply 
ss power for electric train operation over the San Francisco-Oakland Bay Bri ne 
power to the Golden Gate International Exposition; the installation of “Loot 
new 50, 000-kva steam turbo-g -generator plants to be completed i in 1940. ober« 
Notable among the individual structures built under Mr. Markwart’s engi- tom 
ig “neering direction are: The § Salt Springs Dam on Mokelumne River, this being oe of th 
the highest -rock-fill dam in existence; Pit River Dams No. 3 and No. 4, con- 
crete gravity-type dams on unusual foundations; Tiger Creek Forebay Dam, ober : 
a reinforced concrete flat slab and buttress type; Tiger Creek Afterbay 
Lyons Dams which are concrete arch ¢ structures; the Philbrook Dam which is end 
a rolled earth structure; the 4-mile Pit No. 3 concrete-lined tunnel through 
Ww lava formations; the mile Stanislaus tunnel ; and the -story 
general office building | of the company in San Francisco. tg 


an executive, economist, and an engineer, Mr. Markwart's work 
: the company outstanding. integrity, broad vision, brilliance of 


mind, and fairness commanded the respect and of those who were 
associated with him during his twenty years of service. 
At various times Mr. Markwart contributed valu able papers and 


sions to numerous technical and organizations. Principal among 


: Reg ional Review of Power Seas” Distribution and Utilization for ape, 


“Pacific Coast States, U. S. A.,” prepared jointly with the late H. 
Barre for the World Power Conference of 1924. 


Power in California” for the Franklin Institute of Philadelphia (Au- 


13 “esifi « Aspects of Steam Power in Relation to a Hydro Supply ” for the Ameri- 


Pumped- Storage Hydro- Electric Plants” for ‘the American Society of 
x “The Philosophy of Private: of Public Utilities ” for ‘te 
pe Recommendations for Legislation and for Aapilention of Law” for the 
_ Power Division of the American Society of Civil Engineers (1930) 


Future of Water Power Developasent in California ® for the Na- 
tional Electric Light Association Convention, San Francisco (1930). 


tro Power Development | on the Pacific Coast, Its Immediate Future” for 
‘Power Surplus in California” for Electrical West (1984). 
by A. H. Markwart of “ Pamped-Storage Hydro-Electric Plants,” by Wil- 


liam W Am. Soc. Cc. Transactions, Am. Soe. C. E., Vol. 94 ol. 96 
re 


Published as part of the Symposium on Supervision of Dame,” Transections, 
Am. C. E., Vol. 98 (1933), p. 828, = 
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 Mingled Hydro and Steam Power Production in California—Past, 


’ a Present and Future” for the American Institute of Electrical Engi- a 
neers’ National Convention, San Francisco (June, 1989). 2 


Mr. ‘Markwart’s activities extended into the business world, where 
‘a member of the Board of Directors of the Russ Building Company, The a y. 
North American 1 Investment ( Corporation, and the Commonwealth Invest-— 
ment Company. He was also a director of the San Francisco Remedial any 
(a charitable organization). In 1922 he became a mem- 
ber of the Board of Trustees of the California School of Mechanical Arts, fa 
- from which he had graduated as a young man. In 1933 he became President — by | 
oF the Board, a position that he held at the time of his deathe = 
% os He was a member of the Astronomical Society of the Pacific, and a mem- ge 
and past- -president of the Pacifie Coast Electrical Association. He was 
with the Phi Delta Theta fraternity and the Sigma Xi honor society ; 


and a member of the Olympic, Bohemian, and Engineers ¢ clubs of San Fran- a : 


as 


: 3 cisco, of the Commonwealth Club of California, and of the Bankers Club of | ee) 
Mr. Markwart was m: married Marie L. Chesebrough, on on May 26, 1908, and 
she, with fou four sons is, Arthur Jr., Henry Chesebrough, J ‘and Philip Gor- 
survives him. A Elizabeth, is deceased. 

| This is a brief record of the life work of an intensively active man, whose 


“death oceurred all too soon. ft is a signal ¢ example of how a poor boy, 
5 an an orphan at an early age, without relatives or. position, worked ‘constantly 


a. upward toa high Position i in the | business and d social w world of the West. gue a 
tiring industry and an exceptional mentality, accompanied by a m “ 


a personality, explain his success. _ Wherever he went, and in all of his oc- p 


‘cupations, his personal charm made friends of all with whom he dealt. 
of his most salient characteristics was ‘the s sense of absolute honesty, integrity, 


ze and justice that pervaded all of his contacts with his associates and with | the 


public. His departure leaves gap in the engineering and financial 


2 and to his close associates a sense of great loss, especially to those who have > ee 


prepared this memoir, one of was closely associated w with Arthur Mark- 
Mr. Markwart was elected an Member of the American Society 
at Civil Engineers on 9, 1906, and a ‘Member on on January 18, 1916. 


Frederick Mears, Colonel, United | States Army (Retired), military and civil 
engineer, was born at Fort Omaha, Nebr., on May 25, 1878. He was the son a *, 
Memoir Ralph Budd, M, Am. Soc, C, and R. C. Jamieson, Bsq. 
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ie received his education in “the public schools of New York, N. Y, “a 
: - Spokane, Wash., and at Shattuck Military Academy, in Faribault, Minn., from — 
which he was graduated i in 1897. He was a distinguished graduate of the eU.8, 
‘Infantry. and Cavalry School, in 1904, and of the U. S. Staff College, i in 1905, 5 uE 


terests and his: natural love of engineering construction. His boyhood sur- 
of army life in him a loyalty to the service, and his 


assignments and to his success in them. 
oe) |S Stevens gave young Frederick Mears his first railroad job after his a 
Jgabahes from the Shattuck Military Academy in the same class with Mr. bee 

Stevens’ son, Donald. _ Mr. Mears went to the Fergus Falls Division. of the 

Great Northern - Railway as cl chainman and i in two years worked up through the 


: grades of rodman, levelman, and transitman to resident "engineer of ‘the 
= _ Kootenai Valley, Bedlington and Nelson Railroad (a Great Te 


sidiary) in Northern Idaho and British Columbia. _ i 


‘a aif The Spanish War led to his enlistment in the U. 8. Army i in 1899, “lat 
was sent to the Philippine Islands during the Insurrection. _ He was commis- Sy 
fe) sioned Second Lieutenant in J uly, 1901, and continued his Service eae the = 


5th Cavalry at San Isidro, Luzon, P. tL, for another two years. a 


ae _ After leaving the Army Service Schools at Fort Lidlwosh! he hel 4 
"position of resident engineer on construction of the Little Rock Southern 
Railroad at Fordyce, Ark., from July to October, 

_ Army orders then transferred him for a short time to Fort - Huachuea, Ariz, 2 
a back again to Fort Leavenworth to serve as aide-de-camp to Gen. J. Frank- ; * 
lin Bell. ‘He ‘continued to fill this assignment ‘until General Bell’s appoint: 
“ment as the first chief of staffofthe Army, 
In 1906, at the request of Mr. _ Stevens, then chairman and chief engineer — 
of ‘the Isthmian Canal ‘Commission, Lieutenant Mears was detailed as track a? 
foreman in Culebra Cut. - When the relocation of the Panama Railroad was 
undertaken, he was assigned to that by Mr. Stevens and continued the ae 
under ‘the late George W. Goethals,? M. Am. Soe. OC. E., Colonel, Corps of En- | 
gineers, U. 8S. Army. _ The work was under direct supervision of Ralph Budd “ 
and, in 1909, following Mr. Budd’s resignation as chief engineer of the Panama 
- Railroad, Lieutenant Mears was appointed to succeed him. Tt wa was ; during 
those years of service together in the Canal Zone that a professional and per- rs 
‘sonal friendship that never broken was formed between Mr. Budd and 


= As chief « engineer, Lieutenant Mears also had charge of _the design an 


of the reinforced conerete terminal docks at Cristobal and of a 


ae ae Lieut. Col. Frederick Mears, U. S. Army, a veteran of the Civil War who ame 
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Hotel on Colon Beac h. He made on survey for the id ‘Rai 


road for the Panama Government—350 miles of line e in the western part of 
“the republic. Herr to tov: muti adj mak 
In 1913 ion was appointed general superintendent and chief engineer of the a 
4 Panama Railroad and Steamship Lines, having entire charge of the operation ay ‘ 
and maintenance of the railroad and of affairs pertaining to the ‘steamship ee 


When the Alaskan’ Engineering Commission for the location and construc- et 


on of of a ‘government railroad in Alaska was created by Congress, ‘Lieutenant 
Mears ¥ was appointed a ‘member on the recommendation of Colonel Goethals. 


Woshinetom; sailed on June 6 for Alaska. The summer that year was 

: preliminary surveys to determine the best route from an ice-free port to the am 

interior of the ‘Territory. Lieutenant Mears made a daring and hazardous 
reconnaissance with one man and a ack train from brad Creek to F airbanks. 


peep smoothly over the same country today give indication of the diffi- 
“culties of that trip. Sucking swamps, ‘swollen rivers. crossed 0 on improvised 


miles of of cutting trail, ‘shortage of ‘rations, vicious mosquitos, and 
sprains, and cuts sewed up with common needle and thread were ‘some | of the = 
& 


hardships which Lieutenant Mears and his guide, Jim Wilson, encountered. _ 
Their arrival in Fairbanks was made memorable by the news that Great a 
The route first covered thus was recomended by the approved 
Pe by the Secretary of the Interior, and construction started in the spring of 1915. 8 


Commission headquarters: : were ‘established at at the new town wel Anchorage an an 


the grades of Captain ‘and Major in n the ‘regular In Ja anuary, 1918, 
5 after insistent application for active service, he was commissioned Colonel of 
. the 31st Railway Engineers and returned to the United States to recruit the oe 


‘| B's regiment. He made a tour of the training camps and selected twelve hundred - f 
experienced railroad men. _ They sailed for France on June 6 and rendered ne ; 
distinguished service on the French railroads for a year. baa. 
Colonel Mears served under the late W. W. Atterbury, M. Am: ‘Soe. C. 
Brigadier- General, U. S. Army, as assistant general manager and then as gen- — ad ae 


os eral manager of transportation at Tours, France, until May, 1919. — 4 


quently, he received the Distinguished Service Medal with the — a 


with distinction as Commanding a of the | 31st Railway Engineers, tf 
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MEMOIR OF ‘FREDERICK (MEARS 


as Assistant General and General Manager, Railway. 
ta Department, Transportation Corps. Due to his remarkable executive abil- 

and skill as an organizer, the railways of the American Expeditionary 
ae 8 Forces were operated with rare success and the huge transportation prob- 4 
Jem involving the carrying of tremendous quantities of supplies from the et 
base ports to the fronts, was satisfactorily solved” = | 


h Legion of rhe = 


Honor, persona rench Army. 
“ See Secretary Lane recalled Colonel Mears to the Alaska Railroad in May, 1 1919, ae om 


ee nd appointed him chairman of the commission in full charge of the w work, 
He remained until the completion. of the railroad in 1923. 
_ When ‘President ‘Harding drove the golden spike in the Tanana ‘River 
Bridge on J uly 15, 1923, Secretary of the Interior Hubert Work | said of 


ag “Tt has been said that every great achievement is but the shadow of a Pe 
‘end man. If so, it must in justice be said that the Alaska Railroad is the ae 
shadow of an intrepid builder, once a Lieutenant of Cavalry, later a - 
~ Colonel of Engineers overseas, whose construction, like his character and <e wi 
- conception of service, was without flaw. This great builder, clearly, has Ke 
woven himself into the fabric of this railroad and enshrined in the hearts 
_ of the Alaska people, the name of Frederick Mears. Fifty-six millions ye 
— dollars were expended by this trusted servant of a generous em 
in a wild country, with little supervision, but without avoidable error.” — ue pes. 


— om The golden spike was marked with his name and presented to Colonel Masia ae 
i“ by the citizens of Anchorage. _ It remains a cherished possession of his family. ie 

completion of the Alaska work in 1923, Colonel Mears retired from 

_ the Army and accepted an appointment as chief engineer of the St. Paul ae 

Qfinn. ) Union Depot Company, succeeding W. ©. Armstrong,* M. Am. Soc. 
E., who died June 12, 1923. The completion of the modern passenger 


tion and accompanying track layout, which are owned and used by the nine 


apparent that. some 20 of revision, as as a 
a . weald be necessary to provide the same e general character of railroad ‘that pre- 


omens Wash. (73 miles). The work to be done was in precipitous moun- 
ce terrain, and the experience and skill which Colonel | Mears possessed to @ wee, : 
marked degree fitted him peculiarly for this undertaking. He e succeeded O. S. ob: 4 
Bowen, M. Am. Soe. ©. E., as assistant chief engineer in charge of Lines West; 
; with headquarters at Seattle, Wash., in 1925. (It should be stated here ‘that A 
{fy < _ Mr. Bowen was thoroughly qualified in every way and that his replacement 1 was aes 
aa because of severe arthritis, which necessitated a change in climate, and accord- es 
he was transferred to ‘St. Paul. ) Colonel Mears conducted the 
tien for the new route across the Cascade with great thorough 
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MEMOR OF | 


and, late i in 1926, the 8- milo. Cascade Tunnel was 


for traffic in Js anuary, 1929, establishing: a new record for tunnel ~ 


project, , should stand as ‘monument to Colonel Mears’ “engineering ability. 
‘ t has been 80 beige described by him ° that it is not necessary to dwel 


a a more pea 3,000 ft above | the tunnel grade, and work was started at both 
. ends, as well as in both directions from a shaft. ‘Yet when the bore was holed 


sonally ‘supervised the engineering work on n this and deserves the 
 eredit for its successful execution. course, during his entire service as 
sistant chief engineer, from 1925 to his death i in 1939, considerable improve-_ 
~ ment: and replacement work was being done. The largest railroad extension 
during that period was the Great Ni orthern ‘Railway from Bend, Ore., to 

_ Bieber, ‘Calif. a distance of 235 miles. ‘It involved 160 miles of construc- 
; x tion, which was s done under Colonel Mears’ supervision and completed in 1931. ee 

acknowledging for ‘the War Department the of Colonel Mears’ 


death, Gen. Malin Craig, « ch hief of ‘staff of the U Army, a and a personal 


Colonel Mears was an of fine and 
4 = attainments, with an exceptional knowledge of railroad and engineering 

construction, and was at all times found equal to the important and re- 
sponsible positions in which he was placed during his many years of loyal 


an engineer and executive, Colonel Mears always had a broad view of — ay 


‘He often exacted hard 
er 


Throughout his life Frederick Mears stood for the highest and finest in 


He was known first and foremost for fairness and justice 
= of his splendid mind, his entire | lack 
absolute honesty of thought and purpose, and his real kindliness and tolerance 


who really knew him. “ He could walk with ‘Kings, n nor lose the ok ae 


oat He loved the outdoors with | the real pete rk of those who spend most ee 


Am. Soc. E., Vol. 96 (1982), 
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and the Unumstick Line On the east 
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a fished with great enthusiasm and had 
pleasures. He hunted and fis phy was one of his life-long hobbies, 4 
specimens to show for his skill. Photograp his skillful use of light meters 
f his meticulous p — 
and, because o ture re — 
range finders, he has left a 


- and almost his closest friends. He read weasel anil biography with an atlas a3 
this elbow found ‘the ‘trouble modern ‘society in ‘con- 


survey and report of the snow- -retard near the 
= on ‘the Bernese in ‘Switzerland and of that on the 


engineers and had much pleasure it in the nev report, 
was last ; contribution to engineering. 


ghildeen, J Wainwright ‘and Elisabeth McFarland,’ were 
f aE born to them in the Canal Zone, and two younger children, Frederick, Jr., and © 
Rogers, were born in Alaska. Helen died in 1929. 


__ Colonel Mears was elected an Associate Member of the American” Society : 


SAMUEL PHILLIPS MITC HELL, M. Sen, 


Secure rea j 


_ Samuel Phillips Mitchell was born on June 10, , 1864, in Richmond, ‘Va. 


the son of Samuel Phillips and Mary (F ry) Mitchell. 


et 


_ Prior to 1900, the art of designing and manufacturing metal bridges in 
the United States, historic treatise? of the late Squire 


“esses rapid. However, of | building ‘the bridge in 
oS - field, although usually carried out with great skill, were generally performed 


with a very limited amount of engineering direction and in the same manner 


First, a temporary timber falsework carrying movable timber hoisting 
~ | 


apparatus, ealled a traveler, was built. Then the bridge 1 was erected on the 


"spans “were short, the timber falsework w was minimized or, if possible, ‘omitted. 


Memoir prepared by R. Murray, M. Am. Soc.C.EB. 


2A Work Upon Bridge Building, Consisting of Two Essays, the One Elementary an¢ 
_ General, the Other Giving Original Plans and Practical Detee; bai Iron and Woode 
by Squire Whipple; H. H. Utica, N. ote 
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in cost as 
“rapidly a as “it diminished. The timber structures needed many men for con- 
operation and the field workmen of ‘the time were 
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were on a par with those of the shop and office. 


— year 1900 saw the am amalgamation ‘of all except a few of the pr principal ‘2 
Sey bridge companies into one company. This company was officered by a group 


ae : selected from the staffs of the constituent companies, resulting in a body of : 
8 men of exceptional | ability. The | engineer placed in charge of the field work — 

2 i. Mr. Mitchell had entered 1 railroad work, in 1883, for the Danville a 

River Railroad | Company and the Baltimore and Ohio Railroad 

“is 3 His work for the Baltimore and Ohio Railroad Company covered the construc- 

. tion « of its extension from Baltimore to Philadelphia, and in the large br idges Meee e 


the Susquehanna ‘and Schuylkill rivers he found his métier. When his 
work was completed in 1887, he secured employment with the ‘Bdgemoor 
Works of Wilmington, Del., where his advancement was rapid. He 


ver ‘many of the ‘principal 1 rivers of the United States. It was found chat 
competitors might equal or even surpass in design or 
anufacture ; but few could match the economy and speed of the field or 


ganization. ‘Therefore, when Edgemoor joined the amalgamation, Mr. Mitch- 
ell was the logical choice to take charge of field operations. It is not too Bc i 
to say that i in this period (1900-1908) as chief engineer ‘of the American 
vn ‘Bridge Company of New York he revolutionized field methods of bridge build- — Br 
> thei The use of timber was minimized, and wooden travelers were discarded and 


“3 ~ replaced by several types of heavy bridge erecting cars designed under his 
Supervision for repeated use for various kinds of bridges. ‘When these were 
he not suitable, steel travelers capable of re-use and locomotive cranes were used. : 


& Manila rope and wooden shell blocks were abandoned where possible, poy ao 

-teplaced by wire ‘Tope and steel blocks. Hand ‘riveting: was abandoned and 
advanced power units were used. Limited engineering preparation and super- 

a of field work were replaced by general’ consideration and direction 7% 


nearly all work by engineers. In short, the field d was brought into ‘equality ; 
3 with the shop. The success of these ese methods i is perhaps best shown by the a 
fact that, although bridgeman’s wages rose in this period from 30 cents an hour a z 
to 50 cents, the cost of bridge erection did not increase. For some types of 
a In his relations with labor, Mr. Mitchell won n the respect and loyalty of all oA 
who knew him. His were firm, but based on sound judgment and 
justice. The national association of employers which dealt with field labor 
matters was headed by him as chairman of the Executive Committee from its — 
— inception until his death. _ When questions of wage i increases arose, he was 
usually found « on ‘the side of the: men, conditions it. foe 
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tuted by him. the next years, under his direction, 
ae company built several hundred bridges without mishap for many of the 
_ principal railroads of the East. Also, Mr. Mitchell organized and headed the — ‘i E 
American Equipment Company, which company i is still engaged in the manu- ee 
facture of bolts, nuts, and rivets. dirt! 
His consulting practice began at this time and the 
ifficult to 
but perhaps the Sciotoville over Ohio ‘River for the 
Chesapeake and Ohio Railway Company and the Castleton Lridge over the i 
River for the New York Central Railroad ‘Company might be m men- 


field “construction and brought to successful ‘completion the great 
Bridge over the St. Lawrence gwar itt Bat 


outside his From his. F rench Huguenot. forbears he 
é ae inherited a feeling for art, and he was himself no mean water colorist. In 
his Edgemoor days it was not uncommon to find him hard at work i in some “S 

= gylvan spot with his easel and brushes. He enjoyed the theater and in his as 

Mu memories he treasured the great names of the past—Bernhardt, Terry, Mans- 
field, Irving, and Booth. His reputation in gastronomy was ‘secure, and no 


one refused an invitation to one of Mitchell’s dinners. For such an n event 


utdid himself, and the sommelier was persuaded to seek the special reserve. 
At his place in Germantown, Pa., where he lived for nearly forty years, he 


‘spent much mes and money in the design and care of vit formal garden which ff 


: a S. - Bo trouble was too great to take. The chef was courteously harried until he 


_ Mr. Mitchell was dignified and _ courteous, but taciturn. That he was 
modest i in a deeply sincere § sense is demonstrated by a circumstance e affecting 
his application for a professional ‘engineer’s license in Pennsylvania. ‘His 
‘Statement of professional record was terse—it barely “hit the high rats 
| When he was asked to elaborate, somewhat, to fill the standard needs, he 
up pplied a record that was several pages long. — This file in the archives of the $. 
Pennaylvania Board 06; | is a most valuable biographical 
‘ The friendships he made were deep and warm, but not many. _ Those 1 who - 
him best will remember him in his characteristic pose, seated ats a desk, 
"meticulously groomed, with a rosebud in his lapel, a cigarette in one hand, 
= while he tugged at his little red beard with the other—all the time carefully 
and thoroughly mentally analyzing the matter before him. ‘His interest in 
the technical advancement of his profession was great w was shown 
by his disposition of his residuary estate which he divided between the in- 
stitution which he attended—the University of V irginia—and that which his 
attended—the University of Pennsylvania, at West Philadelphia, Pa. 
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MEMOIR OF CHARLES» 


married early in life 


“with their only son, Donald, survives him. _ OF 


_ His clubs were the Racquet Club, Salmagundi Club, Engineers’ Club of 


was also a member of the Engineering Institute of Canada. 


q Philadelphia, Engineers’ Club of New York, and the Wilmington Club; he 4s 


Mitchell was elected a ‘Member of 


_ CHARLES NICHOLAS M' MONSARRAT, M. - Am. Soc. E.!- 


t. te Charles Nicholas Monsarrat was born in » Montreal, Qu ebec, Canada, on ; 
Tu uly 2, 1871, the son of the late Mark R. and Mary E. G. Monsarrat. ~~. 

traced his ancestry back through several generations to the north of Ireland ae 

where his forbears settled as Spanish Huguenots fleeing from persecution. 
Asa youth, in 1890, he joined the engineering staff of the then young and ~ 

vigorous Canadian Pacific Railway Company, and through the usual channels 


those days, namely, rodman, chainman, transitman, and 


tion and maintenance of all structures 0 on the system whether 
- concrete, or steel, and in addition he and his staff did the office work incident — 
to the design of new. ‘construction and the su supervision of erection i in the field. bs 


occupied this office until 1911 and devoted his attention to many 


‘Projects of the Canadian Pacific Railway during this period of wide expan- a 
ion. _ Among these, the : most notable is , perhaps the Belly River Viaduct, near 


he. direction, ‘were the high-level in Edmonton, 
2 a combined railway and highway structure over the North Saskatchewan River, 
and the original cantilever bridge over the Fraser River below 
aa British Columbia. lth was; during his régime as engineer of bridges that the 

reconstruction of the famous Lachine Bridge over the St. Lawrence aa 

Montreal was: undertaken—the four- span continuous structure designed in 
1885 by. the late O. Shaler Smith, 2M. Am. Soe. C. E., was ‘replaced by 
a independent single-track structures built side by side on common piers to 


constitute a -double-tr ack crossing 8,659 ft long. Before this work had been 


‘completed, however, Mr. Monsarrat bapa appointed by the Department of Rail- 
ways and Canals to succeed the late H. E. Vautelet as chairman and chie 
"engineer of the Quebec Bridge Board, which Board had been set up by the HA 

4 Dominion Government to undertake the task of designing and supervising ay 


Memoir prepared by P. L. Pratley, Esq., Montreal, Que., Canada. 


2For ‘memoir, Soc. E. XIII, August, 1887, p 105. 
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MEMOIR or NICHOLAS MONS! RRAT 


“The drighnal Board of ~ had been appointed in 1908 ‘following | the 
Report of the Special Commission regarding the 1907 catastrophe, but sik 
the receipt of tenders preparatory to the award of. contracts, the late Mr. : 
Vautelet, who previously had also been engineer of bridges for the ‘Canadian ye 
i, Several years were required to build the « deep- water granite-faced piers and 
to fabricate and erect this great cantilever span which still retains Premier: 
_ Place in its own ‘dass of structure; and upon its ‘completion, the services of % 
- Mr. Monsarrat were retained by the Department of Railways and Canals as re 
- eonsulting engineer, he and selected members of his staff being moved to Ot- ae 
= pf tawa, Ontario. In 1920, when a the Dominion Government decided to take ; over ba? 
Grand Trunk Railway Company, the Department set up a a special ‘staff in 
Montreal to undertake the investigations which were a necessary preliminary 
re to arbitration proceedings, and Mr. Monsarrat was requested to recommenda 
a bridge engineer and to supervise the organization. of a bridge inspection office et 
ee for the examination and valuation of all the bridges on the Grand Trunk hip 


System and its” subsidiaries. For this appointment he recommended and 


i 


secured the writer, who was engineer of the Dominion Bridge 
ie Company, and who had served several years as assistant engineer of design on 
‘the Quebec Bridge Board under Mr. Vautelet and later as engineer in charge ae 
+ of design for the St, Lawrence Bridge Company, the successful tenderers for _ 
the superstructure. Monsarrat, although stationed in Ottawa, undertook 
to visit Montreal weekly during the preparation of the inspection reports, 
sheets, ond other data, in the expectation of giving expert evidence 
ee s the sitting of the Arbitration Court. However, the decision of the Court ‘ 
was reached on financial grounds without the presentation of detailed ‘technical Bx 
. evidence, and in due time the Canadian National Railways system came into 
being. ap The office of consulting engineer to. the department was abolished a and — 
Monsarrat was appointed to the ‘Operating Department of the new or- 
ganization as consulting engineer on bridges, his staff in Ottawa being ab- 
sorbed into other divisions of the department. As only part of his time me : 
professional and entered into private practice a5 consulting civil 
engineers in April, 1921. ophivt sitiilwal od? fo 
ee: _ This partnership continued until the death of Mr. Monsarrat and was pro- be 
a é. ductive | of much important engineering work, largely in | the field of ‘major 
bridge projects. Among the more outstanding contracts on which they were 
. ") engaged as consulting, designing, and supervising engineers are the Montreal — 
= Harbour Bridge (Jacques Cartier), 1924-1931; the reconstruction of the See. y 
ond Narrows Bridge in Vancouver, 1988; 1934; the bridge at the 
Isle of Orleans near Quebec, 1933- 


First ‘Narrows at Vancouver, 1933- 1939, They were engaged as consulting 


associate engineers on the International struc 


Gngineers on design to the general contractors for the Detroit- Ambassador 
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tures sat Sarnia, and Port Huron, Mich. 1928-1938 , and the Thousand 


‘the Niagara District for the International Railway Company of ‘Buffalo, | N. a t+ 
In 1929 this partnership ‘became associated as structural engineers in a 
greater partnership b bearing the name of and Engineers, 


proposed new passenger terminal for the Canadian National Tailwape, at the 
s Dorchester ‘Street site in Montreal. This undertaking was part of a very 
‘comprehensive railway project (the estimates for which amounted to $50 ,000,- oa 
000), and involved e extensive relocation of trackage, expansion of facilities, a 
new offices, and | a large program of city, planning to absorb the numerous 
new bridges and viaducts necessary for the establishment of a modern uptown 
railway station. Being subject to political control, this entire scheme 
suspended. in 1931 by the new administration coming into office after 
federal election, and only in 1939 was work resumed at the site. _ The project 
was considerably reduced in magnitude, the engineering contract was can-— 
‘and the technical work absorbed by the railway’s own staffs. 
Mr Monsarrat was always interested in military affairs. and i in his early life ay 
“served with the Victoria Rifles of Canada, one of the oldest militia units in a 2 
“the Montreal District. ic In 1905 he took out a commission in the Royal High- a { 
- Janders and rose through all the intervening ranks to the command of the regi- a a. 
as Lieutenant- -Colonel in June, 1915. At the end of the World War i in 
- 1918 he retired to the reserve of officers, from which he: was released con 
reaching the age limit of liability to recall for service. 
2 bas ~ Colonel Monsarrat was a member of the Engineering Institute of Canada, BA 
upon whose Council he served during the years 1910, 1912, 1918, and 1914, and ‘ tC 
of which he was Vice-President during 1917. He was a charter member of the 
; Corporation of Professional Engineers of the Province « of Quebec, and served Be 
on its Council during the e period 1921-1937, being vice- president during 1926, ri ; 
1927, and 1933. For many years he was a member of the American Railway 


real, where his professional advice was highly appreciated. For many yea 


he was a director of the Canada Foundries and Forgings Limited, | whioes pri 
cipal plants are in Welland and Brockville, Ontario. His recreation was golf, 
_ but he also enjoyed the pleasures of touring by automobile. He was of a most ray 
3 kindly a and companionable disposition, was abundantly endowed with the sav- oe 


ing grace of humor, and brought to bear on all problems a wealth of sound = a aie 

tae: was married on F ebruary 9, 1898, to Mary Alice F oster in Montreal. xe 

He i is surviy ved by his widow, on one one daughter, and three ‘grandsons. 


‘Os Colonel Monsarrat was elected a Member of the American Society of Civil — 


ngineers on March 4,1918. 


= 
= 
A 
i; 
4 
fy 
of the Anclicsn Church of St Mont 
building committees of the Anclican Church of St Tamec th 
4 ae 
rags 
| 
: 
Zz 


Asa Hall Morrill was born in the Penacook Section of the City 0 

N. H., on October 7, 1870, the son of George S. and Clara A. (Moody) Morrill. ise 

Following his education in the public schools of Concord, he entered the 
Wars 


Massachusetts Institute of Technology, at Boston, Mass., from which he was 
graduated in 1892 with ‘the degree of Bachelor of Sciencen 


Morrill was reared i in an atmosphere of engineering. For thirty- 
oy years his father, the late George Morrill, M. Am. Soc. C. E., was ac actively 7 
gaged in engineering, first as chief engineer of the Old Colony Railroad Com- Ki Ex 
‘pany and later as ‘Division Engineer of the New York, New Haven and 
Hartford Railroad Company 1 upon the consolidation of the Old Colony 
the New Haven Road. Asa Morrill’s brother, Harley Ww. Morrill, 


- engineer, attended the Massachusetts Institute of Technology for about three 4 


Fe oory as a member of the class of 1893, and for ten ye years thereafter was asso- 
aie with the New York, New Haven and Hartford Railroad Company as iS 
ae As a boy, Asa Morrill, in his spare time, found pleasure, interest, and profit 

; b i" in the local industries and about the railroad Tather than it in n sports or | athletics oes 


ray 


"more particularly at the station. He ‘the: practical and 
diversified experience thus obtained as a valuable part of his education and a 
‘ an important and helpful asset in later lifes” 
ee Railroading fascinated him, and as a son of a railway chief engineer he aa 
was destined to follow it as a career with outstanding s1 success. » U pon gradua- 
tion from college in June, 1892, he entered railroad service as an assistant 4 
engineer 1 with the Buffalo, Rochester and Pittsburgh Railroad Company, con- — 
= until August, 1892, when he became assistant engineer of the Old + 
later absorbed as a of the New New Haven and ae 
1912, he remained in . the | service of the Old Colony wiry New Y 
Hay en and Hartford | Roads except for a short period, April, 1898, to 
1898, when he was engaged i in railroad contracting service as a supeeitentas ap 


grade- “crossing elimination ‘work he in the 
serv ice of that road through Ja anuary, 1913. 


On February 1, 1913, he was appointed engineer of construction and 


engineer of the Maine Central Railroad and Portland Terminal com- 
1 Memoir prepared by Ww. F. Cummings, Boston’ & Maine 
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and in in April, 1088, he was appointed chief engineer of the same 
“% On April 15, 1933, he was 3 made as assistant chief engineer er of the Boston end Se 
Maine Railroad, the Maine Central Railroad Company, and the Portland 
‘Terminal Company. He curved as acting chief engineer of the three roads 
~ from A pril 13, 1936, until July 13, 1936, when he was appointed chief engineer. u : ag 
served in this capacity until his death, alf 
f During his service with the Old Colony and New Haven roads he was in ae : 
:, direct charge of four-track improvements and preparation of plans for a 


7 elevation through Brockton, Mass. As assistant roadmaster he was in quiet a 
charge of construction and maintenance forces on one hundred and fifty 
piles of road including the Boston Freight Terminals. As assistant engineer an ae: 

of construction he had direct charge of preparation of all constructions plans — 

(except steel bridges) for elimination of grade crossings in Boston, New Bed- ey tf 

- ford, Hyde Park, and Worcester, in Massachusetts. In addition, he was in 
charge of surveys and the preparation of preliminary plans for extensive and 

On the Maine Central and Portland Terminal he was in . 

engineering, valuation, construction, and maintenance. Outstanding 

among his accomplishments on these roads was the building of Rigby Yard re = 
in Portland, Me., and the construction of extensive wharf and dock facilities <9 Jey 

also at Portland including modern and efficient equipment for speedy and el a 

economical handling of bulk and general « cargoes. Passenger station facilities PF = 

at Ellsworth, Me., were designed and constructed under his direction. __ ae a P 
the Boston and Maine Railroad his initial undertaking as chief engi- 
neer was to ‘complete the restoration of flood- damaged lines following the New Wis Pre 

ngland floods in March, 1936, which caused widespread destruction to the a 

property of the railroad. By a rather strange coincidence his final accom- es 

plishment as chief engineer prior to his death was a similar undertaking . st 

the New England floods and hurricane of September, 1938, which 

fe 1,000 miles of the Boston ai and Maine Railroad 


>) 


> 


‘caused extensive and severe damage at more than three hundred different — 


“tg Passenger station ‘facilities at Cambridge, Mass., and White Riv er J go = 
tion, were ‘designed and constructed under his direction. 


Asa Morrill, widely known as “ “Ace,” was natural | seeker of facts and on 
4 keen analyst. was intuitive, ingenious, and richly endowed with common 


sense and nel judgment. His natural talents, together with his soul 
and training and an unusually broad engineering and construction experience, 7 
gained for him an enviable reputation as a competent and successful engineer. 

ft was a vigorous man possessed of poise and the power of decision. Fi His bas 


Opinions were valued and respected. He was a man of integrity and dev otion Y 
to duty, charitable and friendly y- He was widely loved and respected and his ioe 


was a member of the Railway Engineering 


a Engineers Association, the Maine “Association of Engineers, 


| Portland Club, the Lions Club and Prouts Neck Country Club of Portland, ¥ : 
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uEMom OF RALPH HADLOCK OBER 


a and the ‘New England Railroad Club, Algonquin Club, and Engineers Club 
bs “He also served as chairman of the New England Committee on Marine 
3 Piling Investigation from 1935 to 1938 and the Vv aluation co of the 


He was a ‘prodigious: reader, recreations 


‘He is survived by his widow, a a Marjorie N. ‘Morrill, anda 

orr a Member of the American Society of Civil 


HADLOCK OBER, M. . Am. Soe. C. 


" 


Hadlock was in ‘Beverly, Mass., on May 20, 1871, a son of 
= Kimball and Sarah A. (Hadlock) Ober, and a descendant of an old ES 
and prominent Colonial family established i in America during the earliest pe SB 
riod of Colonial settlement. Some of the original leaders of the Massachusetts = 
; a Bay Colony are included in the direct family line 
| aaa Mr. Ober received his education i in the public schools of his birthplace, at pA 
Beverly ‘Academy, and at “Massachusetts Institute of Technology, at ‘Boston, 
ue Mass. He later completed a course in law and was admitted to the bar in the oe 
State of W ‘ashington, although he never practiced that pr rofession. 


In 1892 Mr. Ober served successively as ‘chainman, instrument- 


man, and Inspector on the location and construction of the Adirondack k and 
4 St. Lawrence ‘Railroad. In 1893 he was s engaged in general surve’ eying work 
in Beverly, and at the se of that year he transferred his activities to ~ i 

Paeifi Northwest. In 1894 h he served as instrumentman on land surveys and 
as special examiner of surveys for the U. S. Indian Bureau, in the State of 
a ashington. In 1895 he was employed as instrumentman and inspector on , 
the construction of a storage dam at Cedar Lake, Washington. me During | 1896 ss 


a and 1897 he made surveys: of the islands in the Gulf of Georgia, Washington, 


4 for the U. S. Surveyor General. Also, during those two years, as well as : 


r during the years 1905 and 1906, as U. S. _ Deputy Surveyor, he made extensive — 
land surveys in the State of W ashington. 


er 


For a part of the year 1896, and from 1897 to 10 1905, he v was employed as * 


ivilian engineer with the Corps of Engineers, U. Ss. Army, in the ‘State 

rely 

ashington. His assignments during that period included, successively: 
- Rodman and instrumentman on general surveys; in charge of river surveys 
ad of preparing maps and reports; ‘on construction of the fortifications at = 
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Forts Casey and Worden; junior engineer r and of 
gun and mortar batteries, and of other fortification works at Forts Worden 
‘and Flagler; in charge of Drafting Department, making detailed plans and a 
estimates for rapid fire batteries and of central electric power buildings 

_ plants at Forts Worden, Casey, and Flagler ; and assistant engineer in charge of — - & 
fortification work at Forts ‘Worden and Flagler. 
Leaving federal employment, Mr. Ober, in 1906, served as ‘consultant ee a 


the W High Line Canal 1 Company in in some me of its irrigation | 


construction of an € electric and highway bridge» across the Columbia. 


PB River at Wenatchee, Wash. During 1907 and 1908 he was resident: engineer 
a in charge of construction of the main line bridge across the Columbia River 


Beverly, Wash., for the Chicago, Milwaukee and St. Paul Railway Com- 


pany. He also served that company on a special engineering ‘assignment in 
. connection with important matters relating to terminal facilities at Seattle, = 4 


vash., E Everett, Wash., and other points o on the western end of railway 


Baer From the latter part ¢ of 1908 until 1914 Mr. Ober was in the employ of the 4 

City y of Seattle, s serving ‘as court engineer and as assistant city engineer until» ie 

ped In these capacities he had charge of much important work, including ~ 
om investigation o of t the ¢ Cedar River Watershed and it its | reforestation for city 

water supply purposes, and he represented the city engineer in the condemna- a me 
tion proceedings to acquire control of the watershed. He also made an in- Si 

vestigation, and prepared estimates and reports for an enlarged water supply 
‘system and for an additional hydroelectric plant for the city. In 1911 he was a 
superintendent of buildings and member of the Board of 

Works, and served as such for a period of three years. 

Ober retired from the city’s service in 1914 and thereafter, a ex 

“of nearly five years, he was engaged i in private practice as a consulting engi- a 


neer in the City of Seattle, specializing largely i in municipal and in river and 


| 
| 


J 


f ~ harbor work. Following the entry of the United States into the World War, a aa 
sq he enlisted in the Army, was commissioned a Captain ir in the ‘5th Engineers, _ as 
and was ‘stationed at Camp Humphreys, Virginia, where he remained 
May, 1920. Among his other duties there he served as instructor in civil 


a? _ engineering, giving courses in roads and pavements, timber, steel, and | masonry ae % 
a construction, ete. He received high | praise as ‘an instructor and 1 upon his dis- _ 


re charge from the Army was awarded the Victory Medal = = Be 


Following his discharge from war service | Captain Ober again returned 


the Corps of Engineers, U. S. Army, and for a period of three years had : im- 
‘portant supervisional assignments with channel rectification, dredging, and 

- the construction of locks and dams along : a 250-mile stretch of the Ohio River F 
headquarters at ‘Louisville, Ky. Following ‘this service, Captain | Ober 
-Teturned to Seattle to resume his private practice ‘and there, after the 


year, formed a partnership with J oseph Jacobs, M M. Am. So E., 
the firm name of Jacobs and Ober, i in ‘the practice of consulting engineering. be 
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ne Bridge peajecs for the State of W sahington, The Lake Union Bridge was an 
= outstanding highway bridge project of the time. Captain Ober’s work on the ‘ 
"project was exceptionally skilful “under trying requirements and contributed 
bene largely to the s success of the Project. 


“His ‘traits o of character were his ‘modesty, his 
_ promising conscientiousness, his strict devotion to duty, and his capacity for AN 
detail thoroughness in all matters with which he concerned himself. He was 
student of languages and had ‘made himself quite proficient in 
ne F rench, and Russian, particularly the latter. He was a lover of the outdoo went 
and he spent most of his holidays on fishing and hiking expeditions. _ rer - 
os On May 30, 1903, Captain Ober was married, at Port Townsend, Wash., 
Mattie Elizabeth Shattuck. She and their adopted daughter, Carol 
survive e him. Besides more distant relative es, he leaves also a sister, Mrs. J ohn a 2. 
= bee Captain Ober was a member and past vice- president of the Engineers Club ets 
f 2 of Seattle : and of the Pacific Northwest ‘Society of Engineers; an Associate Be 
a 4 Member of the American Institute of Electrical Engineers; and a member 
= past- president | of the ‘Seattle ‘Local Section of the Society. pie a8 


CHARLES REAL ‘OLBERG, M. 


Charles Real was | born on 19, 1875, ‘St. Paul, his 

eo " father, John G., havi ing moved there from Norway in 1870; his mother, Ella 
a — C. (Lacker) Olberg, was a Virginian. When Mr. Olberg was five years old, 
* a a his family moved to Washington, D. C., where he ‘was educated in the public 


= schools, Central High School, ‘and Columbia ‘University ‘(later George Wash- 
n University). He was in 1900 with the degree of 


a and instrumentman “on surveys and of 
at Crow Indian Reservation in Montana, from June, 1894, to 


1931, dividual members) was vising 
retained in connection with many important engineering projects. Among April, 
ya these were several federal and state irrigation enterprises—the Skagit River . 8. 
——_ — and Cedar River power investigations for the City of Seattle, the street and ey ma 
reli 
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MEMOIR OF CHARLES REAL 
 yising Architect's Office, in W from September, 
April, 1900, at which latter time he became an assistant hydrographer for: the or 
U.S. Geological Survey, in connection with irrigation investigations in Ari- 
held this position until June, 1902, when he entered the U Ree- 
a lamation Service, first as an assistant engineer, and then as eng eer, on ee a 
i preliminary work in connection with the Roosevelt Project, , in Arizona, , and 
on construction of the Newlands (Nevada) ‘Trrigation Project. in 1905 he i. Pe 
# became a a | structural — in the « office of the Quartermaster | General, U. 


_ In July, 1907, he went to Los Angeles, Calif, where he became supervising __ 
_§ engineer, District 4, U. S. Indian Office, in charge of investigations, reports, — 
design, and installation of various irrigation works in Southern California 
aii When tt the United States entered the World War, Mr. Olberg joined the oe 
Ss. “Army in 1 August, 1917, and a Captain in the Army 
> Bagineer Corps. He was overseas from June 15, 1918, to August 12, 1919, 
in charge of construction and operation of machine shops at Engineer Depot, — - 
Base Section No. 2 (he reported for duty a at Depot on November 8, -1918).” 
i - During July and August, 1918, he commanded Company L, 116th Engineers. 4 ag 
4 He attended the 3d Corps Se School, and ¢ Clamecy Bridge School, in Langres, __ 
‘France, during September an and October, 1918. ia On August 29, 1919, he was 
honorably discharged from the Army, receiving the appointment of Major i in a 
_ the Engineering Section, Officers’ Reserve Corps, | on January 28, 1920. The = 


_ Returning to the United States, Major Olberg took a a position as sain 
chief engineer, U. S. Indian Service, on « construction and design o of miscel- 
laneous and pr projects, the ‘most notable being the 
000,000 Coolidge Dam on the Gila River, and the Roosevelt Dam on the Salt 4 lg 
River, both in | Arizona. _ The Coolidge D Dam was one of his outstanding ¢ engi- ‘e.g 


etic | works. The dam creates a reservoir of 1,250,000 acre-ft of storage 
capacity. is of the and ¢ contains many new and hereto- 


His next work was as a engineer for the Russian Government 


rsh 
,; on the design of dams and reclamation projects. These included the Mingi- ae 
-chaur Project and various irrigation, hydroelectric, and drainage ‘projects in 


Georgia (Russia), Armenia, and Azerbaijan. During this period he also 


served the countries of Peru, Argentina, and Mexico as consulting engineer ht 


Completing this work in February, 1933, returned | to 
United States, ‘and from August 17, 1983, to January 1 


raged in consulting work and private hydraulic research, a . subject in which 5 vii a 
he had always been ‘especially interested. At the time me of his death, he was 
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* a was an Episcopalian and a Mason and a member of the Society of Ameri- 7 


tion, on one of the administration’s projects at Amarill, 
= Dy ‘While with the U. S. Reclamation Service and U. S. Engineer Office, an 
Ss Dot Major Olberg designed and had charge of construction of a large variety of =f 
«irrigation works. _ He had the rare combination of being both highly theo- Be 
retical in investigation and design, yet extremely practical in construction _ 
and o operation. In addition to his regular work, he invented several devi ices 
which have extensive application and use in engineering activities. + 
oy Major Olberg was especially known for his kindness and helpfulness to all 
whom he came in contact. He was never too busy to assist those who 
a _ presented their problems to him, whether they were personal or technical. eer 


Military Engineers, the ‘Cosmos Club of ‘Washington, D. C., University 


ek Club of Los Angeles, Arizona Club of Phoenix, Ariz., the Kappa Sigma Fra- 
F 


ternity, the American Legion, of America, 


e died on October | 23, 1921. 1927 he w was to “Mary M. Bell, 3 
"San Gabriel, Calif., who survives him. He is also survived by two sisters, 
Mrs. Camille M. Craft and Mrs. Norma Forsyth. bis 

‘Major Olberg was elected an. Associate Member of the American 
“ Civil on May: 7, 1902, and a Member on 4, 


IRWIN SEL DEN ‘OSBORN, Am. Soc. Cc. Es, 


Selden Osborn was born on Jd anuary 24, 1878, in what later was 
known as Bay Village, Cuyahoga County, Ohio, 12 miles west of Cleveland, ity 
the son of Reuben and Eunice (Chadwick) Osborn. 


at fiat sigur 


fis mother, at the age of 90 yr, is still living» in the home on the south 


shore « of Lake Erie, built by his great- -grandfather, ‘Reuben Osborn, when he 
= his wife, Sarah, each took up claims from the Western Reserve Land 


The. Osborns were the first white settlers to spend a winte a 


Ota 


Mr. . Osborn ‘attended Oberlin Academy, at Oberlin, Ohio, for four years, 
stopping one year to teach ina a public school at Avon Lake, Ohio. He entered — 
Oberlin College at Oberlin, where he spent one year, _ during which time he 

half- back the Varsity football team. . After his Freshma 
year at Oberlin, he became interested in sanitary. engineering and 
Purdue University, at Lafayette, Ind., as a Sophomore. was graduated 


from Purdue in 1904 with a degree of Bachelor of | Rien. in Civil Engi- 


Say 1Memoir prepared by a Committee of the Cleveland Section, consisting | of James H. 
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MEMOIR OF. IRWIN SELDEN PER 


“degree d. Civil 


i _ Mr. Osborn played football throughout his college life and was Captain of a 
Purdue 1908, when sixteen of the squad were killed i in a railroad 


= His: first engineering work was done in the summer of 1903, for Ritchie hs 4g 
5 and Raple, Engineers, of Cleveland, on 1 the construction on of a bridge at Paines- ‘ 
‘pany, and doing some municipal 
Upon his graduation from Purdue Mr. went to Toledo, 
= _ Ohio, with the Edson Reduction Machinery Company, of Cleveland, to build » 
é and test a new w garbage reduction plant for that city. Later, he became ‘ Chief 
_ Engineer of the Company, ond prepared plans for other garbage vation, 


= In 1907, Mr. Osborn became associated with the Roberts and Abbot Com- x 
_ pany, of Cleveland, and was sent to Baltimore, Md., to take charge of building 
five miles, into Baltimore, of the ‘Washington, Baltimore Annapolis 
.. Railway. . This road was largely elevated tracks with five bridges. - Upon the 
completion of this work he returned to Cleveland as Engineer of Bay Village. ie a 
In September, 1908, he» was appointed City Engineer of Oberlin, and 
a short period, when he was appointed Consulting Engineer for 
Columbus, Ohio, on the model sanitary plants then being built there. While” y 
; vi the employ of the City of Columbus he designed and built a garbage reduc- : 
a tion plant for that city which was a model for odor elimination. uarvos 6h bd 
Bo i The second plant of this character built by Mr. Osborn was in Philadel- __ 
 phia, Pa., , and the third on Staten Island, New York, N. Y., for the Metro- a 
politan By- Products Company of New York City. 
of the successful operation of the Columbus plant, engineers came a 
frome | many cities to visit ‘it, including s some from England, Germany, France, 
a Wales, J apan, and South America. _ Among them was the Director of Public a Me 
Health from Toronto, Ont. who engaged Mr. Osborn to come to 
Tmt after a trip abroad made with John Turney Fetherston, M. Am. Soc. te 
, of New York City. Osborn and. Mr. Fetherston visited thirty 
“ies in Germany, Belgium, “Holland, F rance, England, Wales, and Scotland. _ 
ie * Mr. r. Osborn’ s contract with - the City of Toronto he retained the right of r 
work with other cities. These included New York City, Chicago, 
Ill, and Washington, D. OC. Mr. Fetherston joined him in a report for — 
F. Chicago the first year, and Mr. Osborn completed the report for Washington, : ry 
‘Rh OG. the second year. These reports consisted of a survey of the cities with : 
am analysis of quantity, quality, collection, and maintenance of wastes with 
2 completed plans for the building of the necessary plants and equipment. " In oa an 
. Toronto, plans were completed for both reduction and incineration plants. * a 
: owe the 1913 flood, in Ohio, ‘Mr. Osborn was placed in charge of the 
; Eo In the fall of 1915 he returned to Cleveland and with Mr. Virgil D. Allen 
York City and Cleveland. sd = 4 
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In 1917, Mr. Osborn was called to WW D. C., to take 
ae charge of a Department for the Conservation of Food Waste and to make re 
survey of of the entire country under Herbert Hoover, Hon. Am. Soe. E., 
te Secretary c of Commerce. After four months in the Department of Come 
—_ the late General George W. Goethals of the Quartermaster Depart- — E 


4 a ment, United States Army, M. Am. Soe. C. E., asked for Mr. Osborn’s release 


to do the same kind of work for the Quartermaster Department, at which time sy be 
he received a commission as Major. Major O Osborn was ordered overseas a <i 
i, * uly ais 1918, but, later, was withheld for spe special work > in n the cantonments, 
.: was honorably discharged from the Army and returned to his family and ae 


engineering office in Cleveland on J anuary 
* In 1922 he became Vice- President of the OC. O. Bartlett and Snow Com- 


struction of garbage ond refuse disposal and plants. Waste surveys 
made in ‘many cities; ; plants were designed, built, and operated i in 
ille, N. C., Birmingham, Ala., New Orleans, La., New York City, Syracuse, 
= oi N. ¥., Rochester, N. Y., Montreal, Que., Canada, and Toledo, Philadelphia, — 


« Toronto. He remained’ with this until his death. 
Mr. Osborn specialized largely in the solution of municipal refuse prob- 
and was known throughout the United States and Canada as an 
thority on the ‘subject. His broad knowledge of, and exp experience in 
disposal of refuse was made available to public officials through his service on . 
local committees and on committees of of the engineering societies, in addition 
to his consulting services. He was never too busy to give a helping hand in 
solution of a troublesome refuse disposal problem. = 
was a ‘member of the American Road Bu ilder’s ssociation, National N 
Health Council, American Publie Works Association, and the American Soy 
Association. He was also a member of the Cleveland Engineering As- 
‘sociation, , and Sigma a Alpha Epsilon Fraternity. | 
‘Hey was married on April 9, 1906, to Amy L. Reed, of Oberlin, Ohio, ,who, x 
Osborn was elected an Associate Member of the American. ican Society 
a. Civil Engineers on December 3, 1912; and a Member on January | 18, 1916. h 
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GUY PINNER, M. Am. Soc. C. 


ton. 


sg 


J R. and Melissa. (Brickhouse) _ He received his. e education 
in public and schools, and college preparatory school. He was gradu: 


the of Bachelor of Science in 


4 
— 
cei 
= 
3 
Co 
in 
an 
A 
= +L 
a 
4 
— 
4 
Lae 


perience e and a thesis on n bridge design and er 
began his engineering: career in June, 1907, with the Phoenix Bridge a.” 
: ‘Company at Phoenixville, Pa., as a draftsman. — _ From 1909 to 1912 he covered } = 
detail designing, drawbridge machinery, and semaine dams for the Panama 
g Canal, for the American Bridge Company at Edge Moor, Del., Pencoyd, Pa., _ 
Ambridge, Pa., , and for Post and McCord i in New York, N.Y 
_ _ From March, 1912, to June, 1914, he was Assistant Engineer to Herbert C. a 
aan M. Am. Soe. C. E., consulting engineer of New York. Mr. Pinner was 
| 4 in charge of office and field work, estimating and checking bridges of steel, es 
3 Nay From June, 1914, to June, 1915, he organized and had charge of the Safety 
i and Efficiency Engineering Department; a and he also” conducted contract b bond 
investigations for underwriting, for the American ‘Indemnity Company ~ 
| & Galveston, Tex. He was then asked by the company to take their mie! @ 
Agency in San Antonio, Tex., , where he remained until | March, 1916 Ae sole 
that time he preferred to return to the direct engineering field. bay 
Foun F rom March, 1916, to June, 1918, he was bridge engineer for the Seaboard + 
Ar 


= he designed and supervised construction of a large reaper near 
Camden, S. C., for Kershaw County, South Carolina. 
ay In June, 1918, Mr. Pinner went to James Stewart and Company as engi- ft 
.s neer in charge 0 of operations and constru uction at t the Naval Operating Base ein 
Norfolk. From June to September, 1921, he was in ‘their New York Office as 
structural engineer in charge of engineering for piers, docks, buildings, etc. s 
_ In August, 1921, he was made southern manager of Stewart and Company with = *s 
is headquarters at Norfolk, but before installation in office he v was sent by the 
company to Colombia, South America, as construction engineer for the Andian r 
National Corporation, to survey a a harbor for a a large o oil terminal for shipping % > 
__ products of the International Petroleum Company. Following this inspection — 
he was made chief engineer of the Andian National Company, with hhead- 
> - quarters in New York City. Later he was manager in Colombia, where he re- a 
mained until 1924, purchasing properties, ‘operating the 


y ‘Spent five or six months. negotiating with the national government for railroad 
reconstruction contracts. T ‘his assignment was not concluded and in 1926 he © 
"returned again to Colombia, Panama, Costa Rica, Venezuela, and Curacao 
Pee connection with new business. In 1927 he was in charge of Latin American © Pee =f 
work in the New York Office and then transferred to The Foundation Com- 
pany, Foreign—and in March, 1928, he was elected to the board of directors ue 
made vice- -president of the in of the New York Office for 


pany in connection with foreign returning Colombia again, | 
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1929 “resigned from The Foundation Company to become 
a # construction engineer r for the American Cyanamid Company. In 1931 he was 
= made chief engineer in charge of design and construction of plants for the s 
making of fertilizer, chemicals, explosives, ete. He also held in 
Qa He was an indefatigable worker and gave his personal a attention t to ee me 
tails of every pri project, never passing a design until he had acquainted himself — 
with all its features and thoroughly checked its soundness. — He was gifted | fe: 
with a remarkable memory, a sound sense of economics, and excellent judgm rment. Pe 


fine executive, he | sense e of and and 


‘Pinner was a a member the . Railway 
a tion, the Engineers Club, the Wéstchester Country Club, Rockefeller Conti 


Luncheon Club, the Valhalla and Sound Beach Skeet Club, and Kappa Sigm me 


a He was married oni Te une , 30, 1987, to Barbara Lawson, who: survives him. 
Res Mr. ‘Pinner was elected an Associate Member of the American Society 0 


Civil Engineers on November 12, 1913, and a Member on October 12, 1921. 


> dite Frank Quilty, known for forty years for his continuous pioneering in 
construction engineering, died September 16, 1939. His death occurred, after 
brief illness, i in the Sacred Heart Hospital, at Milwaukee, Wis. 
a pli Quilty was well known throughout the Middle West. During his en- 
‘tire life he was a believer in the new and progressive, whether in engineering By 
or in technical problems of materials. This was keystens 
of Mr. Quilty’s life—a love of progress. Soo Love 
<i  _He was born in Chicago, IL, on J anuary 31, 187. , the son of Patrick 
a Quilty and Johanna (O’Dea) Quilty. He was educated at St. Ignatius Col- 
~ dege, i in | Chicago. . His father moved to a ranch at Spaulding, Nebr., ., and the 
_ bey took part not only in the herding of cattle but also in the Sioux War of 
1891, at the battle of ‘Wounded Knee, S. Dak. . Frank Quilty gained here his 
love of battling strenuously with nature. The one object of his vacations 
asa construction | contractor was big game fishing ; in Florida, moose hunting 
On! his father’s death tl the twenty-y ear-old Frank Quilty returned to cw 
ago and began work as a rodman at $1 a a day. Then, by passing Civil Ser- 
— Viee examinations, he entered the Chicago City Hall in the Department of 
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FE: faced and convinced of his ideal—the ultimate in solid, ageless construction. 


— 


k 
= advanced rapidly. still in his when as- 
sistant city engineer. Young Quilty was one of the principal : supervisors «ee ea: be 
the gigantic tunnels under the city streets that made Chicago at that time the ‘si x4 

“foremost city in the world in sanitary facilities. to 
‘In 1897 Frank Quilty entered private contractin ig. Specializing in rail- 

oad work, he successfully competed in bids for vie on the Chicago and i oe 
‘Alton Railroad, the Chicago and— North Western Railway, Chicago and a ea, 
Eastern Illinois Railroad, and the Chicago, Burlington and Quincy Railroad. _ 
q At that time he also had completed the Montrose Avenue Crib of Chicago, 5 7 
miles out in Lake Michigan, to insure the | city fresh water from depths of ey 
the lake. (Twenty years later it was still working “ 
‘ At the same time that he was bidding for the mammoth ‘Kansas © City, 


Mo., railroad terminal, he also bid for the hand of Margaret Lawler Martin, a 


a young schoolteacher of Chicago. © After his marriage > (and completion of 
the Kansas City | station in 1909), Fra nk Quilty further narrowed his field’ +a 

3 @ railroad engineering construction by deciding to give his attention to the ae ¥ - 

perfecting of the reinforced concrete bridge. Some of his most noteworthy 

; bridges at this date were the bridge over the ‘great Rock River and the Okaw oy ae 


Mr. ‘Quilty forcibly promulgated the reinforced-c -concrete bridge at a time 
inted out 


when iron bridges just the ‘wooden bridge. “He po 


~ least of considerations with him). The use of reinforced concrete in all forms 
of constructions was a a pioneering battle j in which Mr. Quilty fought continu- es : 
ally. Many were the boards of state, city, and county commissioners he = a 


of arch the green. Tlinois farm lands" was 


“Mr. Quilty was much concerned at _the entrance of 4 America into the 
World War. te hen on New Year’s Day, 1918, he ‘received ‘a telegram re- re- 
Song: him to accept a commission as Major of Engineers in oo 
States Amy, he accepted ; , although it meant the breakup of his contracting — 
firm: and forfeiting of railroad work, particularly large bids, from the 
Pennsylvania and Chicago and North Western railroad companies. 
aA ‘ail e _As a Major of Engineers he was commissioned | to build a storage depot, 
nt comprising many square , miles of reinforced concrete for central storage of 
military | and munition materials away from coastal dangers, at Columbus, — a 
Ohio. Nine ‘million dollars were allocated to bes this mammoth con 


4 


encouragement of the 
a new advances in science, Major Quilty (among other pioneering trials which — 
he fostered while president of the Superior Stone Company) conducted a 

series of experimental tests. These. tests opened a new for the 


?For memoir, see Transactions, Am, Soe. ‘Vol. 92 (1928), | 
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s a soil sweetener. 


it is to see each stock truck, after delivering at aa 
cattle yards, load with crushed limestone as passes: the quarries on ite 


wt $5 In| 1936, Major | Quilty’s interest in new fields of industry came to the fore - 
7 ae in a number of chamnienl tests which he conducted personally in order to prove (ah 
os that sand is as binding as crushed stone or washed gravel in the mixing of a 
eonerete. By his. championing 1g of this new cause he raised sand from a nui- 
material carried at a loss to | a a scarcity of high valne-—thia 


the height | of tl the 1937 depression ! 
anes For some e years Major ‘Quilty, was a contributor not only to yeoleniealal 


Magazines but also to historical periodicals. At the time of his death he was 
completing a an n illustrated brochure of 50 1,000 words om. th developments and 
mi _ In addition to his membership in the Society, Major Quilty was a member ber 
? of the Western Society of of Civil Engineers, the Illinois Society of Civil Engi- 
neers, Chicago _ Engineers’ Club, American Legion, Holy Name Society, 


Calvert Club, St. Ignatius Alumni, and Construction Division Association, ; 


the Officers of the ‘United States Army. His interests a: and hobbies 
- ranged foun ‘the study of natural history and anthropology to his s pistol, and R 


gun collection and American history editions. 
° ioe Major Quilty is survived by his widow, Margaret Quilty; two sons, T ers 


| ‘Frank, J r., and J ohn Pershing; and two daughters, Joan and M argaret. The 


sons are » following i in their father’s Tenet, ; both are deeply engrossed in civil | 


engineering study and work, 


Major Quilty was an Affiliate of the American Society. of Civil 
Engineers. on April 5, 1905, and a Member on September 5, 1911. 


Rayburn was “born ‘September 28, 1868, in 
es Pennsylvania, and died J uly 20, 1939, after a severe ale of several months. — 
“His death, no doubt, was hastened by the death of his’ > only twelve days 


B gH 


= ag Mr. Rayburn’ s formal education ended with his graduation fr from the Cen- Bic 
: tral High School of Pittsburgh, Pa., , a school with a proud record of offering — a 


a amination for admission to the Allegheny County (Pennsylvania) Bar whi 
he was driven to a milder climate by tuberculosis. 


Memoir prepared by Samuel A. Am. Soc. Cc. W.  Fohl, Esq. 
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i> 
age he was able to discharge, successfully, the duties of chief engineer in hia a 
4 construction of the Parral and Durango Railroad in Old Mexico. | Vleabmaioy- | rae 4 
_ Upon his return from this engagement he was employ red by the late Selwyn : 7 
-M. Taylor, M. Am. Soe. C. E., whose tragic death in the Harwick Mine dis- — are = 
is recorded in the Transactions of the Society.? the time of 


-Taylor’s death Mr. Rayburn was one of his most and al- 
ready had achieved an enviable reputation by reason of his important part in a 
the design and construction of the high-grade mining plants of the Eureka 
- *Fuel Company and the Pittsburgh Terminal Railroad and Coal Company, 
among others, in western Pennsylvania, 

Immediately after Mr. Taylor’s di death Mr. . Rayburn organized his own 

' sleet business which was taken over by his so son and three trusted employees 

q A description of his professional activities from this time on, in any detail, i 

sg would require a volume. . Hence, it can only be stated that these’ activities 

took him into nearly all the coal producing states of the United States, to 

Canada, and and to South America. In all phases of bituminous coal mining— 
reconnaissance, development, and appraisal— he was, in Caesar’s 

words, facile princeps (easily the first). This characteristic, with his oe 


legal training and -well- known probity of character, made him a 


_ impressive expert witness, in n high esteem in the courts, and sought: for in 


_ most of the important mining litigation originating i in n the ‘Pittsburgh region. 

ma on, 
oy ‘nen: who employed him, and by. the ‘people of the ‘community in which he 
- lived. His sturdy honesty and fine character are well: exemplified in the 


of Polonius i in his advice to. Laertes—Hamlet—Act I, Scene 3: ry ssl 


“This above all: to thine own self be true, 
it must follow, as the night the wrt 
canst not then be false to anj 


a ‘This i is indeed a brief of Mr. Rayburn’ 3 , character, pawn accounts ‘see his s stand- 


fas in the community, as well as with all who knew him. ‘sp tava 


_ Mr. Rayburn was elected a Member of the . onan Society of Civil Engi- = 3 


ied RALPH JOHN REED, M. Am. Soe. C. E. 


Ralph John Reed, son of Arthur Lucius and Anna Virginia (Kelly) Ree 
} was born at Port Huron, Mich., on April 30, 1883, and went to Whittier, cule. PF 


*For memoir, see Transactions, Am. Soc. C. E., Vol. LII, June (1904), p. 552. 
* Memoir Harry W. M. Am. Soe. C. E. 2 
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in 1908 with the degree. of Bachelor ¢ of Science i in Civil 
His subprofessional engineering work included surveying during the sum- 
 - mers of 1908-1905 for hydroelectric projects in the mountains of California,’ 
in surveying for the summer engineering ‘camps while at the 
University of Michigan, and, topographic surveys on the 
‘Huron River for the late Gardner S. Williams, M. Am. Soc. ©. E. Also 
included was his early work with the Oil Company of California’ whose 
latter position, however, 80 soon brought Mr. Reed into work: of a 
8 professional nature which included the locating of long and important oil a 
A transportation lines, with their accessory pumping stations, and the e design — 
and construction of large concrete-lined oil ; storage reservoirs. From 1911 oP 
to 1914 he was in ity of the Engineering Division of the Union Oil Com- S) 
_ pany at Los” Angeles, Calif. In 1915 he was engineer of the transportation — 
department ir in charge of rearranging and enlarging five main-line pumping 
sss stations, and was acting chief eagasibte during 1916 and 1917, becoming, in e 
= _ November, 1917, chief engineer. He continued as | chief engineer, until Ihe 


i=} 
a = 


we 


resigned in 1929, in charge of all ‘engineering design ‘and construction, ‘pa ? 
ticularly for the departments of sales, manufacturing, and transportation, 
2 The e work included oil Pipe | e lines, pumping stations, tanks and storage reser- 
_-voirs, docks and marine terminals, warehouses and refineries, cracking plant, : 


1929 Mr. Reed became a in private His 


aa Beach, Calif., , earthquake; consultant for various oil companies on appraisals 
and new work ; member of the Board of Economic Survey of the Port of 
Los Angeles; and consultant for the Los Angeles Control Die 
Beta Kappa in 1914 by Pomona College, and Tau Beta Pi in 1928 by the 


California of Technology, at Pasadena, (Calif. 


Reed gained a wide experience in its technical branches. 1925 he 
was active in ‘the production division the American Petroleum Institute 
(A. P. L.) with reference to matters of standardization, fire protection, 


_ He served as national chairman of the A. P. L Committee | on the Stand- 
a ardization of Steel Tanks for Oil Storage from January, , 1927, until April, 
4a 1930. He was the first national chairman of the committee, and i it is largely rf 
3 


eee due re, his initiative, vision, and executive ability. that the present APL 
standards on A. P. L. steel tanks were such a degree of 


1906 OF RALPH JOHN REED 

an carly age. Herattended Pomona College, at Claremont, 
— -_ he was graduated in 1905 with the degree of Bachelor of Letters. He algo | 
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of Central Committee on which ‘is 
- supervising agency of the Institute on all standardization matters. ~ His high 
degree of intelligence and business sagacity were a distinct asset to that a 
committee. He also served as a member of the A. P. I. California District © | 
Subcommittee on the Standardization of Tubular Goods from June, 1925, - oa 
Reed was appointed to the State (California) Board of Registration 
for Civil Engineers on August 13, 1931, became a vice-president thereof on 
~ August 28, 1931, and was its president from J anuary 30, 1933, to January 8 
1987. be He eared again its vice-president from Je anuary 7, 1937, until his death. a 


He was also vice-president of the National Council of State Boards of Engi- re 
“neering 2 from 1983-1934 and president from’ 1984-1935. He was 


British and of the American Society of Mechanical Engineers. 
a Mr. Reed gave freely of his time in connection with civic affairs. ‘He was — Ee 
vitally interested in the development of Los Angeles Harbor and served 
- the Harbor | ‘Subcommittee of the F oreign Trade Committee of the jee 
Angeles Chamber of Commerce for many years. He was chairman of the 
subcommittee in 1938. had a deep interest in matters of fire protection 
and safety, and was for a long time, until ill health prevented, a eet 
member of the Los Angeles Traffic Advisory Board. This organization was 
7 ‘'e volunteer group under the leadership of the Automobile Club of Southern — 5 
California and was composed of representatives from the various divisions of 
city “government having jurisdiction over ‘the control or direction of 
traffic, representatives from organizations in the transportation field, and 
others interested i in, or affected ‘by, the traffic problem. T his Board serves as = 
a forum in ‘the interchange of ideas designed to effect improv ements in traffic 
June 9, 1909, to June E. in 
1926. Two sons, John Miller Reed, born in 1914, and Robert Pearson Reed, 
born in 1921, survive. September 23, 1929, Mr. was married to 
Alberta P. ‘Mann, who also survives him. gers paral 
From 1923-1936 Mr. Reed was a director of the Los Angeles Young Men’s > ‘ts 
ceuhdion: Association. At the time of his death he was a trustee of Pomona bite 
College ; a director of of the ‘Whittier National Trust and Savings Bank; a 
a - director of the Bey erly Hills Hotel Company ; past master of Arlington Lodge Es 
No. 414, Free and Accepted Masons; and a member of Los Angeles bodies o 
_ Ancient and Accepted Scottish Rite. ‘He also was a member of the University 
(Los Angeles), the Engineer's Club (San Francisco), ‘and. the 


¥. 


: a MEMOIR OF RALPH JOHN REED — 
. He inaugurated the idea of preparing detailed shop drawings 
now (1939) in current use throughout the industry. } 
his resignation as national chairman in 1930, he continued — 
chairman of the California District Subcommittee on Tanks until April, 
1932. Upon completion of this period, he continued to serve as a member of a = Bees 
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of 
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| 
Club (Los In national polities was a] 
-_ ‘During his vacations he looked to mountaineering for recreation. He was 5 
. a member of the Sierra Club whose purpose is “to explore, enjoy and render ¢ 
accessible mountain regions of the - Pacific Coast; to publish authentic 


,¥ information concerning them; to enlist the . support and cooperation of the 
a people and the Government i in preserving the forests and other natural fea- 


— 


a Mr. Reed was elected a J unior of the American Society of Civil Engineers 
_ on September 1, 1908; an Associate Member on Daiaeee 1, 1913; and a 


eehaer Mason Scofield was born in 1 Hermon, St. Lawrence County, N. Y, 
September 26, 1867. He was of true American lineage. His great- 
- fathee was personal aide to General George Washington and served in a conti- 
_nental regiment throughout the Revolutionary War. 
-_, eer father, George Vincent Scofield, and his mother, , Emily Jane ‘tens 
both descended from pioneer New England families which had 
lived fi first in Connecticut a and then moved o n to northern New York. His 
‘father 1 was a hydraulic engineer and owner of a wood- -working mill in Hermo 
_ where the son began to dream | of his future vocation. a ‘His mother had been a 
school teacher, gifted both ‘socially and intellectually, ‘and she instilled in 


son her own habits of precision and attention to detail, 


mead he euteted the field of engineering. F rom J une, 1889, until ‘Mardi: i 
Mr. Scofield iyeng engaged successively as assistant to the late Edwin a : 
“Am: Soe. E., nationally n 


 4Memoir prepared by Elisabeth Shaver, San Carlos, Calif. 
2 For see Tr Transactions, Am. Soe. C. E., Vol. LXXXIV (1921), 
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accompanied the Sierra Club group for many of the excursions the places tun 
where only the hardy and strong may hope to OF of 
__He was President of the Los Angeles Section of the of 
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i =. peas through the usual academic courses in the public schools of Hermon, and was Dive 
graduated from high school in 1884. He then entered Union College, at Sche- 
 nectady, N. Y., and in 1888 was graduated with the degree of Civil Engineer. 
1934, the degree of Doctor of Science was conferred upon him at 
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OF EDSON 


ae 1903, with his brother, the late Glenn M. Scofcld* M. Am. ‘Soe. C. E. i. 
4 organized the Scofield Engineering Company ‘in Philadelphia, Pa. and 
served as president. The firm was successful from the start and rapidly won sa 

: a nation- -wide reputation for engineering ability and business integrity. ee 

Bi ‘Mr. Scofield’s inventive turn of mind was always ready to meet the oppor- — 
tunity when necessity arose. A notable instance. was his invention of a Y ntl F 
of slide- now in common use among engineers. 

The vision, genius, and versatility in the of fet 
be judged by the following achievements: The designing of a special power 
plant at Harwood Mines, Pa., capable of using a mixture of coal | dust and dirt — 

at the mouth of the mine, making the waste a principal ; source of revenue for > 
3 the mine; a gas- -operated high-pressure pumping station at Philadelphia, where a fies 

a 300-Ib Pressure could be put on on the fire mains in less than 40 sec; a power — ao 
- plant erected for the West J ersey ey and Seashore Railroad Company which fur- ey 

- ished power to pe an electrified train running from Philadelphia to 

3 Atlantic City, N. io 2 within six months after work of construction was begun; 

Semmerete dry dock in Mare Island Navy Yard, San Francisco, Calif., requir 

“ing the largest timber crib ever used up to that me was work had to be > 


‘an Yard, Philadelphia, the Marsinit in that section at the time of construc- 
tion, which under adverse conditions. in a water- bearin gravel 
oe coal handling the station at San Bay 
-Guantinamo, Cuba, are among the achievements of the Scofield Engineering 
me storage and mixing plant for the Delaware, Lochawanna and Western 
Bs Railroad at Delanson, N. Y., stored 300,000 tons of coal and enabled the own- ses 
ie to o handle 1,000 tons per day out of cars into mixing piles a and back into 
cars, and to ship a fine coal of uniform grade. 


In 1918, the Scofield Company received government 


reinforced concrete ships at San Diego, Calif, as the Pacific Marine Pe 
- Construction Company. In 1920, the World War over, the office of the Pa- — 
 cifie Marine and Construction Company was, closed and the two brothers 
‘organization the Scofield Engineering-Construction | Company 
» marked the ‘Passing of the old style contractor in » favor « of the technically — 


» 
cost- plus- -a-fixed-fee” q 


sistant engineer of the Youngstown Bridge Company, Youngstown, Ohio, then 
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MEMOIR OF EDSON MASON 


began specializing in large earthquake-proof buildings. Mr. Scofield had made 


pr an exhaustive e study of earthquakes and earthquake protection. ”" To his satis- 


_ faction none of the buildings erected according to methods based upon his re- s 


search ever sustained more than mimor cracks, 


In the period from 1920 to 1929, his: company was: responsible, ‘either as 


aa Che - engineers or as constructors, for the erection of approximately one hundred 


large buildings in and about Los Angeles. ‘Some of the best known are the 
: Biltmore Hotel and Theatre, the Pacific Mutual Building, Title Tnsurance of 
Building, Barker Brothers, the Club, Good Samaritan’ Hospital, ow 
United Artists Theatre, buildings of Sears-Roebuck Company, and the Pa- 
é Early in college « Mr. Scofield | became conscious of h his ‘personal r 
sponsibility in ‘matters: of public interest. That sense of responsibility was 
ever uppermost in his “mind throughout ‘the years | crowded with diversified 
a accomplishments. Always a valued public servant awake to the needs of the 
aa community in which he lived, ‘Mr. Scofield was called upon by the Mayor of § 7 
Los. Angeles in 1929 to give his e xpert knowledge to to the city of his adoption 
and he accepted membership on the Board of Water ‘and Power Commission, 
= No man could have been be better qualified to appraise the future requirements ¢ a, 
- “of his ‘locality and he turned the full force of his varied experience into the x oat 
- business of making the Power Bureau an asset to the public that owned it. In : tig 
order to do his part, Mr. ‘Scofield cut down his personal activities and gave 
more than three fourths of his time freely and gladly to this work. 
had watched Los Angeles become the metropolis of the West, the fifth 
city” of the ns nation, in twenty ‘years. attributed the growth to the intelli- 
gent dev elopment of water and power facilities under ownership and control hi 
of: the people. With characteristic insight, he looked ahead and saw an era m 
Bok an expansion in population and manufacturing industries and he was confi- ‘ 07 
Be d dent t that the future growth of the metropolitan district a and the complete de- ie ; nie 
‘a a = velopment of the Pacific Southwest hinged upon the people’ 8 decision to aa on 
advantage of the Boulder Dam hydroelectric power. 0000 th 
He "was among those who had fought with to induce the fo 


government to build Boulder Dam, and to no small degree must credit be given _ 
to his. long experience in design, construction, and operation of utilities for 
the final consummation of this project. | When at last the contract was signed e 


' the City of Los Angeles, the construction job 1 with satis. 
ha: He responded to constant: demand for speeches, for contributions to press 

and radio addresses. words never failed to carry weight. His audiences 
saute his enthusiasm, 1 recognized his rugged adherence to principle, his devo- 4 os: 
a to the cause he. sponsored, and his freedom from selfish motive. He: ap : 
peated to the people as owners of the Water and Power Department to com 
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vir OF EDSON MASON SCOFIELD 
inp of cheap power into their homes 
September, 1930, his. with the Board of Water and Power 
we: terminated. He had fought valiantly for the public enterprise against 
_ the opposition of its competitors and enemies, the private power companies, but a 
was compelled finally to continue his efforts ¢ on behalf of the people i in an ‘a : 
Po ‘The Municipal Light and Power Defense League was organized by a group | 
‘of prominent citizens who ‘appreciated the immense benefit of a municipally — . 
R _ owned Water and Power Department and who wished to see it protected and 


bat 


and Mr. ‘Scofield became one of their, spokesmen. His weekly radio addresses 
st stressed consideration of water and power as a business belonging to the citi- aa 
gens. . To! him the radio periods were in the nature of stockholders’ ¥ meetings 2a 


to discuss the interests of business. Cheap light and power were the 


¥ Tes was highly fitting that he should be designated as a member of the gen- : 


4 eral committee in charge of the Boulder Power Inaugural, on October 9, 1936, 
to celebrate the placing» in service of the 266- -mile transmission system—an 


q qe which marked the epochal step in the progress of the Southwest of which os a 


he dreamed and for which he had labored with diligence and faith. ee’ daaed « 
The key to Mr. Scofield’s character and work may perhaps be | found i in ian 


«Aliff 


own v words, addressed to a club of yc young business men: ry You are all young ie 


% men at the acme of inquisitiveness. Don’t be a conformist. _ Keep your faith. 
‘Faith should grow with knowledge and courage. There i is | need for ba ocea- 
sional man with faith and curiosity. There i is need for inquiry. 


_ his reference to the “ romance hidden i in the ¢ Owens Valley Aqueduct.” we a 


- momentum of ‘each drop « of water coming from 3800 feet elevation is captur red 
_ over and over and transformed into electric power” yr 
3 “ang Mr. Scofield became a life stu student of unemployment, taxation, and all eco- a 
nomic matters after his experiences in the panic of 1893. His research and 
the importance of his conclusions brought him into contact with the best in- # 

_ formed opinion of the country. He believed that the cause of unemployment — 
and the world-wide depression could be found in certain types of special privi- — 
lege and private monopoly : and it was his conviction that a gradual shift of of the 
weight of taxes from the products of labor to the taxation of land values, les, ex- 
elusive of improvements, would discourage speculation in land, increase wages. 


‘ and interest, and so improve the condition of labor and capital. Wise beyond 3 


_ his generation, he knew that the world was not yet ready for this change and 


4 


% that the establishment of justice was not in the immediate | future ee 
: Sa Mr. Scofield v was married i in Louisville, Ky., on February 20, 1894, to se 


jb Ong anuary 21, 19382, Mr. Scofield was married t to Ethel O’Shields of a 
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American Concrete Institute, Sigma Xi, California Association, 
— Reform Association, Los Angeles Chamber of Commerce, Orange | County . 
= Coast Improvement Association, South Coast Improvement Association (was 
- their first ; president, 1932-1933), X Club of Los Angeles, Los Angeles Country 
Club, Los Angeles | Section of the American Society of Civil Engineers, Jona- 
_ than Club, Municipal League of Los Angeles, National Municipal League, A 
Public Ownership League of America, Southern California Council on Earth- 
os Me quake Protection, and the Advisory Committee of California Development _ 
F = He was appointed by the 1939 Golden Gate International Exposition to be 


member of the World’s Fair Advisory Commission for the City of Los 
Mr. Scofield wes aj sponsor for the Henry George School of Social 
in in Los Angeles. He was an able > exponent of the Henry George philosophy — 


_ which he considered a | practical ‘and unselfish ws way of living for the benefit of © 4 


Mr. Scofield managed to find time for recreation even in the midst of his” 


i many activities. He was an enthusiastic equestrian, and enjoyed golf, wi 


7 - the relaxation he valued most he found at | his | lodge i in the 1¢ mountains at at Mam- * 
-moth Lakes and at at his seaside cottage on the south coast at Laguna Beach, 


et He spent many hours i in a fully equipped, soundproof workshop adjoining 
his home, where he forgot the stress of business while his expert hands obeyed & 

= Mr. Scofield was affectionately known as “ E. M. a 0 to those who knew him e 


ie and all those who came to him in friendly i intercourse found the veil of a 


i Lt outward reserve lifted and were at ease in the warmth of his human love and 


He was @ true and t trusted friend 1 never too busy to give his full attention — 


bon 
to every question n presented; never too hurried to probe to the bottom of every 
perplexity by his own process of exact analysis. His counsel] was sane 


= and he never permitted his tongue to say what his heart denied. . In busi- és 33 
_ ness as well as in his daily ¢ dealings with people everywhere : he was known m2 


a Structures of stone and steel from Florida to Portland, 


i to San 1 Francisco—stand as silent witnesses to his mastery of ‘engineering > 


Me Scofield was elected an Associate Member of the 
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— _ the designs he conceived and the service he rendered to benefit the people of @ f 
. _ His boyhood ambition, revealed in reminiscent mood, “To be a goodengi- ¢,, 
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| OF HAROLD BEMIS: SHATTUCK 


Shattuck, son Gilman and Estelle M. (Barnes) 


Shattuck, was born at Nashua, N. H., on November 17, 1873. 


a His early education was ‘received in the public schools and high school of 
Nashua. In 1897 was g graduated from Dartmouth College at ‘Hanover, 
a, ine with the degree of Bachelor of Science. He had taken the first yé year Res 
of the work of the Thayer School of Civil Engineering during his senior year — - 
and intended to complete the required s: subjects for the civil engineering 
gree. In accordance with this plan he secured employment as rodman with a! 
- the Boston Electric Light Company in July, 1897, so as to meet the school’s ae 
‘requirement for practical engineering work. However, he became interested 
jn medicine, and in January, 1898, he Dartmouth Medical College. 
A serious illness compelled him to withdraw from college in J uly of ie 
year. and to. give up the idea of becoming. a “physician. For or some time he 
was unable to engage in work of any kind, but in November, 1900, he was 
employed as clerk by the Pines Hotel, _ Lakewood, N. He resigned from 
3 
pe position in April, 1901, to accept ‘an ‘appointment as assistant in eivi 
engineering at The Pennsylvania State College, at State College, Pa. 
je x . Soon after this appointment, in addition to his ) teaching, he began taking 
subjects: necessary ‘ to complete the work required for graduation in civil engi 


Pry and, as a result, was graduated from The Pennsylvania State College — * 


j with the degree of Bachelor of Science in Civil Engineering in 1904. - In 
4 1915 he was granted the degree « of Civil Engineer by the same same institution. fn 
_ He was promoted to the rank of instructor in July, 1903; assistant pro- 
fessor of civil engineering, in July, 1905; associate professor of railroad engi- = 
tering, in J uly, 1908; - and professor « of railroad engineering, in July, 1924. 
_ During much of this time Professor Shattuck was in responsible charge of ce 
instruction in railway and highway engineering subjects. 4 He retired from m a 
teaching because of physical disability on. F ebruary 1, 1936, ‘and was 
pointed professor emeritus of railroad engineering in recognition of his past a. 
In addition to his college work, he had engaged in private 
since ‘1007—mainly i in land surveying, municipal engineering, water 
supply, and sewerage. He was | borough engineer of State College for twenty- , 
seven and a half years, ending January, 1934, and he was borough engineer an 
oe several neighboring boroughs for short periods. He was elected county > 
_ surveyor for Centre County, Pennsylvania, for three successive terms, serving 
from J anuary, 1 1921, tod anuary, 1933 es was ¢ also bridge engineer for the 
commissioners of Centre County in 1919, 1922, and 1928. 
as Professor Shattuck was a a member of | of the American Railway Engineering 


Association, and he served § as a member 0 of Committee XVI, Economic Loca- 


iw 
— 
— 
— 
a 
= 
e 
‘at 


= Water Works Operators’ Association, and the Centre County Engi- 
se | he was a student at Dartmouth, he became a member of Alpha Delta 
aa Phi and was elected to membership in Phi Beta Kappa in his senior year. 
aa At The Pennsylvania State College he became a member of Phi i Kappa Phi 5 
and of Chi Epsilon. of He was a Thirty- Second Degree Mason, a “member of the si 
wits Diaidiides the Commandery, and the Shrine. He was active in the organiza- — 
eo tion of the Blue Lodge at ‘State College and served as Worshipful Master. 
was a charter n ‘member of the Kiwanis Club and served on its board 
5 - directors, and was also a charter member of the University Club at State 
s president of the board of trustees of the Presbyterian | a 
‘Chie at Siats Colles ge for six years preceding his death and had been active 
the affairs of the church for many years, 
Be os Professor Shattuck was married in 1909 to Elizabeth M. | Stuart, of State a 
- College, who died December 25, 1934. & They had no children. He is survived 
by two brothers, Arthur G. and Roger C., and by sisters, ‘Helen 
“ "Professor Shattuck was a genial gentleman, a a ‘competent « engineer, and a 
a3 faithful teacher, liked and respected by his students and associates. 
Professor Shattuck was elected a Member of the American Society of Civil — 


BENJAMIN BRUCE SHAW, M. Am. Soc, C. E.! 


yell) Shaw, was born at Canton, IIl., on February 21, 1886. His was 
spent in in his native town where he received his early | a and where his 


Shaw was graduated in Civil Engineering a University of 


‘Rois, at Urbana, TL, in 1911 with the degree of Bachelor of Science and in 
1916 he secured the degree of Civil Engineer from the came institution — 
Ww hile ‘still attending school his early technical training began in 1906 when, ; 

a ‘summer vacations, he was employed as rodman and draftsman wit 
the ‘linois Central (Electric) Railroad Company, the city of Can- 
ton, and with the Sanitary ‘District of Chicago, 
In July, 1911, Mr. Shaw began. his first regular assignment. railroad 

- construction with the St. ‘Paul and Kansas City Short Line Railroad Com- 

‘pany in 1 Towa and served in the “capacity of estimator, rodman, and assistant 
engineer, respectively. In 1913, upon completion of construction work, 
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MOIR OF BENS AMIN BRUCE. 
Rock Island and Pacific Railway on construction and maintenance work. 
= ‘He was promoted to division engineer in January, 1915, with headquarters at 


Haileyville, Okla., and in 1916 was transferred to Little Rock, Ark., in the 


During his service with the Chicago, Rock Pacific 


_- Company, he constructed extensive trackage, yard, and shop facilities at Little — 
- Rock and at El Dorado, Ark. With the discovery of oil at El Dorado = 
90, extensive railroad development in that territory was 

to handle the rush of men and materials to the new oil field, and Mr. oie 

planned and executed tl the construction work in record time. He accepted 
the position of chief eng engineer of the Cuba Railroad at Camagiiey, Cuba, in i 
a December, 1922, and served in that capacity ‘until July, 1925. ‘During this a 
‘ assignment he constructed the > Santa Cruz line from Camagiiey to Santa Cruz ae 
del Sur, Camagiiey, Cuba, and completed extensive ‘port ‘improvements at 
a - Antilla, Cuba, besides a general rehabilitation program of the Cuba Railroad 4 


‘Returning to the United States in J 1925, Mr. § wh was employed 
several railway supply and contracting companies as sales” and contracti ing 


onl 
engineer. In 1934 he was appointed | manager of ‘mills and - mines of the 


a Georgia Kaolin Company at Drybranch, Ga., , which yoni he was holding : 


at the time of his sudden death on Tune 2, 1939, 


executive qualities. a winning ‘personality, that would have far in 
his chosen profession. — ‘His loyalty to his employers was outstanding, and his 


varied contacts among business professional men gained him many 


=~ strong friends who respected him for his affability, his conscientious work, 


and his uprightness of character. His intimate _Triends will not forget his a 
jovial sense of humor and those rare qualities of mind and heart that ‘$0 
endeared him to all with whom he came in contact. . In his professional : and — a 


social life his courtesy and kindly consideration were ‘never failing. 


4 ‘Mr. Shaw was married on _ August 4, 1913, to his boyhood friend, Elizabeth 
 Henkle, at Canton. A kind husband, he loved his home and | his devoted rs 


: who survives him. Although he had no children o of his own, he aleve 


youth and giving the boys about him a worthy dhancs 4 in life, and his kindness 
found expression in his deep interest in the individuals and 


Ae At ‘the time of his death Mr. 


a Shaw was a ini of the Sigma Nu Fra- 

4 ernity, which he had served as commandant while at the University of Mli- ue 
+ he was also a member of the American Railway Engineering Association, 

the Society of American Military Engineers, “Ancient, ‘Free and Accepted 

Rotary Club of Macon, Ga., and the Red Cross. Board. He 

councilman of the Boy Scouts of America. 97% My 
Mr. Shaw was elected an Associate’ Member of the American Society of 
Civil Engineers on August 9, and a Member on May 8, 1922. 
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J Born at Elmira, N. Y,, on October 7. 1878, ‘Julian C. Smith was the son 
of Howard M. and Mary Elizabeth (J oslyn) ‘Smith. He received his educa- 

- tion at the central high school, in Buffalo, N. Y., and was graduated from 4 


Cornell University at Ithaca, ‘N. with the de degree of ‘Engineer 


Electrical Engineering in 1900. 3 
A Gifted | with unusual Power | of concentration wi a keen | memory, the new ; | 
graduate ¥ was marked for success from the outset. Beginning his professional | of 


career, on graduation, as a draftsman with the late Wallace ©. Johnson, — ' 

M . Am. Soe. C. consulting engineer at Niagara Falls, N. he remained 

there ‘two years, when he became assistant to Mr. Johnson at Shawinigan 


Que., Canada, at a time when The Shawinigan 


portant u utilities, the expansion of which scope for his unusual 
At: the ag age of twenty- -five he was superintendent of the ‘company. He hee 
vice- president when thirty- “six, and three years later was: -viee- -president and 
‘general manage manager. _ In 1933 | he was elected to the presidency and for Ss 
years occupied same position with affiliated and associated companies. 
ale Was a also in 1 charge, as consulting engineer, , of ¢ a number of water power sr project, 
including the Manitoba ‘Power Company at Great Falls, Manitoba, and the 


Rapids Plant on the ‘St. Lawrence River, in n addition t to the 
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company grow a. small beginnings to one of the greatest of its kind = 


world. 


transmission design and construction, principally in the Proceedings 


ingineering Institute of Canada. He was awarded the Sir Casimir 
- Gzowski Medal of the Canadian Society of Civil Engineers (known as The _ 
Engineering Institute of Canada after 1918) as the leading contributor in 


Canada to the literature of the profession of civil engineering during the — 
‘year 1913, for his paper, “ "The Design of High Voltage Transmission Lines. 


depth sounding yecorder, Mr. ‘Smith undertook to work. on ‘the > 

‘The which I had been used on naval and mercantile vessels for se several 
years was particularly sensitive and not always ‘The improvement 
of this instrument presented a problem, the solution of which required a high | 
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or 4 CLEV! SMITE 
degree of skill. With the aid of one or two 
just | before his death, in 1 developing a machine greatly superior to that i in use. Ete 


It was given a thorough test by the g group, who made a "chart of Lake 
Memphremagog waters. The work was s finished and the new instrument, 
a great advance on previo e, ted to the 


‘The eminent position held by him in the industrial, financial, adie, 


and university life of Canada is evidenced from the list of 


the he held: President of T he Rhawinigen Water and Power 
pay, 
ties Limited, and The Canada Light a ‘and Power Company; v vice- e-president a 
- The Royal Bank of Canada, Dominion Bridge | Company, and Dominion En- 
"gineering Works; Director of Canadian General Electric Company, -Consoli- 
dated Paper Corporation, Montreal Island Power Company, Montreal Trust 
Company, and Saguenay governor of the Montreal Gen- 


eral Hospital, and McGill University ; member of the National ‘Research 


The Institute of Canada honored him with its presidency ey in 
1928, F or some time, prior to his death, he had been chairman of the | 
Advisory Committee for Canada of the Institution of Civil Engineers of 


Britain. Two Canadian universities recognized his high standing by 


. pore on him n the degree of Doctor of Laws—Queen’s University in 1923 a iy 
_-He held membership in the following societies: American Institute of 


Engineers, Institution of Electrical Engineers" of Great Britain, 


Institution of Civil Engineers of Great Britain, The Engineering Institute 
of Canada, an nd professional societies in ‘Quebec and Manitha Ble 
7 member of important clubs in New York ‘and Montre 


pen 
“a business sought him for his: wise counsel, financial organizations for — 
his keen discernment, research and educational institutions for his breadth 


of vision, and many individuals for his | sympathetic advice and generous 

assistance. F ew men have left a greater record of ‘achievement and none 


has been more sincere mourned. — 


Rarely are found in one person ‘such qualities as were possessed 
by. ‘Mr. Smith. His unusual vision and profound te technical knowledge were 
the m mainsprings 3 of a a great industrial empire. clarity of judgment 

riched many of Canada’s leading organizations. _ Great as were his qualities a 


of mind, his nobility of character and open- -hearted generosity of spirit were | at 
attributes that, like a magnet, drew men to him in affectionate regard. 
it Surviving are Mrs. Smith (Bertha Louise Alexander), two sons, Julian C. = 


 Harvey- J ellie and Mrs. J. Desbaillets. ob fe 
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Engineers on October 


“WILLIAM PLINY SNOW, 


" 


William Pliny. Seow was born, in in Charlton, Mase., on May 19, 1855, the 
son of Franklin Thurston and Sophia (Kidder) Snow. was descended 
from Colonial forbears, some of whom fought i in the Revolutionary W 
_ In 1862 the family moved to the town of Roxbury, Vt. William fitted 
himself for college at Barre Academy, and was | graduated from a Dartmouth 
i College at Hanover, N. H., , with the degree of Bachelor of Science, in 1 1881, - 
He began active ‘engineering work i in 1881 as a topographer for the Rocky 
- Mountain Division of the Northern Pacifie Railway Company in Montana, 
which was still largely an uncharted wilderness. i hen the Northern Pacific. ; 


way was opened, in 1884, Mr. Snow joined the staff bed the sur yeyor gen- 


mental | map of | Montana, ‘the ‘first complete map of 1 the state which had ever 
After a short stay in 1 Florida as assistant engineer in charge of construc- 


for the Blue ‘Spring, Orange City and ‘Atlantic Railroad Company, 
returned to Montena as assistant engineer in charge of construction ‘fou the 


_ Great Northern Railway Company. ‘During that period he constructed more 
than 30 miles of roadbed. Ih his later | years ; Mr. Snow often referred to nis 


of work which was 3 to engage most of his interest and attention for the rest 


. of his life—that is, mill construction, : and hy draulic developments | for fac- 


tories. . A list of the important works which Mr. Snow executed with great 28 


distinction would be a long one. 


first engagement after returning From the ‘Parsons 
Company at Holyoke, ‘Mass., here he designed and the con- 
of the raceway, wheel pits, and headgates. In 1889 built ‘the 
earthen dam for the water works at Hinsdale, Mass., and repaired the dam for 


Snow became the: most highly trusted thie 


‘Snow, with his training, nature,’ dni unim- 
peachable integrity, filled the requirements in a very way, oof 


by Albert L. Seott, M. Am Soc. 
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OF WILLIAM PLINY SNOW 


‘The moet hav’ supervised during ‘the 45 y years 


1890 ‘to 1891—The rebuilding of ‘the Dunnell Manufacturing Company 


dams for Pacolet 


Design ‘of a 500-ft canal for ‘Bodwell Water Power Com ‘ 


= r Palmer Mills, Three Rivers, 


R. 1—this was executed w 


h- 
out curtailing output. 


became a general consulting engineer pwood- 


; .. Greene, assisting in the design and supervision of the dams of t the Greenville de 
~ Carolina Power Company, at Greenville, S. C.; the ‘Rockingham Power Com- — 


< pany, at Rockingham, N. C.5 8 ; and the Central Georgia Power Company, at 
 Flov illa, Ga. He became more and more in demand as an’ expert in examin- 


ing, correcting, and modernizing reports made by other engines, 
wanted Mr. ‘Snow's: opinion on problems consider ed to be of an unusual o 
-_ intricate nature, particularly those having to do with water powers, ane 


installations, design o of canals, forebays, wheel pits, and tailraces. In later 
years he became the most | experienced hydraulic engineer in the Lockwood- 


Greene organization and found hydraulic work most fascinating. ¥ He was the 


first choice of his superiors and often of the owners for designing and super- © 
> 


vising unusual construction and remodeling wor 


yn As previously mentioned in ‘this brief summary, Mr. Snow was particu- 
larly felicitous in his dealings with clients and contractors on difficult remod- My 


-eling, rearranging, and repair work, where output had to be maintained, and 
changes made, frequently without finished plans or opportunity for bidding. 


Mr. Snow’s character and reputation for generally both owner 


Pet. 


Me Snow | was married on May 14, 1884, to o Emma J. Paul. 


Mr. was vas elected a a Member the American Society. of Civil, En 
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ety Past Mr. Snow was slight in stature, quick in motion, lean and active to the an Bgl 
last. He had a gentle winning smile, rare tact, unfailing urbanity, and 
2 Bs! faculty for seeing all sides of a question. He was a sound engineer, an = . Pi 
| failing friend, and unusually able in working with other people with a long oe a = 
i i 
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OF V LLIAM WARBU: RTON KNOX SPARROW 


Ww illiam Ww arburton Knox Sparrow wv was at Ty- 
3 rone, Ireland, on December 30, 1879, the : son of the Rev. William and Cecilia oe 
a Jane (Knox) Sparrow. His father was a clergyman of the Episcopal Church. — Ne 
- Sparrow was educated it in n England and entered railway service in Ireland — ; 
In December, 1898, with a desire for adventure, as he once 
left Irelend for South Africa, obtaining employment with the Cape Gov-— 
‘i Bt pis ernment Railways in February, 1899. From that time until November, 1908, 
hey was engaged continuously on railroad location, and construction and main-— 
ee tenance work. _ For two years of this period he was with the Charter Company 
Rhodesia (Cecil Rhodes’ company) on location of ‘Tailroads and highways. 
In 1908, while he y was in South Africa, Mr. Sparrow passed the n necessary 
and was elected an associate member of The Institution of Civil 
Tondom, 
Although recognizing the advar antages of government service and the feeling ee 


i 


under civil service, requiring strict adherence to rules 
_ vancement. — _ After much consideration, he decided to try his fortune in oo 


‘He and his wife, the former Mary Batchelor, left Capetown, tinder of South a 
fen, 0 their wedding day, late in November, 1908, arriving in the United — a 


States early in 1909. Neither of them had any acquaintance in the United 


yr ~— Nae States, but Mr. . Sparrow had, through ‘reading some of his books, heard of the 
es late J. A. L. Waddell, Hon. M. Am. Soc. C. E., consulting engineer of Kansas f 
‘City, Mo. ‘He decided to go there and present his case, , hoping that the fact 


_ | tet he had come from South Africa to see him would make a sufficient im- __ 


Pression to gain him work in Mr. Waddell’s office. He was given a peer in 


the drafting ‘room of - Waddell and Harrington ¢ ata salary of $50 a month. — 
ay Thus, : after having spent almost ten years in South ‘Africa, he started anew fee 
Bef in a strange country, later to become the country of his adoption; sustained by 
ae keen desire for self- development and an opportunity to work i in bess knowledge _ 
that the reward would be measured by: the worth of one’s efforts. 
Mr. Sparrow remained with Waddell and Harrington until July, 191 


service with that firm he worked as ‘a detailer, checker, and de- 


‘signer on concrete and steel bridges occupying the position of assistant de at 


was the determination to the problem at hand and overcome obstacles, 


a characteristic of his entire life. ih those years, as in ‘all of the y years | that | 
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of his e ever ver devoted and loyal wife. avo a 
From July, 1912, to September, 1918, Mr. Sparrow was associated with exh 
late Hans: vou 1 Unwerth, M. Am. Soc. E, ‘consulti 


1913, he a position later becoming assistant chief 
engineer of that After coming from South Africa to get away 
seemed inconsistent to take a 

with another body, but it gave him what he wanted—an 
pe to get acquainted with people, especially ri railroad people. “Hie 


Missouri. _ Through his se service 2 with the commission he gooured his frst rails — 
position in the United States—that of valuation engineer of the Chicago, _ 
- Burlington and Quincy Railroad Company, in April, 1916. Here he deve eloped _— 

an organization to carry on the valuation work required by the Valuation Act. 4 hee > q 

September, 1918, he became corporate chief engineer of the Chicago, 

Milwaukee and St. Paul Railway Company and ‘continued in that capacity 
until the termination of federal control of railroads. 
4 i? The succeeding years of his | life were spent in the service 0: of the Milwaukee 
Road. InJ une, 1920, he was appointed assistant to the ‘President, in charge 


of federal valuation and settlement with the United States Railroad Adminis- 


for claims a arising out of federal control. Tn 1920, he was 


“The | Real Estate ‘which he was in cestab- 
lishing in December, 1921, was added to his jurisdiction, 22” 
: ; * In 1923 Mr. Sparrow was elected vice-president of the company a se 


_— asigned to handle financial matters in addition to his accounting, real ant. 
a and valuation work. During the period of receivership of the Chicago, Mil- 
waukee and St. Paul Railway, from 1925 to 1928, he chief financial 
a ol ie January, 1928, Mr. Sparrow was elected vice- president and a ii 
of the ‘newly organized Chicago, Milwaukee, St. Paul and Pacific R 
‘ Company, successor of the Chicago, Milwaukee and St. Paul Railway Com- 
2 pany. Upon | the appointment of trustees in bankruptcy, | on January | 1, 1936, — 
Mr. Sparrow was ; appointed officer in charge of finance, accounting, and real 
estate, which position he occupied at the time of hisdeath = = 
ic Mr. Sparrow was a man of strong convictions and outstanding ability. a 
9 Trained in the engineering profession, he adv anced to positions of responsibil- ae 
q ity in the broader 1 field of railway management. — He embraced responsibility, ae 
4 Br and to each new problem applied a keen power of analysis, persistence of effor t, Poa 
‘ and intensity of purpose. While exacting in his requirements of others, he ae ; 
ms no less exacting» in the standards he set for himself, | for he strove for 
perfection in whatever = to the of which he de 


— 
ay 
With the creation of the Missouri Public Utilities Commission, Mr. Spar- __ 
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voted energies unsparingly. F air in in his 


_ dealings, he was ever thoughtful and considerate of those on — misfortune 
7 oe had fallen, and was always ready to help alleviate their distress. _ uk OF tS 
For recreation, Mr. Sparrow was fond of golf and shooting and had i keen 
_ appreciation of literature, art, and music. He was devoted to home and family. 
- Mr . Sparrow w was a member of the Railway . Accounting Officers secede, 3 
Glen View Club, Western Railway Club, Electric Club of Chicago, and held a 
life membership in the Art Institute of- Chicago. He was a director of the 


4 Mercantile National Bank of Chicago. A 


In addition to his widow, he is survived by two daughters, Jessie Cecilia 
Knox Sparrow (Mrs. George - L. Green) and Eileen Knox Sparrow (Mrs. Elmer es =a 


B. Rich, III); one son, Joseph Knox Sparrow; and two brothers. qa 


_ Mr. Sparrow was elected an Associate Member of the American Society of oi 


4 Civil Engineers on December 6, 6, 1905, and a Member on November ‘ 26, 1918. a a 


‘He passed away shortly before he was to have received a certificate: of life — 


EMBERT HIRAM SPRAGUE, M. Am. Soc. C. 2 


Embert Hiram Sprague, for many years Professor of Civil 


Mr. was born in Haverhill, Mass., on ‘December 20, 1875, the son 
of Henry S. and Abbie (Nichols) Sprague. ‘He received his. early education 
in the schools of Haverhill, and in 1900 was graduated from Dartmouth Col- i 

lege, at Hanover, N. H, with the degree o 4 
Engineering. ‘He was a member of Theta Delta Chi, a fraternity, 

Casque and Gauntlet, , a senior society. 


‘Upon graduation from Dartmouth, he worked for three years as a 


for the New England Telephone and Telegraph Company, then the 
 Pencoyd Plant of the American Bridge Company, and finally the Riter Conley 
Company of Pittsburgh, Pa. In 1903, Mr. Sprague went to South Africa to 
_ take the position of bridge engineer for the Central South African Railways. 2 
After ¢ about a year, he was engaged by the Blaisdell Company of ‘Los Angeles, 


to supervise the of special sand. excavators for n mining redue- PE 


and made a new type of assay ad of 


then later Professor of Sanitary Engineering, at the U niversity of Maine, ae 3 
Orono, Me., died very suddenly on March 9, 1940, OFF 
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to the United States in 1 1909, Mr. accepted the wali 
3 of chief engineer with the Mulcahy and Gibson Company, later going with ; 
and McCord of New York, N. on steel building construction. Dur- 
 jng the latter part of 1914, Mr. Sprague worked as resident engineer for the - a be! 
Maine State Highway Department on bridge erection. 
i In February, 1915, he was appointed to the position of Associate Professor a 
e, in the Department of Civil Engineering at the University of Maine. In this 
- capacity, | he soon became acting head of the Department of Civil Engineering, 
and was appointed head of the Department in 1926. 7 . He became Professor of 
3 Sanitary Engineering in 1934, and served in this capacity until his death ee 
a During Professor Sprague’s appointment at the University of Maine, he be 
a neceived many honors, among them election to the honorary societies of Tau 
Beta Pi and Phi Kappa Phi. He was a member of the Masonic 
q several local and national professional societies. 
On August 28, 1919, Professor Sprague was married to Addie Stockwell of 4 


colleagues. ‘He found: great | pleasure in helpiti. his to whom 
_ endeared himself by his friendliness and kindly interest. He was always :: 
ready to do anything i in his power to help both | his is students and his his associates a 
Professor Sprague was elected a Member of the Society 


William Shackelford Sullivan, son of William ‘K. Sullivan and Amelia 
(Shackelford) Sullivan, was born in Chicago, Ill., on May 19, 1885. 
pe he son of a one-time owner and editor of the Chicago Evening Journal, . 
: and a a well- known writer, he uate educated i in the ‘public schools | of Chicago and 5 


in 1901, joining the Phi Psi fraternity (Michigan 


His career was interrupted by ten years of working, but 
_ returned in 1913 and was graduated i in 1914 with the degree of Bachelor of i 


ei i Sullivan served as draftsman with the Indiana Harbor Railroad Com- _ 
pany in Chicago from 1905 to 1907, and w ith the Northern Pacific Railway 
Cc Jompany in Montana from 1907 to 1910. From 1910 to 1911 he was 
engineer for the Kettle v alley Railroad and held the same 
the Canadian Northern Pacific Railroad ‘Company from 1912 to 1913, 
He was as sociated with Dean Mortimer E. Cooley, Hon. M. _ Am. Soc. C. of 


| = Ann Arbor, as chief of party ‘on railroad valuation from 1914 to 1916. a es 
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a ye car priv rivate: practice in | structural engineering Oakland, 
e became structural engineer “for the Interstate Commerce Commis- Fs 


0, Calif. Thereafter 1 he was 


- Carson City, Nev.; the "Liberty Shipyard, at Alameda, Calif.; with Alfred eS 

Pp. Fisher, Assoc. M. Am. Soe. C. E in San Francisco; and ‘finally with 

From May, 1920, to July, 1922, Mr. Sullivan was inspector for 
the Pullman ‘Company, at Richmond, Calif. After another year of private ‘ 
"practice became structural designer i in the Bridge Engineers. of 


1934, to ‘qusistant engineer, of City Transit in Phila- 
' - delphia, J Pa., in charge of design and plans in connection with the Broad Street e 
subway. He served this department until 1926. or the next twelve years, 
Mr. Sullivan resided in W ashington, Dog, “except for brief periods. . He was 
structural engineer for the Arlington Memorial Bridge Commission 
.. ta 1926 to 1933, at which time he became associated with the Public Works ‘De eu 
partment of the Navy, at Pensacola, Fia., as as associate | engineer (structural), 
and later with the War Department (Quartermaster Corps), as med 
structural engineer. From 1936 to 1937 he was in the U. S. Engineers Office 


of the W ar on flood control at Bolling Field in was 


time of his death he was associated with h the W. Jackson 
‘ . An unusually good chess player, he was a member of the Board of Di- 
a : rectors of the Capitol City Chess Club. He also won a number of cups in 

the University Club of W ashington, D. C. He never married and is survived _ ‘ 

by his sister, Helen (Mrs. J ames G. Cumming). 

~ He was as registered with the State Registration Board for Professional mast ae 


wae 


Fred H. ‘Tibbetts wi wit probably be best remembered for his extensive flood- 


his field of activity during a period of some thirty years ig engineering 


e aes extended well beyond the limits of the State of California, and em- - 
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MEMOIR OF FREDERICK HORACE 

braced many of the varied branches of the profession. ee in 

history of California have contributed so extensively to the ein agi of ae 
af! Frederick Horace Tibbetts, the elder of the two sons of Horace Alber t ost a cor 

Manda (Arnold) Tibbetts, was born at Oshkosh, Wis., on April 28, 1882. The — ag ; 
family moved west when he was ten years old and settled in Santa Clara B 
met California. . He attended the College of the Pacific, then at San José, “- 
«Calif, and received his degree of Bachelor of Science in 19038. He par ton 
his studies during the following three and one half years at the University of ’ 
California, at Berkeley, Calif, receiving a degree of Bachelor of Science in fet. 

_ Civil Engineering in 1904, and a degree of Master of Science in 1907. = 
the meantime, he had received a degree of Master of Science cer the College ot Be 

hile doing his graduate work at ‘the University of. California, he 

nee on the faculty as ar an assistant in civil engineering in the fall of 3 

“and again in the academic year 1906-1907. In 1905 and the spring of 1906, 
he was an instructor in mechanics at the California School of Mechanical 

a Arts in San Francisco. In August, 1907, he was appointed instructor in ‘civil 
:. 4 reac at the University 0 of California, and in J uly, 1908, became an asso- 
held until 1911. w was elected to mem 
in echolarship fraternities: Sigma Xi, Tau Beta Pi, and Sigma 

Mr. Tibbetts’ active professional work commenced immediately after 

P received his first college degree and continued concurrently with his advanced a 
“studies and his teaching. Early engagements included surveys in 
Clara and Alameda counties (1903), irrigation and drainage investigations _ 
(1904), and well measurements and surveys (1905). From 1906 to 1909 he 
was in charge of artesian investigations in Livermore Valley and the Pleasan- 


In 1909, Mr. Tibbetts into a partnership with Perry A. Haviland, 
county surveyor of Alameda | Cour nty, which lasted. for nine years. ‘The firm 


firm and supervised ‘the constr 


sewage systems and disposal for numerous 
and towns. He also” handled designs, estimates, and reports on extensive 
harbor improv ements at Richmond and South San Francisco, a highway sys- 
q tem in Santa Barbara County, a filtered water supply for the City of Rich-- 
_ mond, and all of the larger reclamation projects i in Yolo Basin ge west oi 
River above and below the City of Sacramento. The latter 

projects, particularly Reclamation Districts Nos. 900 and 999, which Mr. Tib- 

-_ betts s designed and in part supervised, included massive levees, drainage canals, Bt 


pumping plants. also supervised extensive improvements of a 


nature in Reclamation District No. 70 in the upper part Basin. 
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a report on the Knights Landing ‘Ridge Cut, which had a a ‘major 

$d ence on the reclamation of the upper part of the Sacramento Valley. The 2 
s cut, which forms an artificial outlet for flood waters in Colusa Basin, wos 
= sufficiently completed to be of immense benefit during the great 1915 —* ' 
The project more than 3,000, 000 cu xd of excavation n and ‘the 


and drainage systems in Basin, the com> 
struction of 50 miles of river levee between Knights Landing and Colusa. 
es In 1918, the firm of Haviland and Tibbetts was dissolved because of Mr. % 
_ Haviland’s ill health, and Mr. Tibbetts took over the San Francisco office — 
under his own name. He continued as chief . engineer of the Colusa Basin 
‘projects, previously undertaken for Reclamation District No. 108, the Sac- 
ramento River 1 West Side Levee District, and the Knights ‘Landing Ridge — Be 
Drainage District. These three districts, which overlapped in part, provided 
a complete flood protection for more than 100,000 acres of land which had been ip 2 
j a. subject to frequent flooding by both river overflow and foothill drainage. aie 
addition, Reclamation District No. 108 provided a complete drainage 
ca and five separate irrigation systems for its 58,000 acres. sts 
Mr. Tibbetts also became chief engineer of four additional large reclama- 
tion: districts; two important water conservation districts; ‘seven irrigation 
districts, including the two largest ones in the two 


‘age, e, Alaska. or all of projects, ‘and numerous other smaller ones, 
_ prepared reports, estimates, and designs, and actively supervised construc- 
tion, performed usually by contract, . but in a few instances by force preies 
_ Included among the projects were several of the largest gravity intakes an 
-_ pumping plants on the Sacramento River; the first wood screw pumps in 
_ California ; ; irrigation and. drainage | canals. with capacities to 1,500 cu ft per sec, 
constructed with floating levees bulls the world’s largest clamshell 


seven 1 earth- -fill and innumerable incidental structures 

Among the various irrigation projects, ‘two were particularly outstanding 
for their magnitude, their comprehensive planning, and_ their widespread 

a public benefit. — a The Nevada Irrigation District in Nevada County, California, 
‘developed a water supply by diversion and storage at high elevation in the 
- mountains and made a long-term contract for sale of the energy content t of ae 
the falling water on such a basis as to amortize the full ¢ cost of the mountain 
a works, thereby giving the agricultural lands at lower elevation what ‘amounted 
E ) i a free water supply. The mountain works included a 4-mile diversion tun 
Fy nel, 85, 000 acre- -ft of storage, and an 11-mile « conduit in rough terrain which 
numerous flumes and tunnels. The irrigation distribution ‘system 
included two large concrete diversion dams as well as many miles of yi. 24 


November, 1912, Mr. Tibbetts su and 
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numerous structures. Total constuction: costa amounted to about t $7, 000,- 


was: s irrigated almost entirely pumping to 1934, 
- the ground-water table had been dropping continuously at the rate of nr 


= Es per yr until some of the pumping lifts were in excess of 200 ft. This ‘— 


condition was remedied by the construction of six detention reservoirs in the __ 
- foothills and various regulating and distributing works in stream beds de- 
signed to retard runoff and induce percolation into the underground storage — = 
basin. A definite rise of the ground-water level has been experienced since __ 
completion of this work. The total cost of this Project \ was about $3,000, 000. rt 
In addition to his’ engagements as engineer in complete charge of con- — 
; Sceaten projects, Mr. Tibbetts was also employed as a consultant by many A: 
Ba public and | private | agencies, including two irrigation districts in. Nevada, a — 
water conservation district in Arizona, four California cities, several land 
development companies and contracting firms, and numerous individuals and 
organizations. His services in connection with these “engagements covered a 
nf wide variety of activities, including design of dams, investigation of water 


sewage disposal plans, harbor studies, water- -works appraisals, and expert court 

a testimony in water rights and other litigation. ‘He made an extensive ap- rs 

aa praisal of the water rights and physical works of Miller and Lux, Inc., and 

3 the San Joaquin and Kings River Canal Company, and appraised the lands ee 

flooded by the Pardee Dam of the East Bay Municipal Utility District. He 
_ designed the Hogan flood-control dam on the Calaveras River for the City — Z 
Stockton, Calif. He directed final construction work for the contractors q 


m the ‘Wawona tunnel in Yosemite Valley and advised other contractors on 
unnel problems. — He was employed by the State Department of Public Works = : 
8 a consultant on the Sacramento Valley unit of the Statewide Water Plan. om 
_ In spite of his very active professional practice, Mr. Tibbetts found time © a ie 
~~ many civic and fraternal duties. He was chairman of the Irrigation — 
of the Commonwealth Club of California for three years (1925-1927), 
3 and was an occasional speaker for the Regional Planning Association of San a 4 
Francisco (1925-1926). He was an active M: Mason, being a Past ‘Commander 
of Oakland Commandery, Knights Templar, and holding office at the time of ; 
his death in Durant Lodge, in Berkeley, and Islam Temple of the Shrine, in - ; 
a San Francisco. He belonged to the University Club, Engineers’ Club, end ne 
Olympic Club of San Francisco, and at times was a member of the Athen: 
Club of Oakland, the Sutter Club of Sacramento, and the Arizona Club of : 
Phoenix, Ariz. He was also a member of the American Institute of Elee- 
Engineers and the American Geophysical Union. we agoli 
_ - Mr. Tibbetts was married, first, to Edith Jean MacKerricher (in 1905), 
and second to Flora McDonald, who died only a few weeks prior to his own ; 
death, He i is survived by hiss son by his iret, Tibbetts, 
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“MEMOIR or. ROSS KERR 
During his active career, Mr. Tibbetts established a reputation as a 
thinker and a fluent speaker. He ‘was unusually | adept in presenting 
neering problems to lay clients through both the written and spoken word. _ 
_ He had marvelous capacity for mastering and remembering intricate details ie ty 
of engineering theory and practice. He was a delightful companion a and Cus 
bo had a host of friends and acquaintances. He read extensively on a wide 
Eo range of subjects and was particularly well informed on the strategy of te ee ; 
major military engagements of history. His hobbies were farming, photog- gills 
Mr. Tibbetts took a keen interest in Society affairs and contributed diss 
cussions on “subjects. He served on several important committees 
_ the San Francisco Section and was a member of the Executive Committee of _ 
the Irrigation Division of the Society in 1927, 1928, and 1929, serving as i 
Mr. Tibbetts was elected a Senor: of the Society of Civil 
: neers on ‘May 1, 1906; an Associate Member on April 6, 1909; and a ee ee 


<a a Ross K. Tiffany was born on June 11, 1879, at Union, Iowa, a son of Walter 


and Harriet (Kerr) Tiffany. he After attending the | grade and high schools 
at Union, he entered Cornell College at Mount Vernon, Iowa, from which he 
graduated with a degree of Bachelor of Scienee i in Civil Engineering and 


: 


Ws, 1899 and 1900, he. obtained his ‘first engineering e experience in n railroad loantion.. : 
: and construction—first in the Snake River Canyon with the Northwest Rail- 


Company, and later in Missouri and Illinois’ with the St. Louis and 


Tiffany became a resident of the State of Washington in 1901 when he 
was” employed as ‘an engineer by the W ashington Irrigation | “Company on 
‘Sunnyside ) Project, the largest single irrigation undertaking in the state 
that time. The company was supplying water to about 43,000 acres s of land Fi 
he, and was actively engaged in : planning storage at the headwaters of the Yakima _ te 
ve River to water additional land in the lower Yakima Valley. He became = 
4 = _ engineer of the W ashington Irrigation | Company i in 1903 and resident | wom 
aa in 1906. From that year until 1910 he supervised all land- “development ae 
> tions undertaken by the Company. In 1905 and 1906 he took an active part ; 
im procuring limiting agreements with respect to the use of water among water _ % | 
users in the Yakima Valley, a step that was necessary before the watts 4 
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gould be justified in acquiring Sunnyside Project and exten- 
development in other parts of alt bates 
Mr. Tiffany was employed in 1910 by the U. S. as 
superintendent of f the Sunnyside unit of the Yakima Project. — In 1914 he was 
advanced ton manager of the Yakima Project, in charge of operating and main- — 
taining its several separate irrigation units and of its extensive storage =~ 
; _velopments. - While project manager he helped to place collections on a busi- 
ness basis by organizing irrigation districts and was instrumental in neva. 
* yet Mr. Tiffany voluntarily left federal service in 1920 to engage in consulting ig fas 
_ engineering practice at Spokane, Wash. While there he was project engineer — i 
_ and project manager of the Spokane Valley Canal Company. He supervised 
the refinancing of Post Falls, Hayden Lake, and Dalton irrigation projects and 
‘the reconstruction of Lewiston Orchards Canal system. An important 
-gagement during this period was negotiation leading to a final settlement of 


questions: at issue between landowners and the Twin Falls North-Side Canal =. 


In April, 1925, Mr. Tiffany we supervisor of hydraulics int the 
Washington State Department of Conservation and Development. In that 
capacity he represented the State of Washington on the Columbia River 
- Allocation Board, reorganized the Division of ‘Hydraulics, increased state 
_‘Tevenue tl therefrom fivefold, and handled a large i increase of activities w without — oa 


an increase in | personnel. He ‘resigned in November, 1929, to undertake ethe 


private practice of engineering again with his office at Olympia, Wash. 
‘Tiffany’ second venture into the field of consulting engineering covert 
a) 

a period of more than four years during which he filled a wide range of en- 

"-gagements involving irrigation, drainage, diking, water supply, und water 


power. ‘He was appointed by President Herbert Hoover, Hon. M. Soe. 
0. E., to the Commission 0: on Conservation and Administration ¢ of the Public _ 
_The Commission finished its investigation in the fall of 1930 and 
‘rendered a published re report in Jan anuary, 1931. . During the worst part of ~ 4 
; - depression, from March, 1933, to February, 1934, he served as works manager ah 
of the e Washington Emergency Relief Administration, supervising an unem- 5 
ployment relief program financed by a an ‘state bond issue 
March, 1934, Mr. Tiffany was appointed executive officer of the 
“newly created Washington State Planning Council, an office which he held | 
until his death. — Perhaps the most constructive accomplishment of his career ei 
was with that agency. was eminently. qualified for the office through inti- 
— knowledge of the state and of its varied and abundant natural resources. — 
He e visualized extraordinary opportunities for the future use and control of ee: 
those resources and recognized how vital planning | activities are, and will be- 
come, in ‘guiding proper development. His enthusiasm, | energy, , foresight, and 
Spe proved to be invaluable assets to the Planning Council. How well they | 
_ Were appreciated may be judged from the following quotation included in a a 


resolution ‘Passed after his death: ferris (DEAL, 
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“Tiffany possessed in a high degree the rugged physique, ‘the 
_capacious mind, the high character, the broad outlook and the exploratory _ 2 
_ spirit that distinguished those who pioneered in the development of the 
West. Added to these striking qualities was the imaginative sweep : 


vision, the constructive understanding of the needs and opportunities 


od of this Pacific Northwest that made of him a great leader and builder.” 


— ‘Some of Mr. Tiffany’s outstanding traits of character, which largely ac: 
count for his steady professional rise, were*his unusual geniality; his capacity us 
make | hold friends; his loyalty to friends; his effectiveness i in promot- 


ing team- work and good-will among colleagues, aubldpeen clients, and others; 


his liberal : sense of humor his” fairness and integrity ; his technical and ad- 


All of were sustained and provided with driving force by exce excep- 
7 physical vigor and radiant health. His wholesome well-being was re- _ 
4 7 sponsible to some extent for his untimely death. He was unwilling to remain 

quiet and inactive long enough to recover properly from a serious automobile. 
‘Mr. Tiffany was married to Ella Eicher, of Ainsworth, Nebr., on July 3 
.% 903. _ They became the parents of a son, Ross Kerr, Jr., a civil engineer with ig 

the Bureau of Reclamation at Dam, and a June ( (Mrs. 
act ___ Wherever located, Mr. ' . Tiffany took an active part in civie enterprises. He 
served as mayor « of Sunnyside in 1908, as trustee and president of the Yakima Be 


oa _ Chamber of Commerce in 1918 and 1919, and as trustee of the Spokane Cham- 


ber of Commerce. As a member ¢ of the Rotary Clubs of Spokane and Olympia, 

helped, sponsor many beneficial local ‘undertakings. ‘He was ‘the prime 

mover in organizing the “Washington Irrigation Institute in 1914, served as 


ae its president i in 1921 and 1922, and thereafter was made an honorary. life 1 mem- “Be 
ber. He was a Past -president of the Association of of 


a, ‘on State of Washington, in improving ‘jrrigation district laws, and in | secur: 

ing wise legislation with respect to Projects and the highest use of 
a water and other natural resources. , He was one of the founders of the Wak 
ington Natural Resources served on its executive for 
number of years, and eventually became a life member. — He was a member of a 
’ ae - Sunnyside Lodge No. 138, A. F. and A. M., and of Sunnyside Chapter, R. AM. ; 
Z 4 Those who knew Ross Tiffany intimately will cherish the memory of a true 


friend, the ‘comradeship with a gentleman of fine character, and the associa. 


tion with a capable engineer who was: genuinely devoted to the development ‘ee 
and upbuilding of his state. — He was one of the most highly respected and best Be 
loved engineers in the Pacific Northwest. 
Tiffany has been active in the affairs of the Society since his 
os membership in 1920. For five years he was a member of the Executive is 
of the Division eae Pe during the last year of the 
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4981 was of the District 12 in 1987. Only 
half of his term had been served when death intervened. __ 
Mr. Tiffany was elected a of the American Society of Civil . 
WARREN . AYRES TYRRELL, M. Am Soe. Bi 


_ 


Warren Tyrrell, designing engineer of the Board of Water Supply, 
City of New York, N. Y., since 1927, had the valuable faculty of inspiring a 7 
a loyalty and esprit de corps in his associates: that made his designing section Pe Va 


efficient, and enthusiastic group. He was the drainage shaft 


expert of the Board of Water Supply and was the designer of the unique ee 
Shaft | 9A of ‘City Tunnel No. 2, a combined drainage and section- valve shaft 4 


at the foot of ‘Steinway Street, "Astoria, , Long Island City, N. He also 

had under supervision the design of the three drainage shafts for the ae ae 
@ Delaware A Aqueduct. Such responsibilities i involved complete structures” both 
above the ground level and deep down (about 700 ft) in the solid rock. The 

4 Srectures contain the intricate mechanical and electrical equipment neces- 

© 


sary for un- watering many miles of sections | (45 m n niles, 25 miles, and 15 miles) 
of the huge main ‘water tunnel. So wide and ‘varied was his engineering 
experience that when the Position of mechanical engineer was left vacant 


by the death of Ray 0. Ewry, Mr. Ty rrell was s designated a as acting 1 mechanical — 24 


uty 


Mr. ‘Tyrrell Bice born at Mexico, Mo., on February 16, 1875, ‘the son ot 4 
‘Tyrrell, born in London, England, and Frances Shootman, of 
Ee Mexico, Mo. He attended the elementary and high schools of St. Louis, Mo., Ae = 


= and was , graduated with the degree of Bachelor of Science in Civil Engineer- 
* ing from W ashington University at St. ‘Louis, . ‘summa cum laude in June of =" 


1897. At Washington ‘University, Mr. Tyrrell” had the benefit of personal 
instruction under such well-known professional engineers. as Henry Ss. Pritch- 
a ett, C. M. Woodward, F rancis E... Nipher, E. A. Engler, and the late J. B. 
Johnson, M. Am. Soc. CO. E.2 He had the experience of assisting Professor 
a Johnson in the compilation of data for his classical treatise on | ‘Strength 
of Engineering Materials,’ s” and ¢ of doing work in the United States ‘Testing — 


Laboratory at Washington University, of which Professor. J ohnson. was in 


Because of the diversity : and comprehensive character of his ‘practical 


ied engineering experience for a period of more than forty years, it is Teena 
of. itemize, briefly, the professional record of Mr. Tyrrell: 


a Memoir prepared by Thomas K. A. Hendrick, Assoc. M. Am. Soc. C. E. a tas erate 
_ #For memoir, see Transactions, Am. ny C. E., Vol. LI, December, 1903, p. 4 
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October, 1897, une, 1899—with the St. Louis, Peoria and Northern 


‘Railroad Company (the late Robert Moore,’ Past-President, Am. Soe. 0. ‘By’ 
= chief engineer), as a levelman on the preliminary survey, a8 a topographer _ 
and transitman on the location survey, as assistant resident engineer on con-— 


My struction and maintenance, and as a mining surveyor for the Madison Coal 


_ Corporation (which was associated with the aforenamed reesei ho in this 


work ‘he was associated with the w 


_ drafting; later inspector and superintendent in the Distribution Department 
Gn this work he was associated with Edward Flad, M. Am. Soe. of St. 
April, 1901, to ‘March,  1902—structural engineer "Christopher a 
‘Simpson, Architectural Tron and Foundry Company, designing, making 
March, 1902, to March, 1903—with E. P. Maule, General Contractor, de- Ss 
ul ‘signing for Mauran, Russell and | Crowell, _ Architects ; designed | the steel work ’ 
and foundations for the 17- -story annex to the Chemical Building in St. Louis, - 
~ for which he made all the shop drawings, mill and shop inspections, and > 
March, 1903, to March, 1914—general | practice as a structural engineer in 
Louis. He designed for architects, estimated for contractors, and fur- 


-nished shop drawings to steel companies. He designed ‘the steelwork 


Building, University of Kansas, Lawrence, Kans. ; Castner Knott Building, — 
Nashville, Tenn.; Inter ‘Southern Life Insurance ‘Building, Louisville,  Ky.; 

Grand- Leader Building, The Frisco Hospital, The Wall Office Building, Ce- 
i = ment Plaster Mill for the Acme Cement Plaster Company, St. Louis, M Mo.; and — a 
<3 City Hall, Little Rock, “Ark. Mr. Tyrrell represented ‘such well-known frag, 


consulting engineer for the 
_ Concessions and Admissions Department of the Louisiana Rahn Exposi- 


for one his pros) with the St. Lows “Exposition in 


1904, Mr. Tyrrell received an engraved bronze medal which he prized very te 
highly throughout the remainder of his _ 


‘March, 1914, to September, 1914—Yellowstone Sulphur Company, Cody, 


Wyo. (Ww. FL Berger, Denver, Colo.), designing and superintending 
= erection of a1 mill for extracting sulfur from geyser ‘deposits. oe ee 
September, 1914, to J une, 1917—with the Commercial Acid Company, 
‘St. Louis, TIL, as construction engineer, and later in charge of office engineer- q 


nt of chemical -construction—chan mber and contact sulfuric 


acid plants, boiler house, wedge roasting furnaces, sulfur burners, purification 


* For see Transactions, Am. Soc. C. E., Vol. LXXXVI (1923), p 


foundations for many buildings, among which are the following: ‘Fine ‘Arts 
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2 densers ie zine vapor for Metallurgical Laboratories, Incorporated, St. 
Louis, ur under C. H. Fulton of the Case School of Applied Science, Cleveland, 


November, 1917, to June, 1918—office engineer for J. H. Miller, Inc. 
general contractors, Baltimore, Md., in charge of matters. pertaining: to 
contractors on work for the United States Government. 
a une, , 1918, to November, 1918—with the Air Nitrates Corporation, New eo 
york, N. Y., as assistant to the late Chauncey Grant. Williams, M. Am Soe. 

December, 1918, , to October, -1923—with the J. J. White 
Pecan of New York City as resident engineer at the Nichols Copper 
a at Laurel Hill, Long Island, N. Y., in which work he had ‘eed ; 


October, 1928, to October, 1925—special and as office engi- a 


‘ilies for J. G. White Engineering Corporation on complicated structural prob- a 


the Chemical Treatment Company, New York City, engaged in the de- 
veloping pr process of. electroplating with chromium. company had plants a 
New York City, Waterbury, Conn., Chicago, Ill, and many licensees. 
Tyrrell was associated with J ohn T. Pratt, L. C. Owens, and Hirchland. 
de od uly, 1926, to March, 1927—production manager of the Chromium Cor- i 
‘¢ poration of America, in New York City, which company was a combination t ¥ 
of the Chemical Treatment Company and the Metal and Thermit Corporation. fee 
7 ore Mr. Tyrrell’s next ‘assignment was with the Board of Water Supply, City — a % 
addition to superior ability as a technician, Warren Ayres” Tyrrell *¢ 
pe ee those qualities of mind and heart that endeared him to his associates je wit 
of whom the writer was one). _ There was always ‘displayed a quiet, unab- = 
disposition which extremely effective in promoting 
4 harmony among all cooperating engineers and engineering groups. He made ee 


a conscious effort to develop an atmosphere in which each individual felt that, a q 


=. "while the very best was expected of him, he » would be given three chances to re a ee 
a good. This was naturally conducive to a high degree of productivity. 
Mr. Tyrrell had some characteristic sayings that he used advantageously 4 
with discretion. He used to quote: “ Today is the tomorrow we 


~ about yesterday, and it never came!” and “ It is only by» varied iterations — 
that alien conceptions can be fostered in reluctant minds.” 
an He was always ready for the job ahead; and this acted as a spur to stimu- = 
curiosity, in and complete the job at hand. quiet affirmation was 
"oftentimes | his sole mark of insistence on orderly procedure. His high ef 
ficiency as an engineering executive was due partly to a regard for 2 4 
associates as a team of engineering specialists, to each of whom certain phases 3 

of the analysis of new ‘Problem were to be ‘He had iad particular — 
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AYRES TYRRELL 


Hier <a in dissecting a complicated design problem into its component parts — 
and of making: the most favorable distribution of these components to the i 
engineers available best suited to analyze them. Although he encouraged _ em 
such ‘specialization, he was also careful to emphasize that the solutions to the Fe 
"various aspects of a ‘problem must be coordinated and cleared into a’ unified 


familiar Mr. adi 
that had been carefully | worked up and checked, was: “ Can forty engineers Ts e: 
gt” Whereupon he would immediately exert a ‘penetrating scrutiny 
“bearing upon | the assumptions made, the limitations of the materials used and 
their fabrication, the practical matters of economical construction, “erection, as 
and any other items pertinent to the problem at hand. He weighed those te 
ideas of statute and | common law, the exigency of which had directly or in- | 
directly its effect: and influence upon “design and ‘construction. WwW 
larity of vision, simplicity of statement, and informal manner of discussion, 
his ensuing analysis would not only indicate what changes had to be made, 
but, in general, would lead the way to the finally adopted solution, supported 
the over-the- table discussions, the checked computations, and, in short 


the concurrence of all ‘minds. Certainly this was design leadership of ee 


hat 1 was the basis of such leadership? Unquestionably it was bound up 
in the man himself. For each decision to be made, Mr. Tyrrell was always — : 


to inform himself thoroughly on | the up-to-the-n minute ‘status of all 


| 
details. Visualization of facts was easy for him; “indeed, his 


sociates were often amazed cat the clearness and ‘Scope of his 


detailed “ close- ups ” of ne he stages’ of close 
& to specific detail was so natural to him that he continually elucidated t 
matters with a that not only in ‘most 


presence. sie The natural to his 
imereased efficiency in, and an entirely natural enthusiasm for, the work, 
= - Since 1921, Mr. Tyrrell had resided | at Merrick, Long Island, ae 
ss many winters in New York City. | While living in Merrick, he took an inter- 
1 elie in its many activities, being for several years a member of the Board of 
a _ Education, a member of the Advisory Board of the First National Bank of 
a Merrick, a and a member of the Board of Trustees of the Merrick Library. | 
At the time of his death, he was President of the Merrick Club, a club 
to tennis and outdoor sports... from tid 
_ He is survived by his widow, the former Flora B. Hess of St. Louis to a 
4 inn he was married on June 16, 1909, and a son, Warren Ayres Tyrrell, Jr a 
Mr. . Tyrrell was of the Episcopalian faith. arts al 
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‘MEMOIR OF 


neers 2, 1900; Member on October 1, 1902; and a q 
& 3 Member on June 16, 1924. He was elected ‘to Life Membership _ in 1987, a — 
ig and the warmth and depth of his appreciation ‘manifested itself quietly in oes aa 
. 


4 recurring expressions of the value of the honor bestowed. Wwe. 


AUBREY WEYMOUTH, M. Am. Soe. C. E. 


1¢ 


Aubrey W eymouth was born in Richmond, V a., on November 18, 1872, the — - 
of Edgar Jenkins and Medora (Strode) W His parents. were of xg 
| a Mr. _ Weymouth prepared : for college : at Kenmore in Amherst, Va. | He en- wm = 
if tered Lehigh University, at Bethlehem, Pa, in September, 1890, and 
am £ graduated with the degree of Civil Engineer i in June, 1894. He was an honor oe 
4 ‘student in in college and also > had time for an important part in student activities. = os 
: He was on on the editorial board of the college | paper for three years, historian of i 
oe =e his class in his sophomore year, | and was a member of many student | bodies. — a 
He displayed a ‘spirit of gentle merriment tempered by dignity and a sturdy 
character throughout his undergraduate days. These qualities persisted 
throughout his life and made his. enjoyable to his associates de 


spite the weight ‘of. some of them. id of molded! 
Weymouth spent most of his professional life in building construction. 
iy He witnessed the beginning and entire e development of the skeleton-frame tall a ia — 


- building, and personally took a very important part in the execution of this i: 
development. ‘The. -skeleton- frame building satisfied an urgent economical 
need in New York, ¥., and fortunately foundation conditions there are 
that they permitted the remarkable development that has occurred. 
Mr Weymouth’s | first position, as draftsman for Bureau of Yards and — ra a 
Docks, United Btates Navy, at Port Royal, 8. C., lasted for one and one-half 
years after his | graduation from college. April, 1896, he was employed by 
Purdy and Henderson, engineers, who and in the design 
of steel skeleton frames for buildings = © 
After one year as draftsman he resigned to enter the Post 
Pa McCord. From April, 1897, to April, 1900, the period of his first employment 
ee with Post and McCord, he worked on shop < drawings and checked the shop 
Ss drawings of other draftsmen for the steel framework of buildings. In this 
work he showed great ingenuity and resourcefulness. One of the notable 
q buildings of the time on which Mr. Weymouth worked and took an important 
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Memoir prepared by Clarence W. Hudson, M. Am. 


“tig In 1900, Mr. “Weymouth was employed by the American Bridge 
Company, of - ‘New York City. He remained with them until January, 1904, “a 
_ For the first part of this period—1900 and 1901—he was in charge of drawings q 
for the Hospital buildings and the Corn ‘Exchange Bank, both 


other structural steelwork) the 58th Street. House of 
a _ These early experiences with | Purdy and Henderson, Post and McCord, and a 
‘the American Bridge Company gave Mr. W eymouth an insight into the enor- be 
_ mous growth of both total tonnage and size of individual members that was - 
— place ix in the ‘steel ‘skeleton frame for buildings. He became ‘familiar me 


_ The foregoing experiences and his training had ‘fitted Mr. 


_ mouth for the important part he ne was to take i in the future growth of the firm Fe 


of Post and McCord when he was re-employed by them in January, 1904, as ES 


He became chief engineer in 1910, and vice- president and chief engineer in 
1980. chief engineer from 1910 to his. last illness, which began i in Septem- 


interesting and would show ‘ely the extent of Mr. ‘Weymouth’s a 

Bi contribution to building construction. However, a a short but truly important ey 
list will be - substituted for it: In New York City—the Metropolitan Tower, 

erected while Mr. Weymouth was chief the Bankers Trust Build- 
ing, Wall and Nassau Streets; Columbia- Presbyueiaa. Medical Center; Hell 


@ 


‘Gate Power Station; Aeolian Hall; Barclay- Vesey Telephone Building; Savoy 
Hotel; Chase National Bank Building | at Cedar, Pine, and Nassau streets; 
Western Union Building; Chrysler Building; Irving Trust Building « at No. ee 


oe Building; ; and several Rockefeller Center Buildings, the largest of which ~ 
is the RCA Building. Also worthy of a place in this list is the New York tne 
_ State National Bank Building, at Albany, N. Y. Many of the buildings listed _ “ 
here were unprecedented i in size » when ‘undertaken and had to be erected in ‘e. 
metropolitan area, » the facilities, safety, and conveniences of which could not Se. 
be impaired during erection. on. Mr. Weymouth’s cout courage, serenity of disposi- ois 
a tion, upright character, and great physical strength were all necessary to enable ee 
him to do his part in the e undertakings of the Post and McCord Company. ee 
The words of R. C. Post of the Post and McCord | Company will | show how 
“ Aubrey was loved and respected by every member of the organization. eae 
ogg His calm, logical judgment, his keen ability to discern the flaws in 
any situation under discussion, his honesty and fairness and bis fine 
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ey, For the Merchants Association, he served on the Committee on Building © 


__He was vice-president of the Board of Governors of a New York Building bad . 


- New York State Department. of Labor, o on State Standard Building Code. ee 


ae Men of his kind are rare, indeed, and his loss as a friend and = - 


| ly fel th 0 


In order to “appreciate better the kind of man Aubrey, Weymouth was, an a 
account of ‘some of his activities outside of his regular employment must e 3 


considered. Because ¢ of professional fitness, good judgment, and his ability t 
do constructive work when laboring with others he served on many bodies and "A 


~ committees working for the general good of his profession, the industry = 
he was employed, and on city and agencies f for promoting 


construction and fair labor relations. vit bie 
ae The following partial list of Mr. Weymouth’s outside professional, odea. 


civic services may be considered representative: hae 


ae For the American Institute of Steel Construction, he was Chairman of its 
Committee on Technical Research, a member of the Wind Bracing Committee, | 

a member of the Technical Advisory | Board, and a member of the Committee 
_ For the American Welding Society, he was a member of its Committee mee “> 
Building Codes and of its Committee on Structural Steel Welding. He 


served on the W elding Research Committee of The Engineering Foundation. a 


Laws and Regulations and on a Sub-Committee on Steel. He was a member — 


of the City-Wide Building Department Committee of New York City. Ta oe 
For the American Standards Association he was a member Sub- 


Committee of the Sectional Committee A-57 on Building Requirements for , 


2 


was a member of a Special Advisory Committee to the Industrial Board, 


en served ¢ on Joint on Structural Safety i in Building, which 
committee was organized by the Architectural and Engineering Societies of ‘2 


ER, ee was a member of several committees for ‘both, the Iron League af 


ew 


3 He was a strong of the New York Lehigh a pe- 
_ riod of thirty years. He helped in the incorporation of the Alumni peer ae Ps 
tion and was an important fa factor in shaping its policies. — He realized the part Fe 
athletics and good living ¥ conditions play in a proper development of student Bs 
education and character, and worked intelligently and fruitfully for clean, — a LY 
honest sport and for the establishment of a real college dormitory and living ae : 
‘system on the campus. He was elected : an Alumnus Trustee of the University 
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- ‘Trustee and in this capacity served until his death. — executive officers of Se 
_ the University leaned heavily on him and had the greatest confidence ‘in NG 


ay conferred the degree ‘of Doctor of on him in 1985, 
BESS : _ Although Mr. Weymouth was able to, and did, greatly enjoy his professiidl Be 
a 4 work and his outside activities he loved to get away from it all at times and - 
5 a play. He was an ardent and good golfer and one of his greatest pleasures was i; 
i — to get out on the links with groups of his friends, former college mates, and es 
business a and professional associates. Those who were fortunate enough to 
7 a, have had a , day’s play and recreation with him always came away 1 refreshed Ee 
and inspired by his spirit of fun and sportsmanship, = 
_ Mr. Weymouth was a member of the Pomonok Country of Flushing, 
N. and of the Engineers Club of New York oT 
e 3 On April 27, 1901, in New York City, he was married to Alice Buer White Sg 
Beaufort, 8s. C., a member of a well-known family of the state. Yo. Vino 
Mr. We eymouth’s: first serious illness was in the spring of 1938. However, 
aided by his great courage he was able to “ carry on” until that 
year, after which time he was confined to his home until his death. 
*, — He is survived by his widow, and his two daughters, Mrs. A. Hawley Peter- — 
(Medora Weymouth) and Mrs. Russell Moock (Martha Weymouth). 
la Mr. Weymouth was elected a Member of the American Society of Civil 


F Wilcox w was on on May 26, 1854, in the old City of Pa, 


: at the site of the present North Side Post Office. He was the son of of Lemuel 
i orth Wilcox and Eliza Fleming, of English and Trish ancestry. Av 


pte later attending Stevens Institute of Technology at Hoboken, N. J. A ae 
ee 16 was graduated with honors | in the class of 1880, receiving the degree of Me 
- Upon graduation he associated himself with his brother J ohn in the foun: 
dry and machine business in Pittsburgh, the firm being known as. Wilcox, 
oF _ Shinkle and Miller. It was in this shop that the first Bessemer Converter 
was built for the Edgar Thompson Steel Company at Braddock, Pa. = 
ae Mr. Wilcox severed his connections with this firm in 1884 to become engi- - 
- peer of the newly organized Peoples Natural Gas Company, and laid the first 
“4 gas line from the Murraysville Field into the City of Pittsburgh. When the eh 


4Memoir p . C. Hawley, Alfred C. and Chastes L. Fox, Mem- 
bers, Am. Soc C. Hawley died December 
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Company, Mr. Wilcox engineer, ona to A Gillespie, 


= During this time Mr. Wilcox laid numerous gas pipe lines into various 
glass houses, iron mills, furnaces, and manufacturing plants in the City of a 
Pittsburgh. en the Philadelphia Company became firmly established, Mr. 
¢ Wilcox resigned to become superintendent of the Pittsburgh Water Depart- 
a ment, and under his supervision were constructed the Brilliant Pumping Sta-_ Nae 


was then superintendent in charge of construction for Mr. Westing- 


~ In 1890 the firm of T. A. and R. G. Gillespie was formed for the construe- 
tion of large riveted steel pipe lines, and it was at this time that Mr. “Wilcox 
joined the Gillespie Brothers in what proved to be his life work—the construc- x 
tion of pipe lines for gas, water, and air, 
Later when the T. A. Gillespie Company was organized, Mr. Wilcox be-- 
renee chief engineer of that large contracting ‘company, and remained + with 


-_ Gillespie until 1916, when he retired from active duties, but continued = ' 


His experience with the Gillespie ‘Company was wide ‘end and in- 
eluded the construction in 1895 of one of the first steel water lines in the =) 


connection with the ‘company as consulting engineer. a 


water lines the ‘Board: ‘of Water Supply for New York 
x Rochester, N. Y., Jersey City and Atlantic City, N. J., and Detroit, Bay City, Hg 3 

= 


and Saginaw, ‘Mich. During his engagement with the Gillespies he built 
locks and dams, tunnels, and railroads for thirty years. 

Pe In the early days of the natural gas business, he ) was looked upon as an - 
authority i in that field; in the introduction of steel pipe lines he stood pre- 

% eminent as a pioneer; and his advice on design, manufacture, and installation __ 


‘ad Thomas H. Gillespie, President of the T. A. Company, writes 


wealth of knowledge and experience, always at the disposal of his associ- — 

ypu ates, and he performed a task as pioneer in the pipe line field that will a ee 


x All who came in nina with Mr. Wilcox during the many ye ; 
professional life will agree with this statement. 
a. On November 10, 1886, he was married to Mary Ann mere of Brookline, 


Mr. Wileox died on May 25, 1939, at Mt. armel Hospital in ‘Odimivih, 

following a two weeks’ illness which resulted from a fall o1 on the porch 

of his home. He is survived by his brother, Charles W ileox; a son, Ww inthrop; a 
x and a granddaughter, Nancy Wilcox. Mr. Wilcox 1 ines a ‘& valued, member of ag 
the and his passing will be a distinct loss. har 9 203 


| 
SYDNEY BACON WILLIAMSON, M. Am. Soc. C. 


The ‘Williamson family is of English is found in 


_ Various localities of Great Britain. The first of the name to come to Virginia oe 
was John Williamson, ‘a native of Kent, who landed on this side of the 2 ae 


was 


in 1707 and | settled Norfolk County, Virginia. His “great grandson was 
Thomas Hoomes Williamson, born i in Richmond, Va., on August 13, 1813, and ae 


the father of Sydney Williamson. josie 
‘Thomas Williamson, after Norfolk, Va. the 


United States Military Academy at West Point, N. Y., in 1829. He remained — es 
nearly, four y years, but he did not graduate. a spa civ il engineering as ie 


-_- During the Civil War, although 48 years old, he took “ ‘time out” eee 
a volunteer his services to Virginia, and was appointed a Lavette -Colonel of 4 
g Engineers, C. S. ‘hs serving first as Chief Engineer of the Army of the Po 


Pe tomac at the First Battle of Manassas. He was cited by his commander, Gen 


>a eral Beauregard, for ‘discharging his ‘duties, which consisted of laying out the 
5% ee lines and field works at Manassas and Centerville, “with untiring energy and 


devotion, as well as satisfactory ‘skill. served throughout the war, and 
ie 

it is ‘recorded : among other items that he located the batteries along the Po- 

tomac and | Rappahannock rivers, laid out the defensive lines at F redericksburg, 
and was asked for specially by General ‘Stonewall ackson to serve as 

“his Chief Engineer during the McDowell phase of the famous ‘Valley Cam- 

-paign of 1862. Later he received the honorary rank | of General and was 8 


ealled for the rest of hislife _ sd 
General Williamson married twice. His second wife was Julia Anna 
(Lewis) Wharton, whose forbears of Scoteh- Irish stock were among the early 
"settlers 0 of Rockbridge County, Virginia. 1 Their son, , Sydney Bacon William- — 
— 80n, 1 was born on April 15, 1865, in Lexington, and was destined to become 
one of the great engineers of his generation. — As his career unfolds, it is easy 


to trace the influence his the de 
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ties and drawing at the Virginia Military Institute at Lexington, Va., Get 
years of the founding of this famous school. For forty-seven years he 
MH = =—=-—-_—_labored here, becoming later not only professor of engineering, but also filling nee 
™ jj. the chairs of drawing and architecture. He also sorved a 4-yr period as com eS Ete 
mandant of cadets and another like one as (reasurer. During these years te 
exerted a memorable influence on the hundreds of young men he taught Gr 
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vi reared i in such an saenniigiaid as Lexington must have been 3 inspiring i i 
to any b boy. Sydney was born i in al house at | the end of South Randolph Street, 


3 old friends and fellow yotellieli at the Institute, and from the father the boy 
_ would hear many tales of the famed Confederate leader. The dignified and aa 
_ beloved figure, Gen. Robert E. Lee, president of Washington College (later eae 
Washington and Lee University), at Lexington, in Sydney’s earliest years, 
: left an impression that was well remembered as the boy passed on to manhood. - i: 
Gen. Sam Houston was born only 7 miles away, and many others who became 
nationally famous in diverse fields were either natives of Lexington or claimed __ 
4 the town as home. Sydney first attended the school conducted by Gen. Wil- . 
liam N. Pendleton, formerly ¢ General I Lee’s: chief of artillery, and his daughter . 
ie" the Episcopal Rectory, in an atmosphere of inspirational refinement and ge ‘ 
_ educational efficiency. Then he entered the public high school of Lexington — at. 
and was taught by Capt. J. . B. Jones, famous as: leader of one of the few 
company units ‘to reach Cemetery Ridge in Pickett’s” immortal _ charge 
3 Gettysburg. J ones was as good a mathematician as soldier, , and to him Syd- wk: ei - = 


ney owed the fine ; grounding which he applied so well during his later e engi- 

ap: When only 15 years old, Sydney qualified to enter the Virginia Military 

__ Institute, from which he was graduated in J une, 1884. A fellow cadet, Capt. a ‘ 
_ Greenlee D. Letcher, of Lexington, reports him as very popular, a fine baseball - 

i football player, a beautiful skater and dancer, with a most delightful per- 
sonality. In the battalion organisation he was cadet adjutant. He belonged 
to Kappa Alpha fraternity (southern). 5! His standing at graduation was ninth 
in a class of eighteen. _ In his own words, “ this was mediocre, but I derived 
some consolation from n theory that the hard students ‘stood at the top of the ; 
classes, the s stupid or ones at the foot, and the bright students in the middle. am Sir 
After graduation, through the influence of his roommate, he accepted an 


Academy at t York, 8. 0. and began his duties in 

1884. Here he remained for nearly two terms, until February, 1886, when 
letter arrived from a classmate | urging him to join the former in business at Py, oe 
Paul, Minn. So he resigned from Mountain Academy, whimsically 


later, “I thought I did well as comman 


On his arrival i in St greeting froin Camden was 
there was : was no job, 80 he had to take whatever he could get, and that quickly. 
ag After a few weeks with a real- estate oe edhe he was “fired” for refusing to h i 
a perform menial family tasks for his employer. A few days with an an old land Re 
surveyor, and, for failing to ‘ “prick off” some plots of land tracts to the satis- aa 
ay faction of his boss, he was “ “ fired xg agai n—“ fortunately,” he records, “ because 
it was then that I really made a start | in chosen profession.” 


- *From longhand manuscript by Colonel Williamson, in possession of the Williamson 
om, entitled “ Record of Incidents Professional and Otherwise, ™ dated January 16, 1934. 
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start was a short of three months from 
eer of the Chicago, Burlington and Quincy Railroad Company to compute ee 
quantities on a line recently surveyed. From this position he was secured in a 
a July, 1886, by C. A. F. Morris, chief engineer of the former St. Paul and — 
rea: Duluth Railway. — Here he served as transitman on the relocation of this line xe 
= from Thompson, Minn., to ‘Duluth, ‘Minn., | survey performed in a bitter 
ee winter; then he was in eilioies of a 10-mile, and soon after a 20-mile, resi- as a 
a, dency; finally he became principal assistant to Mr. Morris on _ several pro : 
posed changes, notably between St. Paul and White Bear Lake, Minn. While Re 
> ir o on his residency he was much impressed by a visit and inspection by the late me 
James J. Hill,* Fellow, C. E., to whom Mr. Morris introduced 


“Mr, Hill said, ‘ Well, man, I do not want any trestles on that 
“4 line—only a solid roadway. ? After leaving, I asked Mr. Morris what Mr. 
Aa iG _. Hill had to do with it, ‘and he said that Hill only owned about 52%, which — 
} Bate big was enough for him to dictate as to what he wanted. The road was built ; 
pee as Mr. Hill specified with stone culverts and fills. I think it was the es : 


heaviest piece of railroad construction in Minnesota at that time 


When n surveys for the proposed changes" ‘were completed, a new control 
oa came into power, opposed further spending, and, as 1889 began, Mr. William- 
son had to seek another job. He found it with the Northern Pacific Riles 
as _ Company and became assistant to Mr. Kendrick, the chief f engineer. He . 
‘ went to Billings, Mont., to look after a 50-mile branch line headed for Cooke a 
wa City, Mont., from Rocky Fork through Laurel, Mont. , and surveyed an alter- a. 


Later he returned to St. Paul and made an important reconnaissance through a3 
northern Minnesota over practically the line later occupied by the Great — 
Northern Railway. After preparing a general map of the country traversed, 
7 received an offer from Montgomery, Ala., too attractive to refuse, and, at 2 
- = close of 1889, resigned from his railroad work to accept membership in the 
. _ His older half brother, the late W. G. Williamson,* M. Am. Soe. ©. E., had 
recently ‘resigned as city: engineer of Montgomery and had formed the firm 
designing engineers bearing his name. After Sydney joined, “among ‘their 
_ ‘retainers were the design and construction supervision of sewerage “ 
= several ‘towns, among them Columbus, Ga.; plans and supervision for 


& route from Cooke City to join the main line’ via Stillwater Canyon. Pes 


paving g of certain Montgomery streets; and for the Capitol grounds. 
& _ When work slackened in 1891, W. G. Williamson took a position as U. x 
engineer on the Tennessee River at ‘Milton’ Bluff, Tenn., and soon 

“are after (in September) employed Sydney a as a transitman to make surveys of 
ee all river improvements then contemplated between Milton’s Bluff and Desai 


In due course, the latter was advanced through various ratings and also 


became assistant engineer. young Lieutenant of the Corps of Engineers 


in charge of the district which then comprised all river work below Ooh 


memoir, loo. olt., Vol. $4 
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OF SYDNEY WILLIAMSON 


mutual assignment arose | friendship never broken and a professional 
- eontact extended over many years, which was often interrupted by the turn > > 
of fortune, only to 10 ‘be resumed tints after time. 


part « on 2 plans and estimates for the lock nearby at Riverton, Ala. 
_ designed to by-pass Colbert Shoals, Ala. — The design for this lock has his- 
torical significance, in that its extreme low-water lift of 26.42 ft was the great- 4 
F. at to be attempted anywhere up to that time. In fact, the district engineer _ 
a - encountered no little opposition i in ‘getting the original scheme, for two locks bs “ 
}- 13-ft lift each, set aside in his chief’s office in Washington, D. However, 
_ the single lock was finally approved, and with two exceptions* remained the 
lift lock in the world until those at Panama were built. 
The construction conditions ‘encountered were no less than the de- 
sign was radical. As Mr. Williamson describes it, = 
©The lock site * * * was close to the south bank of the river and the _ 
he Mes? soil consisted of a few feet of loam underlayed by quicksand, and several _ Baie 
_ unsuccessful efforts had been made to sink a shaft through the quicksand Bs 


to determine the depth to rock foundation. Lieut. Goethals sent me to 
? wis Riverton to try my hand at getting down to rock. We made heavily 
braced boxes seven feet square by about six feet long and sunk these as 
_frwo far as they would go or could be driven, which was about ten feet below 
_. the surface. From that point down Wakefield sheet piling was used by 
driving it a few feet at a time by hand, then excavating and bracing ite 
p: ume that distance and repeating the operation of driving, excavating and brac- 


jj ing until we reached rock at about 25 feet below the surface. The foun- s s 
i dation of the lock was fixed a few feet below this, so we drilled down — 
a 25 feet into the rock to ascertain if it was bedrock or merely a = 
stratum, then put in a light shot to get samples. The quicksand exerted 
i great pressure on bracing of our forms and they cracked now and then — 
ee and additional bracing had to be put in quite frequently. All this | 
frightened the men doing the excavation and I had to stay down in the © cae 
pe pit with them to watch the bracing and allay their fears. The labor was Pag - ; 


_. a most cheerful liar. When we were loading the hole in the bottom of 
the pit to shoot out samples the men began to speculate as to what oo 
wes happen if the dynamite went off prematurely. There wasn’t much doubt 
3.3 te in my mind. Jim helped the situation by telling of being i in a well when ae 
“sts the dynamite went off. He said, ‘Me and two other niggers were blasting ~ 
s down ina well once when the dynamite exploded and blew them niggers 
all to pieces.’ I asked him,.‘ what did you do, Jim?’ ‘His reply was, 
Oh, just stepped aside and let her go by.’”* | 


The district engineer inspected one day while Mr. V Williamson was with his i 
men at the bottom of the pit, and “from that moment until the day of his Ae ; 

death Goethals had Williamson as his lieutenant on every job of importance.” 
The subsequent construction history saw the contractor ‘fail after incompe- 
2 tent performance and before any masonry was laid. The work then was ad 

§For memoir, see Transactions, Am. Soc, C..B., Vol. 98 (1929), p. 18138. 


-___ *Lock between Mississippi River and Bayou Plaquemine, lift 87 ft, begun in Bp 
and Hales Bar Tennessee River, lift 87.5 ft, begun in 1905. Lae: 


_ darkies except there was one white man named Jim Smith and Jim was e. ‘4 
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, i Island, R. I, and Nantucket, “Mass. The most important projects then under 


with: narrow air space between its walls and the outer concrete, a Tike 
a space between its false tile ceiling and the concrete roof; as fast as condenss- 


ce) = the tile acted as a blotter, absorbing the moisture in the air of the magazine, 


ona 1 force account basis with Mr. Williamson i in direct charge and thereafter 
to successful and uneventful conclusion. | 
In 1896, when the Riverton Lock was 75% completed, Mr. Williamson was : 
3! relieved and put in charge of operation and maintenance of the Muscle Shoals Mi 
= os - While living on this assignment at Lock 6, he conducted an important ag: 
series ‘of field tests aimed to check the actual stresses developed in the lock — 

gates against those deduced from the design formulas employed. 


Fo pa the Spanish War began in 1898, he obtained a leave for ‘in duration — 


Corps Maj. Gen. John R. Brooke in ‘Puerto Rico. (After transfer from 
ya the Tennessee River in 1894 to the office. of chief of engineers, Goethals hed 
become Lieutenant Colonel, U. V olunteer Engineers, and Chief Engineer, 


Puerto Bites, his first task was the of a dock ‘for lighters to 
—s and supplies from transports lying out in the practically open road- 
stead. Soon after, the hope for active campaigning was shattered, for just 
- as General Brooke’s command was about to. go into action to open ‘the tebe to 
San Juan, Puerto Rico, a dispatch announcing the signing of an armistice 
_ arrived. _ Thereafter, the work t that fell to Captain Williamson was confined 
- ) making the San Juan » highway passable by repairing the arch bridges blown 
up by the Spaniards and removing stone slides which they had blown down 
‘ar across the road in many places. His request to’ be sent home was then imme- _ 
diately approved, and he left the island without | even visiting ‘San J uan, which : 
_ his efforts had again made accessible. He resumed his former duties on be 


‘Tennessee ‘River, with assignment to the Chattanooga office. 


a> engineer and again on the application of Major Goethals, then district engi- 


neer at Newport, R. 1) to Newport, at that time headquarters of the U. at 
aay Engineer District comprising all federal river and harbor work between Block . 


In n August o of 1901, Mr. Williamson was transferred (still a as U. ‘Ss. 


way consisted of the “new sea-coast de fenses of Narragansett Bay and mod- 
ernisation of | existing forte. Mr. Williamson was in charge of building ‘the =e. 
emplacements since embraced | in the tactical ‘groups comprising Forts Greble 


crete, the walls and ceilings used literally to run with moisture caused x a 
ion induced through the variable humidities and ‘temperatures, not 
only as between winter and summer, but often as between night and day. A. 

. - practical solution wa was found d by building an inner room of hollow, porous tile, A 


tion against the concrete took place, it drained off f through the air spaces, while — 


draining i it off to the air spaces when saturated, and maintaining proper condi- 
fr, Williamson ec collaborated in 
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“this: ation, and the method came into general use in fortifica- = 
he With: the completion of the new forts, work slowed down to dull routine in — 
the Newport ‘district. cj Mr. Williamson had been en studying with keen interest 
q the rapidly growing use of reinforced concrete, and in the latter part of 1903, cide 


after twelve of unbroken government service, he to become 


Mo, for which he went to Baltimore, Ma, his (abe 
there after the big fire. was the era when few engineers, and fewer 


building opportunities anticipating amestown (Va.) Exposition were 

active. In many cases, where structural steel had been specified, Mr. 
W illiamson poets? persuade the architect to allow a an alternate in rife 
conerete, ‘While this compelled the former to prepare his own structural 
design and estimate, it it secured him even more buildings, a number of highway | a 

bridges and culverts, a pier at the J amestown Exposition, and the 14th Street a 


car barn (street railway) in Washington ae activity continued until May, 


in the Canal Zone, President Theodore Roosevelt had placed anew 
oes: in charge of the work, the chairman and chief engineer of which © 


was Mr. Williamson’s former chief of Riverton, Puerto Rico, and Newport 
days. While his private work in had been successful and profitable, 

q Mr. Williamson felt he could not refuse the engineering opportunities afforded + iY 
ly the offer Colonel Goethals made him, although, , when he reached 
Canal Zone, on May 17, he had no idea of the important position to which 

iv he was to be assigned. That he never regretted the change is shown 
P| later by h his own words written in 1934 as he looked back on his long career: ny 
4q “ANT can say is that it was the most interesting and absorbing } piece of engi - 
neering I have ever been connected with.’ 
After sufficient « opportunity to become with the en- 
tire project, Mr. Williamson was first assigned in July as division engineer 
_ of La Boca (changed to “ “Balboa ” ” on April 30, 1909) Lock Construction Divi- 


4 sion. Ih December his duties were expanded to include what was then termed ‘ 


view to. concentrate ‘authority, to expedite the transaction of 

5 i to secure better coordination, to fix more definitely responsibility in any par- 
ticular case, and to reduce the cost of of administration. of this reor- 
= ganization arose e the three construction divisions. _ ‘The ‘Atlantic and the Cen- 


*¥For memoir, see Transactions, Am. Soc. C. B., Vol. 101 (1936), Dp. 1642, male 
Annual Report of Isthmian Canal Commission for 1909, p.1, 
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ay OF SYDNEY BACON WILLIAMSON 
divisions were each headed by Army engineers (who, incidentally, were, 
also commissioners). It was Colonel Goethals’ plan to have one of the divi- 
sions headed by a civilian, not a commissioner, with civilian subordinates. 
; ae ‘accomplished this plan on July 15, 1908, by combining the old La Boca 
& . Dredging and the Pacific Locks and Dams divisions into the new Pacific Di- — 
a vision, extending from mile 39.53 to deep water in the Pacific Ocean, a dis- 
 tanee of 11 miles. Mr. Williamson was appointed division engineer, and 
thereafter reported, as did the other division heads, directly to the chief engi- — 
Meer. _ Without question the record of the Pacific Division of the Panama a 
ss Canal was the great achievement of his whole professional career, as it ¢ com- % 


es bined all the elements of engineering, construction, and administration over i 


Bey” a period of four and | a half years, and brought to a peak those qualities which ee 


_How Mr. Williamson organized and completed} his assignment through the 
* medium of five subordinate districts has become engineering history, that : is <4 
a best presented in his own clear reports and writings.2° It is pertinent to re- sda 


a view here only certain n aspects and recollections of the work which emphasise % 
original plans the Canal, set down by the of the 
ins " Board of Consulting Engineers (the Board appointed by President Theodore _ 
Roosevelt on June 24, 1905, whose minority advocated a lock -canal—which 
te reve report was adopted by the President), called for a flight of two locks 
= at La Boca and one at Pedro Miguel. - Later investigation proved the La Boca 
site undesirable, not only for military reasons, but because of the unsati 
factory foundation conditions developed for the proposed Sosa- Corozal Dam, 
| a structure required if locks were placed at La Boca. A careful re-examine- 
- tion of the Canal route from Pedro Miguel to the Pacific was undertaken by 
ms wash- and diamond-drill borings, and by test pits. Mr. Williamson | took di- 
rect . charge of this investigation soon after it was started, the result of y which 
- was to confirm the decision to build a single lift at Pedro Miguel, whereas the _ 
Ta Boca locks were to be moved inland to Miraflores. _ Aside from the military - 
advantage, the latter location brought about required dams of lower height, 
_ shorter length, better foundations, and earlier completion than would have 
a been possible at La Boca. — It would have been possible even to locate all three i 
mt - Pacific locks at Miraflores; but if they had been thus located, the foundations 
i. of the lower locks there would have had to be carried to a greater depth oie 
was justified economically, and international conditions were bringing in- 
“ere creasing clamor for earliest possible completion. Accordingly, arguments fa- 
- -voring lower operating costs for three locks i in one place were overruled. | Mr. as 
Williamson’ 8 foresight and grasp grasp of the essential factors leading to the Mira- 
flores two-lock decision cannot be praised too highly. 
‘a _ The designs common to all the locks and other structures—the lock “wall ei 
sections and culverts, the gates, the operating and safety machinery, types of 
3 Deas, qoatters, and the like—were all handled in the office of the chief 


See Reports of the Division Engineer, Pacific Division, in Annual Reports of Isth- 
be mian Canal Commission for 1909 to 1912, inclusive; see also ‘“ Methods of Construction — 
| the Locks, Dams and Regulating Works of the Pacific Division of the Panama Canal, 

om S. B. Williamson, Transactions, sapuercueneisan Eng. Cong., 1915, Vol. I, p. 428 et seq 
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"MEMO OF ‘SYDNEY BACON WILLIAMSON 

engineer at Culebra. Questions of ‘design to satisfy peculiar me 

Fai division, however , were delegated to the division engineer to draw - 2 i 
- and submit for approval. _ Although Mr. Williamson was primarily the out- a 
- door construction man, he originated many of the features developed in the 
- Pacific Division by his very competent designing staff, improved the details _ 
of others, and kept in general touch with all. He would state what he wanted 

to accomplish, but ust usually let the designer find the best means. wa was salways 

open to suggestion and would insist on his own solution of a problem only 


on convinced it was better than another. — After a a long day mostly spent a 


 tramping over his division, he might often be seen carrying home an envelop 
i. containing some design problem to occupy his evening hours at his quarters _ 
‘Mr. Williamson contributed ideas for improving the wooden cantilever 
- forms for lock concrete that his division made famous (the original idea is — 
attributed to one of his designing engineers, A. P. Crary, who brought it from 
> previous job). . He originated the idea for the hollow concrete cylinders, 
_ sunk open-caisson fashion in superimposed sections, as used for most of the 
_ foundations for the Balboa terminal piers and for the north approach wall 
- of the Miraflores locks. Although they were not built until after he had left — 
Isthmus (excepting the initial dock), Mr. Williamson made the general 
=, layout of the piers and docks at Balboa which was later adopted i in all essential h 
- features. He decided to remove a large amount of blue gum mud in the Canal 
 prism—difficult and expensive to handle in the ordinary dry -way—by hy- 
r 4 draulic / means; hi he not only reclaimed much waste swamp land, but actually = 
_ sluiced uphill and deposited the material as core for earth-dam construction few 
, by flooding the borrow pit and placing his dredge pumps on floating platforms — 
or barges. ‘The use of hydraulic giants and lock bar pipe for dam construc- 
tion was rather an innovation for those days. He guided the design for the 
reinforced concrete barges on which these dredge p pumps . were mounted. He oy, 
a was the moving spirit in developing the designs for the balanced berm and a 
the lock | ‘concrete, with a foresight that enabled ‘their later dismantling and 
Te erection for use at the Balboa -coaling station. After investigating four 
possible sites, he selected Ancon Hill for a Lmsarptry made a crusher installa- — 
y tion that provided stone in two sizes for concrete—not only for the Pacific 
locks, but also for the dry dock, the terminals at Balboa and Cristobal, a por- . 
“4 tion of the east breakwater at Colon, and most of the fortifications, to men- 
a, tion only ‘the more important: structures. With all his administrative duties 
; and acknowledged preference for the construction end of the work, his con- 


A 
a The Pacific Division record for concrete yardage and | economy was unsur- 


passed on the Canal work. a The greatest concrete output at any of the locks 
o of the Canal ins any one month was that of ‘April, 1912, at “Miraflores, when be 


735 cu yd, place "measurement, handled, an average of 3,759 cu 


Canal Record, Vel. No. 8, p. 2 
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"Paci divisions. appears to lie jen about in the higher cost of stone and sand | ; 
indicated in t the cost reports of the former. This alone’ makes ‘comparison 


unfair ‘the Atlantic Division because the securing of stone sand 


Division (such as the capacity of the Panama Railroad, had rock Jf 
7A been hauled from the Pacific side), whereas the Pacific Division obtained ie : 


"stone with maximum rail haul of only 7 miles, and its sand after a 20-mile 
sea haul across water that is invariably calm. The unit-cost performances 4 
two divisions, therefore, should be compared. on the basis of the: com- 


ponents entirely within the control of each, such as cost of mixing and plac- 


a ing, reinforcements, forms, power consumption, maintenance of equipment 
ieee plant | arbitrary, and divisional overhead. In these respects Mr. W illiamson’ 8 
records were unequaled elsewhere#® = 


He had no spe ecial rou atine. Those who worked | on the locks sure to 


_ work would s see him less often, but every 0 one welcomed his coming. — He was 


, always ready to discuss the work with the y youngest foreman, and if the latter 
had a suggestion which would speed up operations, Mr. WwW illiamson would at 
make the suggestion | effective, | giving ‘proper credit. ‘He w quick 
i merit in comparative inexperience and to promote accordingly. The 
superintendent i in charge when the Pedro Miguel lock was was just 
out « of college when the Pacific Division was organized. The spirit in the 


division was spontaneous. pulled together to eet the job done. 


chi | had an excellent organization on my. Division and there were very 
f re changes in those holding responsible positions throughout the work. ed 
s tard All of the force took an intense interest in the work especially since the : 
_- work in the Atlantic Division was very similar, and due to this there was 
; “More or less rivalry between the two divisions, each striving to beat the ro 
_ record of placing concrete in the locks of the other. The yardage placed 
Otis was published each week in the Canal Record and kept the employees 0 
each division on their toes. 


_ The close of of 1912 saw ‘the Pacific I Division work i in the Canal ‘prism pr 


stantially completed, “except for minor details. The installation of the lock 
machinery at all Canal locks was centralized in a special division under 


chief engineer. Mr. Williamson had no desire to remain on the permanent 
operating organization, and an offer had reached him to re-enter private work. 


; He ‘resigned, effective December 12, 1912, and ‘shortly sailed for ‘England to ed 


42 See reports of the Chief Cost Accountant in Annual Reports of the Isthmian Canal — 
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MEMOIR OF SYDNEY BACON “WILLIAM N 

The field of dios company y at the time was world-wide, and the construction _ ” 
work controlled from London included a power station and street railway at pir 
Pern ernambuco, Brazil; similar’ work at Buenos Aires, Argentina; and a water 7 
“supply system for Genoa, Italy. It was essentially : a remote-control method of a 
- administration, wherein the directing head had little opportunity for the oe 

- intimate daily contact with his men that the Canal work had afforded; yet ¥ 

Mr. Williamson’s associates of that time e speak warmly of his ac- 

_complishment in the brief period in which he served. His work was suddenly ae 
: curtailed by the outbreak of the World War in 1914, and as English capital cms 

was largely involved in the projects under the London office, most of the work nae 

to a halt. Mr. Williamson returned to the United States. 
4 " His ability as a construction administrator had attracted the attention of — 
> the Hon. Franklin K. Lane, Secretary of the Interior. Up to that time the ¥ 
U.S. Reclamation Service had been divided into a number of supervisory 7 
districts all administered separately by the director and chief engineer from ag “ia 


W ashington. On December 10, 1914, Mr. Williamson started to make a sur- coi 


Jun e 15, 1915, Mr. _ Lane established an executive office in Denver, Bu: 


a Colo., with Mr. Williamson as chief of construction. | Thenceforth all matters : a 


2 the Denver office. All other detached. offices that t of super 


wry in the fiscal 1915, there were 36 projects under ws ‘way or in 
_ eration, divided among six major divisions. _ A central designing office was 


4 


4 also included to | standardize all structures on | various projects. One of = 


most important features was 3 the installation of a uniform system of cost i 
- eeping adapted from the one used on the Panama Canal. Mr. Williamson’ s 


talent and experience enabled him to accomplish these innovations and econo- 
. _ quickly, and they were all functioning smoothly by. the ‘end of the ; year. BS 


> 


vey with a view to a reorganization. His views were adopted 


_ Early in 1916, Guggenheim Brothers were seeking a man of considerable 


potas: Sr experience to handle their interests in Chile. At the request of 
‘Harry Guggenheim for a suggestion, General Goethals recommended Mr. boda 
-liamson unqualifiedly. The latter resigned from the U. S. Reclamation See 
vice, and began his in February, 1916, as construction..¢ 
with designation later changed to consulting civil engineer. his 


- occupied him for the next sight years, except for the leave of absence § given 


> .: him during the W orld War. After he had organized the designing engineer- 


department in . the New Y ork office, much of his time was spent in 1 Chile, 


: a both at Antofagasta, where the properties of the Chile Exploration Company bs 4 


were re located, and at tine st headquarters of the Braden Copper Company. 
ite 
4 also spent some time at various other where important structures 


> 
= to management and execution of the work in the field passed a * a 
a 


=% 
» 
Mis 
well as the departments of purchasing, disbursing, collections, and examins eae 
tion of accounts, thereby effecting many administrative economies. The chie co 
of construction had direct charge of all employees engaged on constructio _-* 
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was work after his own heart. it he brought men from the 
cific Division in Panama and from the U. 8. Reclamation Service. It 


put of the Chile Exploration was increased nearly two and a half 


ae times, featured by extension of several mine railroads; modernization of = 
ment; numerous plant extensions ; 5; construction of a 9-in. p pipe line more than -. 
a. miles s long to bring potable water from Toconce to Chuquicamata, Chile; a G 
large ‘power station at Tocopilla, Chile; and modern townsites completely 
equipped with quarters, churches, hospital, schools, and welfare facilities, 
Versatility to meet emergency was well illustrated by Mr. Williamson at 
Chuquicamata. During the World War, no mo more structural steel could 
_ shipped from the United States, so he immediately altered all plans | and ye 


grams by changing every” major structure to ‘reinforced concrete. For the 


new crushers, and a long aerial tramway, this work housing 


When the United States entered the World War, ‘My. 
; is his work as far ahead as foresight would permit, ‘and, although then 53 years 
a offered his services to the War Department. His employers generously 

him leave for the duration of the war. He wi was commissioned a Lieuten- 

; - 3 ant-Colonel of Engineers on June 19, 1918, assigned to the 55th Regiment of a : 

ee Engineers, and reached France on July 16. The regiment was sent to Gidvres _ 

sy for work under the section engineer of the Intermediate Section (west), and + 

aa ia _ when the Colonel of the 55th Regiment was relieved to go elsewhere, Colonel _ 

_ Williamson assumed command. Later, on ‘September 22, he relieved Colonel ie 


Pea Graves 2 as section engineer, -, and his duties v were soon extended to include the 
i District of Paris. On November 4, he was promoted to the rank of full We 
Colonel. the | large amount of varied construction work required in the 


Hine of communications, the work at Giévres the largest single project, 
and of Colonel Williamson’s part therein his immediate superior, Col. ‘Ernest % 
©The Giavres project ‘contemplated a depot eapable of storing 
a _ plies for one million men for thirty days. _ Its design covered an area 
“a 23 2 miles wide and 6 miles long, and included 213 warehouses, 260 miles of 
ar. railway track, a large refrigerating and ice plant, two remount - depots, ae 
aT camp hospital, a veterinary hospital, a gasoline distributing station, 
te barracks, a water supply system, shops, roundhouses and motor parks. —__ 
nevig. © As my assistant at Giévres Colonel Williamson was the same efi : 
Gass cient, capable engineer that he had always been. He was not only skil- 


and employee welfare facilities as installed for the Chile Exploration Com- 


in charge of the Depot construction so that I could give my time to other — 

.. int work of the Intermediate Section (west). Later Colonel Williamson also 
a me on this other work. When I was relieved as Section Engineer, a oa 
Pay there was no doubt that Colonel Williamson should be the one to take : 
charge. This he did and did well. The construction of the Depot was 

— 


ful and experienced but he was also a first rate executive. He was placed a ie 
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was 174 of the 213 warehouses had been completed 
— 182 of the 260 miles of track had been laid.”* ee I! 


Following the Armistice, his territory was further broad lened wi activity 
devoted to road maintenance and buildings at the various centers troops. 
were concentrated prior to entraining for the ports of embarkation. a Early a 
nee 1919, he was relieved by his old commanding officer, Brig. -Gen. E. L. a 


Daley, ‘M. Am. Soc. C. E., U. S. Army, of the 55th Engineers, who writes of oe 
“The War time service of Colonel Williamson was characterized a 
Ee - great energy and resourcefulness * * *, Hundreds of officers and thou- ia 
sands of soldiers recall the calm and reassuring manner with which he a 
BUT e tirelessly met engineering emergency after engineering emergency during 
h the trying days from July, 1918 to March, 1919. His contribution tothe 
winning of the War was valuable beyond measure.” ** 


He finally left France on March | 9, 1919, and was honorably discharged from 
service the day after reachin: g the United States, resuming at once his 
duties with Guggenheim Seren to complete the projects already outlined. ee 
; 5 ed In J anuary, 1 1924, Colonel Williamson ha had finished the work he had agreed 
i, to undertake for the Guggenheim interests, ‘and his contract with this firm 
terminated. or tl the next five years: he engaged in private practice, forming 
consulting engineering ‘partnership with his son, Lee Hoomes Williamson, 
_ M. Am. Soe. CO. E., with offices in Birmingham, Ala., and Charlottesville, Va. D 
a reorganizing and finally liquidating a co contracting company for a bank — “a - 
in ‘the former. city, his activities followed mainly water-supply design, -valua- a 
tions, and appearance as expert trial witness, with occasional retainers in 


other fields. Important 1 among these assignments were reconstruction of the 


and Va; “valuation of the Roanoke, Va., water company 
"plant work for the town of Appalachia, Va.; of Camp Lee, 
and testimony in connection with the trial of the contractor who 
its design of filtration plant for Fredericksburg, ‘Va.; and design and ‘super- 
vision of a sewage disposal plant for ‘Blacksburg, Va. In addition to — 24 
he also found time to assist ‘General Goethals, in the latter’s last under- 
taking, as on the Lake Worth Inlet project at Palm 
| Beach, Fla. He designed the transit sheds, the rail | connections, the water a 3 
sewage disposal for this | harbor "development. “When General 
- Goethals’ illness prevented his presence i in F lorida, Colonel Williamson proved a ag 
devotion by representing him on the job and the work u upon ‘the 
Genera’ death in 1928. The last piece of private work engaged in by either ¥ B. 4 
these long-time friends found them associated. yard fe 
1929, President Herbert Hoover, Hon. M. Am. Soc. 0. E., called Colonel 
Williamson again to an important government service, this time as one of the hehe 
“From a letter by General Daley to the writer. Laer = wae 
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ON WILLIAMSON 


_ three ‘eivili an membe ers of the Canal Board, appointed to invest 


as the practicability and cost of providing a additional locks and facili- 
ties at Panama. ie He wa was _ actively engaged o on this work from June 12 until 
Board submitted its report on November 30, making one inspectior 
_ trip to Nicaragua and Panama | and s spending the belie al the time in the 
72 Washington office of the Board. Of all the valuable work accomplished by 
this Board, Colonel Williamson’s individual contributions comprised a study 
under the title, ” Probable Future Traffic through the Panama and Nicaragua 
: _ Canals,”"* and a practical plan : for converting the Panama Canal into a sea- 
level route without interruption of traffic ;*7 yet his | broad general 


. a from the office in Washington to the field organization conducting the surveys 


Due to his experience on the Panama Canal, Colonel Williamson was 
aga a logical choice for appointment to the Interoceanic Canal Board. He 
eis brought to the work of that Board a knowledge of canal construction pos- __ 
- oa sessed at that time by no other engineer in the United States. He was _ 
ee the only | civilian member of the Board who was employed continuously on 
~ ah its work. | ‘The meritorious nature of his service is indicated by the fact c 
ney, ‘that, upon completion of the Nicaragua Canal Survey, he was retained as m 


a consultant (Principal pe in n the Office of the Chief of 
% 


‘a _ For the remainder of his professional career, Colonel Williamson nia 


in the rating of head engineer, and as such was a member of the Board of 


ar Engineers for Rivers and Harbors, devoting a large part of his time to river, ss 
harbor, and flood- control work i in general, and to the Mississippi River flood- cn 


control | problem in particular. The remainder of his time 1 was spent in con-— 


nection with the government’s. case in litigation regarding r railroad, highway, 

Tur _ and utility crossings over the Bonnet Carré Floodway. This involved pre 
paring a mass: of detail on design an and cost analyses of such crossings to yenable 
‘hie to testify at the court sessions ns held i in New Orleans, La. His testimony - 


— of great value in reaching equitable settlement of ‘these cases. Stuns Ae 


eae In 1935 Colonel Williamson’s health began to fail, and on » April 30 he was mse 
retired under provision of the Civil Service Retirement Act. Of the more - 4 


j than fifty-one years of his professional ‘career, nearly twenty- seven of them had tee 


been devoted to the service of his government. He returned to Lexington, 
a re-established the family home there, and passed th the remainder of his = |] 


days quietly in the. picturesque town of his birth. A pr progressive e heart ail- em 


Rept. of U. 8. | Canal Board, Doc. No. , 139, 72a ‘Cong., Ist 


, Rept. of Governor of the Panama Canal, Part III. 


Ernest Graves, U. S. Army (Retired), Chairman of Interoceanic Canal Board, 
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MEMOIR OF SYDNEY BACON 
ment forbade further activity, although he enjoyed and visits and 
= from old friends. Toward the end of 1938 his condition became alarm- Pie a 
an He is survived by wife, » former Helen C. a e of St. Paul 
- Minn., to whom he was married on May 20, 1890; their two children, Lee 1 
Hoomes, and Julia Lewis Williamson (Mrs. Ji ulian Smith), and six grand-— 
Colonel Williamson was an Episcopalian. Besides the American Society . 
Civil Engineers, he also held ‘membership in the American Society for 
‘Testing Materials, the Cosmos Club, and the Army and Navy Club, the latter ve 
The Virginia Military Institute signalized his passing by a general order? 
summarizing and eulogizing his career. The Board of Visitors also passed a 
gesolution ‘of condolence. In keeping with his characteristic wish for sim- 
plicity and avoidance of display of any kind, the funeral was simple and non- 
military, but, until her distinguished son was buried i in Lexington Cemetery 
4 f E, on the afternoon of January 14, before a throng gathered in silent tribute, bane ; 
alma mater kept flags at half-mast. ? 
As an engineer, the outstanding characteristic of Colonel ‘Williamson v was i 
breadth of gage. Qualities frequently noted separately in many of his pro- 
_ fession were found in him ina combination that occurs but rarely. ‘He pos- 
a sessed marked ability and originality in design, without losing sight of eae bi 


cal considerations and economy in the field Wherein so many pure theorists i 4 


stumble. was ‘the ideal construction manager, with principles ‘theory 


4 so well grounded that he never relied, as many so-called construction men i. 
a _ on mere ule- of- thumb methods with which to meet the unexpected problem or _ 
‘field emergency. On all of his peace- -time assignments the speed and ecomomy 
of performance attained were outstanding; yet, in a military situation, where — 4a ta 
action and speed must rule economic considerations, his versatility could 
adapt | his course instantly to the | special demands. He was a born ‘manager 
q of men, ‘getting along with them just as well as they worked for him, and it = ; 
mattered not whether military y discipline was at his elbow. On the civil 1 work ; a, al : 
he headed, a discipline w was there. just the sa same, although the men were never as — 
made aware of it. There existed the spirit by which men worked for the job é 
s - and for him at the same time, whether he was moving from board to board in cas 
i the drafting room or calming a group of laborers working at the bottom of a — a 
Py test pit and afraid of a cave-in. 1. His a attitude toward superiors was just as as om e 
itude 
successful. The younger, ex-line officer generals in France, who would so 
often send for him to demand, in their innocent | ignorance, the “ engineering oe 
miraculous” to complete something tomorrow, would end the interview with 
a laugh at Colonel Williamson’ 8 exposition of the “ engineering and 


a 

% 
on 
ig 
Gen. ary Inst., January 18,1989. “wd 


with, or under him, an him, reached the same ap 
 praisal of his well- rounded ability. aboot) 
ma He was about 5 ft 10 in. tall, medium complexion, slender but wiry build 
_ with erect military carriage, and always neat in dress and appear. 
El nel Williamson possessed a keen wit and sense of humor impossible to deceeilid. 
_ and always had command of anecdote to illustrate a point, whether while —. 
-— specting his work or sitting as a member of some board. His : face was as said 
ok. . resemble greatly that of his father, and, due to the rigorous outdoor life of __ 
~~ ost of his career, it early became deeply lined and furrowed, giving a very : ol 
‘serious, even severe, expression—until he smiled. o of the stories that he 
_ to tell on himself is of a youngster in Newport, who, seeing him free 
_ quently pass by deep in though 
the office, | one day mustered up enough | courage to run in out, grab him by the A 
hand, look up, and ask, “Mister, what yer cryin’ fer?” 


loagt 
Although he was essentially a man devoted to family | and friends and 
shunned for its own sake, he was the best kind of ¢ company. in 
tolerance. ‘About the only qualities to irritate him were conceit and 
importance, ve, and then he could register a choice sarcasm. Ay young captain, 
earmarked by these traits, who had served under him briefly in France, was az Pas 
ordered for service in Paris | with the War Damages Board after the Armistice, — 
and told Colonel Williamson on his parting * visit that he (the Captain) knew 
was badly wanted, “because they were in a fix for good men. Yes,” 
_ said the ¢ Colonel, ooking over the top of his glasses, ‘and they're re ‘going | to a 


be ina whole lot worse fix, judging by. some of the men ‘they’ re sending up 


F mar The Distinguished Service Medal for his work at t the Giévres Depot during 2 
ay) the World War was one of the material honors accorded him, but the ‘most 

4 aa signal one was the designation by the governor of the Panama Canal of his” ; = 

4 _ likeness to a appear « on the 30-cent postage stamp of the permanent issue of the 

2 Canal Zone (designated for release on April 15, 1940—Colonel Williamson’s 

he. birthday). It is especially noteworthy in Colonel Williamson’s 8 obit for this 

a honor has otherwise been reserved solely for certain « of those who held the rank + 

of commissioner during the construction period of the Canal. 

No monuments can be greater than the structures he left behind him or 

the affection in the hearts of those who worked for and with him. | Upon his 

_ death he was mourned by all these people, wherever found. From ‘Panama, 

the scene of his greatest achievement, came the word: “ There are many men 

- still here who remember his kindly spirit and the tremendously hard work «es 

oh - performed * * *. Of memorials there can be no lack so long as this mag- 

oe x nificent work, to the construction of which h he > contributed in so distinguished — 

Colonel Williamson was elected an Associate Member of the American 
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of Ci Engineers on Jat anuary 3, 1004, a Member on December 
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NEWTON WILLSON, M 


‘University, at Princeton, N. J., was the son of Thomas Newton Wi'lson and 
_ Mary Caroline (Evarts) Willson. He was a direct descendant of Vol. J ohn 
Willson, of the Virginia House of Burgesses, and of Tirzah Humphreys, oe 
niece of Samuel F indley, fifth president of Princeton University. 
a Professor Willson was born in Brooklyn, N. Y., on December 23, 1855. = 

: In 1872 he wes graduated from Troy Academy in Troy, N. Y., of which his Ly 

father was, the principal. Immediately after graduation» he served for one Ms 

year ‘as assistant bookkeeper in the Troy City N ational Bank, entering 

Polytechnic Institute, at Troy, as a freshman in 1873. After the 


school year 1874-1875, during ‘the illness of his father. He then returned to 
reais and was graduated in 1879 with a degree of Civil Engineer. = 
Be He took a ee: course in psychology and ll — his 


correspondent, of Drexel, Morgan and Company of New York, N. Y. “Early 
in the winter of 1880 he was called to the College of New J ersey (Princeton) — a ‘a i 
by President James McCosh to organize courses in graphics as part of the 7 


O. Green School of Science. to bite 


In 1883 he was. made professor of descriptive geometry, s stereotomy, 7, and 
technical: drawing, a post: created for him in the John C. Green School of 


tt 


“Science. In 1896 Princeton University conferred upon him the honorary 


eS "degree of Master of Arts, and in 1905 his title was changed to professor of ee . F 


= lished in the Princeton Engineering School, « and Professor Willson v was a 
upon to take the chairmanship and organize the department. 


~~ He served das professor of graphics and chairman of the « department until — q 
= he ‘retired from active service in Ju une, 1923, completing nearly forty- three = ‘ 
years of university teaching. The courses that he taught included descrip: 
: 


te. 


tive geometry, stereotomy, technical drawing, kinematics, a2 and machine design. ae 

if As a scholar in the field of graphical science, he was recognized as an a 


lewis 


3 eminent authority. ? He developed a collection of models which represented 


3 
- the surfaces with which his teaching was concerned that became a valued 
possession of the Princeton Engineering School. _ His well-known treatise on 


graphics, descriptive "geometry, and drawing, first published in 
1897 and entitled “ Theoretical and Practical Graphics,” was given immediate 
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= MOIR OF FREDERICK NEWTON WILLSON 


= his enthusiasm to utilize bis writings he published excerpts 
book while he was still in the process of completing it. These excerpts, toe 
= ia a gether with the book itself, constituted a series of eight t texts on various — 
UE 1. Note-Taking, Dimensioning, and Lettering. 


The Third Angle Method of Making Working D Drawings. 
big, Some Mathematical Curves and Their Graphical Construction. a 
4, Practical Engineering Drawing and Third Angle Projection. 
6. Descriptive Geometry—P ure and . Applied, with a chapter on “ Higher 
‘He later published “ Paraphrased 1983, and “ Graphics and 


Professor Willson | was to Miss Hewes in May, 1884, 


one son, Albert N. Willson; and eight J ohn, Donald, 
Paul, and Fred Willson, ,and Francis, Fred, and Edith Pellegrin. 
oe Professor Willson was an active member « of many professional societies a 


_ and made a particular point of attending every meeting possible. He was a ere 


fellow” of the American | Association for the Advancement of | Science, and *e2 


“member of the American Society of Mechanical Engineers, ‘the American ee t] 

Mathematical Society, Phi ] Beta and Sigma Xi (Rens- C 

remarkable memory for names and faces endeared him to his fi 
fessional ¢ associates and to his students. He could give on sight the name and D 

ee of a former student he had not seen for twenty years or more. He ) was ‘ h 

keenly interested in the development and career of all of them. Earl Anderson 2 4 

of the cage” _masts which _ were used for x many years to 

‘gapport the fire- -control tops of United States w warships, was one of Professor t 
‘Willson’s students and his design for the mast had its inspiration in one of 
the models that Professor Willson had us used i in class. This occurrence ‘pleased 
and gratified Professor Willson almost more than some ‘of his own -achieve- ] 

Professor ‘Willson was knows for his inexhaustible ‘interest in in ‘his subject 
and in his profession as an an‘ engineer. He holds the ‘unique record of having 
4 crossed the Brooklyn Bridge catwalk in 1878, and the 


he 
hil 
Bix 
bu 
ar 
: 
Russell Albertson. The second Mrs. Willson died in February, 1929. $= | 
_ His survivors include three daughters, M. Louise Willson, Elizabeth Will- a 
a 
a _ _He had a deep and lasting interest in his religion and served as Elder in 
the First Presbyterian Church of Princeton for fifty-three years, 1886-1939. 


He was was characterized by: his: youthfal enthusiasm, by the energy 
he displayed up to the very end of his life, by the ne scholarly approach he ex- a 


hibited toward any ‘problem, and by the comprehensive g1 grasp of his subject; 
,? but , despite the contributions he made to the graphical sciences and to © 
of teaching, he will be not for his nor for his 


E at Professor Willson was elected a Junior of the American Society of a ee 


Engineers on September 5, 1883; an on October 4, 1008; 


jus FRANK M. Am. Soc. Cc. 

4 

Frank Edward Winsor died at the very height of a distinguished i De 

ass an engineer and public ‘servant. He will be remembered not more for his — pre a 

- professional achievements than for his important public services, his v wide a 

_ sympathetic interests, his friendly spirit of cooperation, and the high integrity — 

his character. success which he yar in his chosen profession may 


‘ 


Ww insor, a mechanical engineer. His wi “was as Lucy ‘Jar ane Deeper, 
5: tee, Alpha Angell Draper, was highway commissioner for fifteen years in 
: town of Lincoln, R. I. His great-great-grandfather, Israel Angell, was a — . 
Colonel i in the Revolutionary War and a descendant in the fifth generation of | a 
4 homas Angell, who came to Providence, R. I., with Roger Williams. 
Mr. Winsor was born on November 16, 1870, in Johnston, RoE; later a 
a part of Prov idence. He attended Brown University, i in that city, from which oe 
he was graduated in 1891 with the degree of Bachelor of Philosophy., subse- a 
quently» receiving the degrees of Civil Engineer in in 1892, Master of Arts in | ‘Sa 
Be 1896, and the honorary degree of Doctor of Science in 1929 from that ie 
- tution. He was the eldest of four brothers, the surviving three being George a 
Am. Soe. ©. E., William H., and Harry D., Assoc. M. Am. Soc. 0. E. 
Except for atinciinniived work in surveying parties, prior to graduation, 7 
Me Wi insor began his engineering career in August, 1891, with the Metro- ey 
-politan “Sewerage Commission of Massachusetts, successively ‘as transitman 
4 and assistant engineer, mainly on preliminary surveys covering a considerable = —— 
_ part of the Northern 1 Metropolitan System, and on the construction of ‘ Ke tg 
Shirley Gut Siphon and the Deer Island Pumping Station. no 
From February to September, 1895, he was employed the late Samuel 
M. Gray,? M. Am. Soc. C. E., a consulting engineer of Providence, first in 


1Memoir prepared by a committee consisting of Karl M. Am. Soc. C. B., 
Chairman, Ww ‘illiam Ww. M. Am. Soc. C. E., and Harry D Winsor, Assoc. M. 


see Transactions, Am. Soe. LXXXV (1922), p . 1679, 
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later as engineer in constructing a system 
for Natick, Mass. , which cost, completed, about $200,000. 
_ with Mr. Gray was to “bear fruit” later. However, he did not finish the 
j sewer job, but left in October to join the ‘staff of the ' Metropolitan Water Board — 
pst 4 of Massachusetts. For about five years he worked as an assistant in the 2 
Wachusett Dam and Reservoir and the Wachusett Aqueduct Departments, 
Then he was: promoted to assistant engineer in charge of the Weston Aqueduct 
Department office in Saxonville —(Mass.) for two and one- half years, and 
me division engineer in charge of the construction of Division No. 2 of the £ ‘f 
a fe OW eston Aqueduct i in Framingham and ‘Wayland, Mass. . This included about i 
24 miles of masonry aqueduct and about one mile of 90- in. stecl- “Pipe siphon 
Happy Hollow, and cost about $500,000. 
. Fan ebruary, 1903, he took a position with the Commission 0 on Additional i 
- Water Supply for New York Citv. He was principal assistant engineer in = 
charge of field investigations in the Aqueduct Department. His: work 
‘e ered more than 100 miles of aqueduct line and about 30,000 acres of reservoir ie 
a sites. He remained with this Commission less than a year, and in November a 
was called back to Massachusetts by the Charles River Basin Commission, } 
aa “successively a: as division engineer in charge o of the design of dam, locks, flood- * 
ms control , and as principal assistant hin 


zy ‘New York Board of Water Supply called him back, , first as senior division 
engineer for nearly four years and then for five anal ¢ omer -half years as depart- 


duded construction of about 81 miles of the Catskill and the 
game and Hill View reservoirs. The aqueduct includes about 13 miles of 
ae tunnel varying in size from 14- ft circular pressure tunnel to 17 ft 6 in. b 
tun im. by 
4 a 13 ft 4 in. horeshoe section grade tunnel, and shafts up to a maximum ven 
Bo . of about 560 ft. The cut and cover sections of the aqueduct were generally ig 
horseshoe section equivalent to 17 ft in diameter. The Kensico’ Reservoir 
Pes 2. with a capacity of about 33 billion gallons required a masonry dam about E* 
ha 300 ft high with nearly one million cubic yards of masonry (at the time one 
—_— the largest masonry dams. in the world), an earth dam, and other. appur- be 
— tenances. - The Hill View equalizing reservoir at the New York city line has 
a capacity of nearly one billion gallons. Expenditures for the the department 
i oy were about $35,000,000 which included about $26,500,000 for construction. — 
ip Mr. Winsor never lost touch with the work of the New York Board of Wate 
. ey Supply, and for several y years before his death he acted as one of its consulting ~ 
In August, 1915, the newly organized Water Supply Board of the e City 
Providence had just accepted a report from Mr. Winsor’s former employer, 
a #6 G Samuel M. Gray, recommending a new water supply, and it called Mr. Winsor 3 
to ‘Prov ‘idence as its chief engineer. The work included the construction of 
a4 storage reservoir with a capacity of 37 billion gallons which required an 
2 earth dam \ with a maximum height of 100 ft above the ground and 180 ft 
above the rock; also 263 miles of substitute and the 
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| 
4 of the new new niin: i It also included about 14 miles of a 
e lines, a small tunnel about 34 miles long, a- purification plant of 50 —. 
capacity of the rapid filter type, and two covered distributing The 
new supply involved an expenditure of about $21,000,000. 
_ As the work in Providence was nearing completion, the Metropolitan Dis-— 
e trict Water Supply Commission, which had just been named by the Governor 
of Massachusetts to construct major additions to the water supply sources of 
4s the Metropolitan Water District, was looking for a chief engineer. Mr. — 
2 Winsor’ 's br broad experience in this field of work and 1 familiarity with the local . 
‘conditions ‘made him the logical candidate. si He began the work in October, pe! 
1926. It consists of an extension westerly to the Ware and Swift rivers from ay ha 
: Wachusett Reservoir which he, as a young man, had helped to build. The new 4 


+ Quabbin Reservoir i in the Swift River valley will have a capacity of 415 billion — 
gallons, will flood an area of about 39 sq miles, will be 18 miles long, and will 
have a maximum depth of 150 ft with a shore line of more than 175 miles. Ef ae 
The area is so great that it has necessitated relocating the boundaries of six oars _ 
towns and three counties, and wiping four towns out of corporate existence. 4 4 


It also required 36 miles of relocated state highways to replace existing high- 


> “ways in the reservoir area. The ag stp of the activities in which Mr. Winsor 


cemetery was in 7,500 bodies buried in the a area affected 
by the reservoir required reinterment. About 80,000 acres of land were ac- 
quired for sanitary protection and construction purposes in the reservoir area. 

} Pie The gravity connection to Wachusett Reservoir is by a 24.6-mile ne 
% Teg was practically completed in 1934. This tunnel passes directly beneath a, 
te ‘Ware River Intake Works, completed in 1931, by means of which flood — 
flows from the Ware River are dropped into the tunnel and can an be diverted — 
in either direction—easterly to Wachusett Reservoir or westerly to Quabbin 


‘Reservoir. 
a 


. Sane it in 1937. . The larger main dam i is 2,640 ft long, 170 ‘tt b high. above 
the bed of Swift River, and 295 ft above sound ledge, and will contain about a 

ke + million cubic yards above the original surface. — _ This dam was nearly com- 
Pleted at the time of Mr. Winsor’s death, and the Water Supply Commission 
very fittingly named it “ Winsor Dam” in his memory. Each of these dams 

constructed by the he hydraulic-fi fll method, above | a conerete wall 


number of articles i in Society publications have weslous expects 
q of this work. These include a group of four papers, one by Mr. Winsor, in pe 
the December, 1929, a symposium on Surface and Subsurface 


| foreword; of the ‘project which he wrote for the June, 


1934, Civil Engineering; a paper on the Ware River Intake Works by Karl E 
_ BR. Kennison, M. Am. Soc. ©. E. (who succeeded Mr. . Winsor as chief engi- 


a “neer) in the Angust, 1934, Civil Engineering; a paper on the Quabbin Dike 
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MEMOIR OF EDWARD WINSOR 


Soe. E E., in the 1938 Transactio 
on ‘surveys for the ‘Swift River Reservoir by N. LeRoy Hammond, M 
Am. Soe. ©. E., in the February, 1931, Proceedings. =~ ant 
Mr. Winsor’s work the Water Supply Commission ‘involved much 


bury | system ‘the District as an ‘emergency supply by ‘constructing pen 
of pipe lines connecting the purer 1 upland sources with the Northern 7 
system. The Ware- Swift construction had hardly begun, with contracts for — 


7 
oy shaft sinking, before the State of Connecticut in Jan anuary, 1928, filed a bill in > 
a - equity in the United States Supreme Judicial Court against the Common- _ 
wealth of Massachusetts objecting to the diversions from the Ware and Swift Be 
3 rivers. _ Mr. Winsor’s energies were thereafter largely devoted to the collection e 
and presentation of data for this important suit. - The decree of the court, 
‘rendered three years: later, dismissed Connecticut’s bill of complaint od 
upheld Massachusetts’ right to make the diversions. The ‘successful outcome 
ot this important case was due in no small measure to Mr. ‘Winsor’s marshal- - 
About two and one-half years before his death, Mr. Winsor was asked 
- investigate methods to meant the distribution of water from the sources a2 
and more adequately to prevent 
pollution due to the fact ‘all the from Quabbin and Wachusett 


reservoirs must pass through the Sudbury system and the grade line 
As a result of his thorough investigations, the legislature gave the 


Za 
etd 


4 


aa ‘Ooniinission the additional task of constructing a pressure aqueduct to by-pass | 


the Sudbury system and deliver the water di directly "from Wachusett | Reservoir 
to the District, at a a sufficiently increased "pressure to eliminate much of the 


- ‘Due i in no small ‘art to the efficient organization and conduct of the work 

—: the Ware- Swift. extension, Mr. Winsor had reported an estimated sav saving» 

of approximately $12,000,000 on the original appropriation of $65,000,000 

which was | made for * the ° Ware-Swift extension, and in n August, 1938, following 

Mr. Winsor’s ‘pressure aqueduct report, the Commission was allowed to spend 
i _ this sum, supplemented by a federal grant, to take the necessary first steps in a 
om the aqueduct construction. _ Mr. Winsor proceeded to organize the work, and q 


contracts” totaling about $9,000,000 had been ¢ awarded, and some of them well — 


sanderway; at the'timeof his'desth a 


The District owes a great deal to him for the efficient planning 
and conduct of the work. His contacts with his engineering associates, con-— 
= tractors, and publie officials were marked by tactful understanding and fair 4 


ealing, which w won for him a host of friends. & Indicative of the high regard ~ 


chief engineer of the Metropolitan District ‘Water Supply C was 
; received, is the complimentary dinner given to ‘him by the entire Affiliated 
‘Technical Societies of Boston in J anuary, 1927. 
sie In all the traits: that make for a successful engineer and a _ worth- while 
ey ‘Frank Winsor was outstanding. _ His mind could grasp the en 
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: a He could deal equally | well with a lowly subordinate, an important contractor, 7 
an official commissioner. presence confidence, which grew 
mA He worked hard, perhaps too hard. Long hours were no novelty to 2 
_ when he became engrossed in a endidee But he knew equally well how to 
play and when the occasion § suited, he would enter into any hilarity that was 
afoot with the zest of a boy. The twinkle of his « eye and the contagious 
— were characteristic. — Thus he was a popular figure at Society gath- 
erings, alumni meetings, or dinners of engineers. He was most punctilious in 
eeping such engagements, as well as with his more serious s duties, 
_ _ In his home life, be it in the city or at the shore, he was at his best. He oy 
and Mrs. Winsor loved ‘company and were marvelous hosts. social events” 


_ they sponsored for members and families of his engineering organization were 


- ‘Not a an orator, he was an easy speaker in public. | He impressed particu 
larly with his marshalling of facts, his logic, and his great memory for details. af 


Around the table ‘this quality was especially effective. fits 


as his means, in | serving engineering, e educational, and charitable oe Mes ; 

4 Speaking only of hi Society activities and ‘mentioning but a few of his — ‘ae 

services, his appointments included the Executive of the 
z of Direction (two years), Committee on Honorary Membership (two years), 


@ on National Hydraulic Laboratory, on Federal Reorganization, on Hydraulic ia ~ 
. Fellowships, on J. Waldo Smith Fund, Society representative on Engineers’ a 
z= Council for Professional Development, Trustee of United Engineering Society. or? 
ollowing Mr. Winsor’s death, the Metropolitan District Water Supply 
q Commission inscribed on its records a memorial which recited his professional — 


The forty- -seven years of service given to the public ic by ‘Mr. Winsor and 


% = the extensive works constructed under his supervision are a lasting memo- 
cae rial to his vision and industry. To his friends and associates his unlimited Lx 


25, “1893, They had three children: B. 
-Killough), associate professor of economics at Wellesley College, Wd, 

Mass. s.; Edward, a practising lawyer in Providence; and Catharine (Mrs. 

Hazen H. Ayer) of Winchester, Mass. drow 


_ Mr. Winsor was a member of the American Water Works Association, “] 
president of the Providence Engineering Society i in 1922-1923, president of the Be 
_ New England Water Works Association in 1927 and an honorary member at _ : 
_ the time of his death, and president of the Boston Society of Civil Engineers oe 


in 1929. att. serv ved a term : as | a director of the Municipal Engineers of 
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‘ fraternity, Sigma Xi, and the Boston City Club. He w was “president: of the 
‘Brown Club of Boston in 1931, a Trustee of Brown epnesioe _ an hon- 


. Winsor was elected an Associate Member of « 
Me Civil Engineers on November 4, 1903, and a Member on December 5, 1905. 


served : as a the in and Vice- ‘President in 


NICHOLSON WRIGHT, Mz. Am. 
a Diep SEPTEMBER 6, 4939 bi 


& 


M. Am. Soe. CO. E. (Nicholson) Wright, was born at 
~ Street and Fort Street (later Broadway), Los Angeles, Calif., on November 
1876, his family having moved to Los Angeles from Cobden, the previ- 
? a In July, 1875, his father established an engineering office on n the site of 4 
a ; _ the present Los Angeles post office and became one of the leaders in the de- 
od a velopment of Los Angeles and vicinity. He was elected county surveyor in 
a 1880, : and afterward was elected twice more to the ‘same office, the last term 
being 1895-1898, during which period he developed the first ‘complete 1 map 
Tos Angeles County. During their spare time and vacations, Charles Wright — 
and his brother, G. A. ‘Wright, ‘were tutored by their father in 
_ practices, so that it was natural for them to follow in their father’s footings 
After graduating from | primary and high schools’ 4 in Los Charl 
Wright went to the University of California, at Berkeley, and graduated in in 
with the degree of Bachelor of Science in Mining Engineering. For 
oe next five years he was ‘employed by the Arizona Copper | Company and the x 
Lower California in the development of their mines 


the of the hes Angeles F J anuary, 1910, to Av 
te 1911, and from October, 1913, to November, 1917, he was engaged in 
a * county h highway work i in Los Angeles, , Riverside, and Ventura cc counties. it! This 
ah position included design ‘and construction work of the various highway sys- 
tems. From September, 1911, to September, 1918, he was engaged i in the 


of lead-silver property in Inyo County, California. the 
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4 a was engaged in mining work and the construction of the Las Vegas and | 
Memoir prepared by Charles R. Sumner, M. Am. Soc. C. E 
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somewhat retiring by nature, he was most friendly and helpful to his fellow 


Pag! In the summer ae 1929. Mr. Wright joined his auetiees who, since the death 
of their father in March, 1917, had been continuing the business under the 
name of The Wright Engineering Company. On the death of his brother, 
Charles: Wright took full | charge of The Wright Engineering Company and aed 
continued the business until his death. Mr. Wright was also city engineer 
- for the City of San Gabriel, Calif., from May, 1923, until. his death, = 4 
for the period from May, 1935, to May, 1938. tibhe ol gh ob 
: _ Mr. Wright was married to Mary Jane Allen of San Francisco on June 2, i fe 
a 1922, and soon after their marriage they : moved to their home i in San Gabriel. xan 
= His widow survives him. 
My. Wright was very accurate and precise in his work, and was an excep- 
__ tionally good designer and draftsman. He had an even disposition, but was a 
— of criticism if he thought he was being misjudged. Although — we 


_ men. _ His friends will miss his bubbling laugh and friendly smile, which 


pears 


7 


Public Works Service, and he 


ngapore, Settlements. 


lements, 


= both in England. — At the University he received the degree of Bachelor r of 
2 Science, cum laude, in 1922, and later was elected an Associate Member of the 
Institution of Civil Engineers and also of the Institution of Municipal 


by From J anuary to “May, 1924, he was lecturer at the Southend Evening 
a Technical School. In J une, 1924, he was appointed junior assistant in the 

> 


County Borough Engineer’s Offices Corporation of Bonthend-on: Sea, Eng- 


192 6, he w was appointed assistant i in the Borou gh Engineer’s Office i in Crewe, 
England, and worked on surveys, etc. to 
a In September, 1926, he was appointed an assistant engineer in the Malayan : 
remained in the Public Works ‘Department 
(PWD) ‘until he died at the age of thirty-six, 
As assistant engineer, he was stationed i in many different parts of Malaya, 
‘He was engaged in the sanitation branch in Singapore, on a water supply + 
3 project in the Provines of Wellesley, and on the construction of an —— 


in the State of Perak. hh addition to these posts he acted as assistant en- 


gineer in PWD “districts : in the States of J ohore, Perak, and Pahang. z 
 4Memoir by A. Wear, Personal Asst. st. to Di Director of 


endeared him to every one with whom he came in contact. 
per . Wright was elected a Member of the American Society of Civil Engi- 

neers on June 9,1980. = | it ial 


MORTON BILLING, Assoc. M. Am. Soc. C. E. 

John Morton Billing was born on 1, 1903, in Blackpool, England. 
f He was educated at Bentham Grammar School and at London University, ne. 
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OF JOSEPH 


after 

ao in “charge of Kuala Lipis « district, Pahang, was transferred in = to 

3 

§ egamat i in Johore, where he remained in charge until his death. 

i _ The work of an engineer in charge of a PWD district does not lend itself 
easily to brief description of specific works. Road maintenance, the co con- 


ein of new roads, and the erection of public buildings roma part of his 


mag Association of Malaya, a society devoted to the more general dined 7 
of engineering. In the Proceedings of both of these bodies, many original Ae 
_ papers by Mr. Billing have been published, including ‘ ‘ Progressive Develop- Eas 
‘ment of Roads ” and “ An Approach to the Problem of Improvement of Roads.” e 
Mr. Billing did not confine his interests to the practice and theory of engineer: . 
ing, but was keenly interested in science generally. 4 He devoted a ‘considerable 
Portion of his spare time to the study of astronomy. 

Mr. Billing was elected an of ‘the American Society of 


Engineers August 15, 1932. 


_-Jos EPH PATRICK BURNS, Assoc. M. Am. Soc. C. E.! 


Joseph Patrick Burns, well-known civil e engineer of Burns 
_ Brothers : and Haley, Inc., General Contractors, and only surviving member 3 
of the Burns Engineering Company, Consulting Engineers, died at his home 
at Watertown, N. Y., on July 4, 1939, after a long illness. 
_ ‘Mr. Burns was born at Watertown on March 20, 1875, a son of Patrick and 3 
Mary (Kinny) Burns. He was the last surviving member of a family of ™ 
fourteen children. His father, Patrick Burns, ¢ came to Watertown in ber 4s 
from County Sligo i in Ireland, and became prominent contractor, 
 e Mr. Burns received his education in the Public and Parochial Schools of ; 
‘Watertown and was a member of the Class of 1893 but did not graduate on 
account of illness. He finished his 8 preparatory school work at the Stiles — 


Preparatory | School of Ithaca, N. Y., , and w was graduated in 1894. po oe a 


Fora time he was engaged in construction work and from May, 1894, to 2 Bi 


‘Griffen, Ardhitect of Watertown. From that time until he entered Come 
= aa ‘University at Ithaca he served as a member of the New York City Mounted _ 
- Police, under the late President Theodore Roosevelt, then New York City = 


= Apart from his normal duties, Mr. - Billing was an active supporter of the 3 ‘ | 
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In 1898 | he Cornell. up Chemical: 
a one year. Later he transferred to the University of Wisconsin, at Madi- ae Rae 
gon, Wis., graduating in 1904 with the degree of Bachelor of Science in Civil © ag 
Engineering. After graduation he took special work in German and other 
| During the summer of 1901 he worked as Structural Draftsman ae 
§ = York City. From June, 1902, to January, 
with the Louisville and Nashville Railroad In the Summer of 
1908 he ‘was engaged in surveying and m: making property for Dane 
a May, 1904, to “March, 1905, Mr. Burns was bridge draftsman « on 
drawings and computations for canal-lock machinery and bridges in the 3 
; - Department of the New York State Engineer ; from March to December, 1905, 
he was civil engineer and superintendent of construction with the Chet 
States Army, Department of Texas at San Antonio, : 
responsible charge of designing, estimating, and supervising construction : 
of sewer and water-works systems, buildings, ete. Rs From December, 1905, to 
J uly, 1906, he was with the Department of the — New York res Engineer, oe 
_ serving as bridge draftsman until February, 1 nt Engineer — 
making drawings and computations for locks, dams, ete., in 
connection with the Barge Canal construction. 
a Mr. Burns was a member of the firm of 
from July, 1906, to November, 1907, constructing New York State roads and Ca 
investigating and making designs for the improvement of water power along 
the Black River in New York. = To 
In November he returned to Albany, N. Y., to accept a position 
sistant Engineer on the Barge Canal, and when the Highway Department was gh’ 
- rented, he was transferred to that department and assigned to the Watertown a 


vee 


a In ‘April, 1911, he was appointed Deputy D Division Bughner: under Guy Ca 


of 


— then Division Engineer i in or ‘Watertown office, and was in charge of 


the northern part of Jefferson Dieie.. He later left the Highway Department , 
to devote his attention to the contracting and engineering business controlled 4 
by the Burns Brothers. This firm attained a wide reputation, having con-- 
numerous power plants, dams, paper mills, and other industrial 
and churches and schools throughout northern New York, as well 
* ane One of the most ardent advocates of the St. _ Lawrence Seaway and hydro- | 
electric: development, Mr. Burns had delivered n many addresses on the subject 
and had worked in conjunction with the late Delos M. Coagrove, Vice-Chair- — oe 
of the Power Authority of the State of New ‘York. pion 
ie Mr. Burns was a trustee of the Watertown Savings Bank; a member of = 
Holy Family Church; Watertown Council No. 259, and 4 
sembly, Fourth Degree, Knights of Columbus. . He was an | industrious 
hard working | man, but above all, kindly and lovable, true to his ee and 
oil 
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rr, of Madison, Wis., died on 
26, Mrs. Elizabeth M. (Charles W.): Bloat, survives, 


who, Robert Celestin. Burns, and Mary and 
Joseph Burns, twins, as well os Mes. Sloat, two grandchildren and several 
go Burns was elected an Member of the American Society 
Engineers on December i, ‘1008. ry rk 


Se Charles Page Comegys was born on | February 12, 1898, at Easton, Talbot 


County, Md, the son of Charles ‘Edward ‘and Minna Whitman (Pretzman) 
Comegys. . The Comegys. emigrated from ‘Holland to Maryland during the 
early days of this Republic. Page, : as he was known to all his friends, at 
“4 tended the public schools of Easton and Baltimore, Md., and was graduated 
the Baltimore Polytechnic Institute, at Baltimore, ind June, 1918, 
Z Just prior to his. senior year, Mr. Comegys spent one ‘summer— J une 


October, 1917—as inspector for the Maryland State Roads Commission and, 


upon completion of his school work, in June, 1918, he reported to Camp Meade 4 
(later Fort George G. Meade), Maryland, for service with the 304th Field 
Service Battalion, and embarked for France with his battalion in J ‘uly, 1918. 18, 
Bae tour of duty with the American Expeditionary Forces lasted one year. sani 

‘Returning: to his 1 native state and Roads Commission, 


In October, 1924, he resigned from the roads body to 

position as field and office engineer for Herbert G. ‘Campion, building con- 
3 tractor, of Philadelphia, Pa., on extensive residential and church andi 

; iy tion. Here he received training in the building field which was later to prov 


| 
the firm. The business was: then conducted u 


for wealthy Pittsburgh a; 
On September 18, 1931, Mr. Comegys w was married to Mabel ‘Helen Resley, 
f Hancock, Md., bere tae his mother and a sister, survives him. They had F 
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the 
ne of Charles ‘Page Comegys Company, Incorporated. pice ey 


“Miles River Yacht Olub, an 
i. was extremely fond of water sports and most of his week-ends would find him 


emile and warm handshake are. remembered by all who met ‘His 
was his friends’ home as well, and his hospitality will never be 
gotten. His passing is mourned by all who had any contacts with him i in 1 life. ae 
He was buried in the graveyard of Old St. Pav ul’s Episcopal Church, near 
& Chestertown, Kent County, Md., one of the « oldest houses of worshi i 
state, -antedating the Revolutionary War. 
Comegys was elected a Junior of the American Society of Civil 
* gineers on J January 14, 1924, and an Associate Member on February 10, 1930. wi 


sity. He his studies in grade echool i in the fourth grade, having 
received his preliminary training at home from his father. _ While in high = . 
Ss he was rewarded with ‘the position most highly desired by his fellow eS EB: 
students—the captaincy of the school cadet company. attainment of 
; honored post, awarded to him for his outstanding scholastic endeavors, his 


who knew him later that even in his youth he evinced those | attributes which tia? : 
i in his maturity brought him a large measure of ‘respect and devotion from all 2 
his associates. In 1914 Mr. Deck entered University, but 


rmy. 


Memoir by J. B. B. Havelin, Te. Am. Soe. ¢ 
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> on March 28, 

frederick Webster Deck was born in Washington, D. 0, 

1896, the son of William Meade Deck and Annie (Hendricks) eck. 

3810 migrated to West Virginia (then Virginia). ‘They made their — 

the vicinity of Harpers Ferry, a name which was to reverberate ou 4 
the nation two generations later. 
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OF FREDERICK WEBSTER 


_ Appointed as a Second Lieutenant of infantry i in the regular army inOc an 

eS ee 1917, he was under instruction at the army service schools, served with __ eae 
sas the 48th and 63d Infantry in various camps in the South, and served in aap wh 
suf 


ete France until December, 1919. He was transferred i in July, 1920, to the Corps OF ; 


Engineers, as a First Shortly afterward he Captain, 


<. 
tan 


Coblenz, ‘Germany, ‘until March, "1992. Tt was while in service at Coblen ak 
Captain Deck was thrown from a horse in a riding hall, seriously 
_juring his spine and necessitating his retirement from the army. - This = |. 
a catastrophic blow to him but borne | stoically were ‘the long of 


and his constant suffering. He was retired from active service 
the rank of Captain in the Corps « of Engineers in December, 1922. 


Tt was 1 at this point of his ¢ career r that Captain Deck showed his n mettle. 4 


¥ 


mare acute an already brilliant mind. In proportion as his bodily activity — 


by the wide range of subjects he 
and all phases of engineering. He picked up his collegiate studies where they 4 -_ 

been interrupted in 1917, and in 1924 received the degree of Bachelor 
fe: of Arts from George W: ashington University, to be followed in 1925 with the __ M 


degree of Bachelor of Science. in Civil Engineering from the University of 
Colorado, in Boulder, Colo. He supplemented these studies with miscel- 
courses taken in the University of California Extension School. 


cs 


| 


a 1 Later i n 1929, after ‘being : active in the engineering profession for some time, | “es in 

received a postgraduate degree of Civil Engineer from the University of pI 

Colorado. So keen his desire for study that in 1936 and 1937 he th 

tended evening classes in the Graduate School at the University of Pennsyl- 

ie vania, in Philadelphia, Pa., with the purpose of obtaining a Doctor’s degree 

in Mathematics. due to failing health, he was unable to com- 8i 

In August, 1925, having responded to numerous operations and various bl 

treatments for his injured spine, but compelled to wear a steel | brace, Captain 

Deck entered active professional work as a designing and supervising engi- b 

"meer in the Steel Tower Section of the Philadelphia Electric Company. His . Cla 


- duties in this position called for skill of a high order, not only in ability to va = 


plan and direct specialized engineering projects, but also i in the handling of 


a the design of structures for. joint: use. ‘He 2 ‘never r spared himsel?: ‘although 
physically handicapped, in n his determined effort to project tl 
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et a domitable will power and the determination of mind not to succumb to rede a 
ills. Perhaps, also, here was another instance of 8 y 
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anying him on many reconnaissance expeditions over exceedingly rough ool 
pain and under a scorching sun, to marvel at the spirit: of this unusual man 
_ who could continue at an exhausting pace, despite the pain he was sivioaas oF 
dh Captain Deck was wicoenilibet in a large measure for the ingenious designs” 
of the supporting structures and their foundations involved in the aoe 
ventures in unusual transmission line construction, known as the Reading 
Overbuild Lines. These are two 66-kv lines, following the east a) 
4 and west banks of the Schuylkill River, in Pennsylvania, and constructed on i 
steel towers built over tracks: of the Reading Railroad. . 


tions of the right of way prt adaptation of the structures to the ground, 

rather than the usual Practice « of standardization of structures, some six indi- 

vidual types of structures were required on each overbuild section. Captain ; 

Deck deserves a high place in the ranks | of successful _ engineers when one o< 

considers the 5 part he played in solving the « complexities ofa problem i in which 
the interests of two utilities had to be safeguarded by providing structures 
| of maximum safety « erected within the narrow confines of busy railroad dan i" 

of way. Attention should also be drawn to his skill in coordinating the mani- ee lal 
fold phases of the construction in involved, not only with nor normal, heavy railroad 
traffic but with the concurrent railroad company construction p project. Cap- 


> accept the standardized methods of attack—the engineering clichés, so common _ 
4 in the profession. — He was intrigued by the use of new angles" of attack om 


of mind had full Tt was a cardinal point with him 


problems of an nature, but he was fully in his element in eolving 

a eT. Those familiar wit h the specialized | engineering involved in electric-utility | _ 
operation will readily appreciate that opportunities for a fecund and aggres- 


‘sive mind are ever present in the transmission-line field, and especially i the 


‘structural phases of power- plant design. “Captain Deck ‘was given ‘ 

blanche ” when, in the course of the reconstruction of one of the company as 

- generating plants, he recommended the use of a new type of suspension coal 
a banker . That he proceeded with this design on the basis of original formulas, = 


statement 1 that this bunker is vastly. superior to any ‘other in the Philadelphia — ; 
ee Company’ 8 system, is a tribute of a high order to his engineering skill, 


s superiors who had unfailing confidence in his genius. — Inci- 


5 that its complete success has elicited from— the operating engineers the 


‘Transactions, Am. Soc. CB, Vol. 98 p. Yo. 
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Mechanical Engineering Division, in which position he was’in full charge of 
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_* MEMOIR OF FREDERICK WEBSTER DECK 
‘dentally, Captain Deck left unfinished a paper on the of this suspension 
. ise bunker. His intention was to present his theories to those interested so that 5 
full discussion of its relative merits might ensue and similar bu unkers- be 
erected profitably by others in the industry. 
In the transmission-line field, also, his exceptional talents were early 
“ recognized, and assignments to national society committees engaged in this =| 
4 field of work followed i in quick succession . He was a member of the Power 


. trical Engineers (A: I. E. E.) for many years, and served for several } years as 
: of its Subcommittee on Conductors, Towers and Wood Poles. He = 


two of its one on “ ” and the other on “ Strength 


and Loading. » In ‘allied ‘fields, his interest was so _keen and 


for Testing Materials. All of these he handled with hin cus-— 
2 —tomary thoroughness, an and with his ur unswerving devotion | to what he considered _ 


Captain Deck was an exceer 


through o one’s ‘ability. However, he w was not a --martinet, and he 
vehemently scorned blind subserviency and lackey attendance upon 
a occasion his disgust at the actions of an associate was so strong that 
“he penned the following words—words so descriptive of his sense of propor- af 
tion or perspective in dealing with others that they may well be summed up ae 
typical of his attitude on that subject: ye he boxt Ath 
’ Folei “ A man who constantly trembles for fear of ‘what his superior will 
x ba: say ’ or ‘ what people will think’ soon loses self respect, initiative, and in 
oN Papi ‘ ‘dividual worth. Respect for the opinion of others, their knowledge, their _ 
yank, is conducive to profitable self-discipline. Subservience leads to a— 
 eontemptible existence. * * * Diplomacy, tact, and 
 tience have their place. Force, firmness, and an unyielding mien have 
ae ite theirs, but brow-beating, taking unfair advantage, and cowardly, over: 
a fap pene have not a place in the repertoire of the successful man.” 


Captain Deck was married to Mary Evelyn Jolls on “February 8, 1921, 


shortly before he sailed for duty with the Army of Occupation | in Germany. P: 5 a 


t. 
4 = Deck’s forbears were very active politically i in Delaware. 


ce on. si Captain Deck is survived by his widow and three sons, Frederick hoe 
“/— r., William Meade, and John Wheaton; and also by a brother, William H | 


ap ain Deck was elected an Associate Member of the erican Soci 
— Capta Deck lected an Associate Member of the Ame Society 
Civil Engineers on July 16, 
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Clyde Henry Fenton was born at Neenah, on March 6, 1897, the son 


of Merton 0. and Anna (McCallum) F ‘enton. His preliminary education was 
obtained in the public schools of Kimberly ‘and Appleton, Wis. then en- 
= Lawrence College, at Appleton, from which he was . graduated in 1918 7 
with the degree of Bachelor of Arts. In 1921 Mr. Fenton entered the Colo- o 
degree of Bachelor of Science in Mining Engineering, 
(After receiving his degree at Lawrence College, he spent three years as 
_structor of ahemiatey and physics i in the pu public schools of Escanaba, Mich., and 


A continued i in this work until 1930, at which time he went to Houston, Tex., as fe ~ 
a a member of the firm of the Blue Bonnet Tile Company, which was engaged “S if 
in contracting and general supervision of the installation of 
+ In 1934 Mr. Fenton left the Blue Bonnet Tile Company to become com- a 
 puter-draftsman on a four- -county aerial photo-m mapping project with the U. S.. ey 

i Geological Survey in the Houston office. When this work was completed, he pes 


was employed by the U. S. Forest Service in Lufkin, Tex., as photogrammetrist 7 a 
in connection with the photo-mapping project for land sequisition for the Sam 
fit; Houston National Forest in the vicinity of that city. While with the same 
- organization he later became senior engineering draftsman. ft When the i 
a River Conservation and Reclamation District established an engineering and — 
mapping « organization in 1935, he left the U. S. Forest Service to join that 
a organization as photogrammetrist on the photo- mapping of thirteen major es 
. reservoir areas along the Brazos River and its tributaries. In July, 1937, he & 
ae was made office engineer in the headquarters office at Siuiiie Tex. While 
working i in this capacity he did a considerable amount of independent research 
_ in connection with the Multiplex Aero-Projector which was s being used for the 


= moking of topographic maps by his organization. November, 1938, he took int 


up duties with the Brazos River Conservation and Reclamation District, 4 
sisting in the design of earth- fill dams for water conservation purposes in 


= Mr. _ Fenton passed away on August ' 7, 1939, at his home i in Temple, death — 
” ‘being caused by a sudden heart attack. He had been i in good health, and his | 
death was most unexpected and a great shock to his many friends. 
ne He was a member of the American ‘Society of Photogrammetry, being 


_ Treasurer of the ‘Texas | Section. He was a also a member of the First Presby- — a 


1 Memoir by L. M. Baugh, Assoc. M. Am. Soe. C. | 


—zado School of Mines at Golden, Colo., and was graduated in 1923 with the 
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He was married to Louise M. Brusse in ‘Holland, Mich., on June 25, 1924. 
: a “ He is survived by his widow; a daughter, Marjorie Jean; and a son, Robert M. = 


Mr. Fenton was elected an Associate Member of the American | o! 


His mother and one sister, Dorothy M. Fenton, also survive him. a nh hed 4 


aR 


‘GEORGE FARNSWORTH FISK, Assoc. M. Am. Soc. C. E. 


a _ George Farnsworth Fisk was born on September 27, 1878, in Hyde Park, 
4 Mass., the son of George Washington Fisk and Eloise Mary (Farnsworth) 


Fisk. _ He received his early education in the public schools of Boston,’ and 
entered “Massachusetts Institute of Technology, 2 at Boston, Mass., in 
and finished his sophomore year in June, 1899. 
7 at His first employment in his climb to become a . distinguished engineer » was 


as a rodman with the New York, New Haven and Hartford Railroad Cm 
“pany. Later, in 1900, he accepted a position as assistant it engineer with the 


U. S. Government under Col. William S. Black, on triangulation si survey of — 
fortification in Cuba. Finishing this work in 1903, he was employed as as- ‘> 
“sistant engineer with the United States Appraisal Company of Boston, at 
charge of surveys of industrial plants and making appraisals. 


oe During this latter work he was transferred to Buffalo, N. Te to make a . 


survey and appraisal of the large Schoellkopf, Hartford and Hanna Company’s 


2 chemical works. He was so favorably impressed with Buffalo that he decided © a pe 


fis 


to make it his future home and went to work as a transitman with the Penn- 


a Railroad Company. While with this he laid out the new 
railroad shops at Olean, N. Y., and was on the construction: of the Goodyear 
Canal at South Buffalo and the double- -span, -plate- girder bridge at 
oo May, 1905, Mr. Fisk entered the employ of the City of Buffalo, in the -_ 

f Bureau of Engineering, as a draftsman. During his four years as draftsman, — 4 


F, he was assigned to ‘survey and triangulation work. He also appraised all the - 
=< railroad crossings and bridges in the | City of Buffalo. | In 1909, he was ap- 

‘Pointed chief draftsman and took over the ‘investigation of the stability 


bridges and viaducts under various loadings, 


_ Int 1914 he was appointed assistant engineer in the ‘Bureau of Engineering 
and wa was immediately placed i in full charge of street paving g. _ During his coe 


adam. a Paving Laboratory and reorganized the 
‘Division. Under his direction the paving of streets increased yearly. He 


. Glassmire, M. Am. Soc. C. ine 
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ow was so chairthan of the Brick Committee of the American Society of Municipal 


4 tute of America; chairman of the Goatees on Sizes and Styles of Pilg 
an Division of Simplified Practice, Department of Commerce, United 
States of America; member of the Permanent International Association 
1928 Mr. Fick wa was appointed r of public works of the e City 
, of Buffalo and served three years. . During this time the $7,000, 000 city hall, * 


the State Normal School of Buffalo, the Hertel Avenue trunk sewer r (costing — 


supervision. Many changes i in engineering and policy were 
g i In 1981 Mr. Fisk entered Private practice as é consulting engineer, and a ; 4 
many cities. pi In 1936 he accepted a position — 
construction adviser for ‘the S. Housing Authority. In this — } 
he built two large housing projects, and was completing the third at the time on a 
pe _ With the death of Mr. Fisk the City of Buffalo and the federal ‘eek 
= a faithful servant. U nfailing courtesy, dignified cordiality, tolerance, ad E 
kindliness were | Farnsworth Fisk’s characteristics. Hey was liberal i 


his views and noted for his fairness and ethical dealings in his ethinetig, 


‘Among his social activities, Mr. Fisk was ‘past master of the Mystic 
Lodge No. 899, Free and Accepted Masons ; past high priest of the i 5 : 
4 Chapter No. 314 of the Royal Arch Masons; a Scottish Rite Mason and wi 
2 Noble of the Mystic Shrine; and a member of the Buffalo Chamber of Com- a 
merce, Rotary, Elks, and the Orioles clubs. He attended 


On August 26, 1906, Mr. Fisk was married to Minnie Florence Torge. He 4s 


is by his one son, George William, and one daughter, Dorothy 


Mr Fisk was s elected an Associate Member of Bo 


FRANCIS JAMES FITZPATRICK, Assoc. M. Am. Soc. C. 
Francis James Fitzpatrick was born at Chicago, Ill., on June 28, 1884. = 
was the son o of Francis James ‘Fitzpatrick and Frances (Carrol) 
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years was master of his own ship. Upon retirement from this occupation he ea; y 
was” appointed fire marshal of the City of Chicago. In 1893, during the at 
_ World’s Fair in Chicago, the Cold Storage Building of the Fair was com- re 
pletely destroyed by fire with great loss of life. Fire Marshal Fitzpatrick, ery 


am while leading his men in the work of rescue, died heroically and was honored ee : 


Th The boy’ 8 s mother died when was two years old, whereupon he made his 


= his father was a great shock to the small boy of nine. — His devotion to - 
- . admiration for his father made a deep and lasting impression ‘upon him and 
too was to become possessed of the courage, strength of character, and 
sss integrity of Captain Fitzpatrick, the sailor and hero. He was graduated from 
i. ve Hyde Park High School and then went to Armour Institute of Technology, in 

_ Chicago, majoring in civil engineering, 
=e Francis Fitzpatrick, the young man, early became interested in railroad 
and construction engineering, an interest which he maintained intensively 
+ _ throughout the remainder of his life. In March, 1905, before he had yet 
_iat attained his. twenty- -first birthday, | he began his engineering | career with the ae 
‘Indiana Harbor Railroad Company, first as rodman and later as instrament 
A ——_ man in charge of a residency. In March, 1906, he became topographer for the Jie 
ae Cairo and Tennessee River Railway Company. In May of the same year he eI 
4 became instrumentman in charge of a survey party for a fuel ‘company... % The ; 
“next month he returned to railroad work and held the following positions: aie 
. June to No lovember, 1906, topographer for the Cananea, Yaqui River and Pa- 
Railway; December, 1906, to J anuary, 1907, leveler and transitman for 

fox). the Oregon. and Washington Railway Company ; February to October, 1907, a 

 leveler an and transitman for the Chicago, Milwaukee and d St. Paul 

Company; ‘December, 1907, with the B. J. Arnold Company on appraisal of 4 


railway property; J anuary, 1908, transitman with the Northwestern Elevated 


: Railway ( Company, in Chicago ; and | September, 1908, to od uly, 1909, draftsman 
and office engineer for the North Coast Railway Company. a 

| _ Mr. Fitzpatrick then left railroad work to become assistant to the super- 
Benge of the Columbia Canal Company on maintenance and extension of a a 


an irrigation system at Attalis, Wash., but again took up railroad work in 


October, 1909, when he became draftsman on preliminary location surveys for 
eS i, the Gr Great Northern F Railway Company. In January, 1910, he became drafts- is 
man o on ‘maintenance, location, and construction and later served for short 
‘time as transitman for the Oregon and Washington Railway Company. 
May, 1910, he went» with the Alaska Northern Railway ‘Company as chief 

a draftsman, in charge of the compilation of surveys and estimates for the ‘a ; 


4 Alaska Central Railway. In October, 1910, he became draftsman on construc- 4 
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— oF FRANCIS come FITZPATRICK 


Francis Fitzpatrick, the young engineer, railroad waite! in 1911 


: on construction of all concrete work at the Pedro Miguel locks of the Pacific = 
Division, and transitman with the First Division in charge the installation 
- of all lock and gate operation machinery for the Pedro Miguel and Miraflores 
= _ He later had charge of construction of seacoast fortifications for the 
‘Panama Canal and Pier No. 7 for the | Panama Railroad. In May, 1916, he — 
ft the Canal Zone to take charge of construction of seacoast fortifications at : 
Fort Rosecrans, California, which aesignment was completed in May, 1917. 
Francis Fitzpatrick, ‘the engineer, qualified for and was comrnissioned 
fl - Captain in the Engineer Reserve Corps of the U. S. Army on February 23, at 
1917. He was called to active duty on May 8, 1917. Thereupon he reported aie 
to assignments as follows: May 8, 1917, presidio of San Francisco; August 29, ; 
1917, Camp Lewis, Washington ; November 1, 1917, Camp Pike, Arkansas; 
and January 23, 1918, American Expeditionary Forces, France. While in 
= France he served as follows: August 15, 1918, Company Commander in 316th Sa 
; Engineer Training Regiment; August 80, 1918, in the office of the chief ES 
engineer of the 1st Army, as assistant army roads officer; and November 1, — aa 
4 1918, Company Commander i in the 508th Engineer Regiment. He returned to ‘> a 
E the United States and on June 16, 1919, was stationed at Camp Shelby, Miss., 
a with the 508th Engineer Regiment. The regiment was demobilized and Cap 
a tain Fitzpatrick was honorably discharged from the service on July 23, 1919. 
On July 1, 1920, Captain Fitzpatrick wa: was again ‘commissioned in the U. S. 
4 _ Army, this time as a Captain in the Coast Artillery Corps. Thereupon ae 


4 


-Teported to assignments as follows: November 27, 1920, on harbor defense — 
gS works at Puget Sound, with the 14th Coast Artillery, Fort W orden, Wash- et 
ington; September 13, 1923, at Fort Monroe, Virginia, as student, Battery 
z Officers’ Course, Coast Artillery School; April 28, 1924, at Fort Stevens, 
Oregon, with the 14th Coast Artillery Regiment; June 20, 1924, at 
4 Eustis, Virginia, with the 52d Coast Artillery Regiment; and on January 4, bas * 
a 1926, in Hawaii, with the 41st Coast Artillery Railway Battery. fi, obingriegen 
oa ah. Captain Fitzpatrick was transferred from the Coast Artillery Corps to a 3 
Corps of Engineers on July 9, 1926. He was assigned to the 3d Engineer 
= Regiment in August, 1926, for service, again in Hawaii. On December 23, ry 
,, 1929, he was assigned to the U. S. Engineer Office, at ‘Vicksburg, Miss., : ihe 
7 assistant to the district engineer. While there he also had charge > of the 
q : eserves of the 4th Corps Area and later was ‘disbursing officer for a 
a the Mississippi River Commission. On July 4, 1932, Captain Fitzpatrick was r =e 
transferred to Cleveland, Ohio, as instructor for the Ohio National Guard 
Engineer Regiment), Organized Reserves of the 5th Corps Area. 
the spring of 1933, he was construction officer, Civilian Conservation Corps, og 
in Ohio and West Virginia. He was stationed at | Chicago on temporary a 
2; with the Civil Works Administration for Cook County, from January to J uly, 
1984, Captain Fitzpatrick was promoted to Major, Corps of Engineers, on 
1935. He was assigned to temporary duty as consulting field 
a with the Works Progress Administration in Philadelphia, Pa., in Oc- 
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MEMOIR OF FRANCIS JAMES FITZPATRICK 
tober, 1935. en was umpire for the 2d Army Maneuver, ‘Fort Knox, Ken- 
in July and August, 1936. af pus a 
Major Fitzpatrick became assistan 


service with the Works at ‘Angeles, -Calif., from 
October, 1937, to April, 1938, whereupon he resumed h duties at Pittsburgh 
4 as chief military assistant to the district engineer. bad 
Major Fitzpatrick was assigned as Professor of Military Science and 
a Tactios at Oklahoma Agricultural and Mechanical College, at Stillwater, Okla., ‘3 if 
eee and was to have reported for duty on August 1, 1939. On July 15, 1939, lo” 
was en route, with a government chauffeur, to the Tionesta Creek flood con 
a trol dam, under constru 
near Tionesta, Pa. He was particularly interested in in n construction, highest, 
fl and railroad problems in relation to this project. _ The assignment which re- 6¥ 
F quired a journey to Tionesta was to have been his last one in the district prior jor 
to his transfer. The car in which he was a passenger \ was struck near Bakers- 2h 
"4 town, Pa., by another car which came, out of control, im the opposite 
The occupants of the government car were fatally injured, and Major 
2 Fitzpatrick died on July 16, 1939. Before he died he regained consciousness — 
long enough to identify himself and to exonerate the chauffeur of any blame 5 
whatever for tl the accident. Interment was made in the Arlington National 
‘The career of Major Fitzpatrick came to a close in the line of duty. He 
oy would have had it so. ‘He had been @ young | railroad engineer from March, a 
1905, to August, 1911; a government engineer on construction, much of the 
ioe. time in the Panama Canal Zone, from September, 1911, to May, 1917. His 
service to his country as an an army 0 officer began in May, 1917, and ended in a 
R July, 1939, a long and honorable service. ‘His profession took him to numer- 
ous places, many of which were hazardous. While in France, during the 
World War, he served in the Defensive Sector (Toul), Seichprey, Xivray, St. 
-Mihiel, and Meuse- Argonne. However, it was a tragic accident on a peaceful 


executive en: “He and for the district « engineer, the 
as numerous civil and military activ ities of the District. | He was an expert a 
labor conditions ‘and relations as as well as regulations ‘relating to 
_ projects. It was this particular qualification which led to his being called to 
ae temporary duty with the Works Progress Administration at Los Angeles. 


ie “i He was particularly interested in the many engineering problems relating o a 


‘a river and harbor flood control and protection activities. He was firm in 


— Major Fitzpatrick was alinike at Cashmere, Wash., to Jane Ethelyn Clark 
with a daughter, Anne and two sons, Francis J Jr r., and 
Major Fitzpatrick was Associate “Member of the » American So 


ciety of of on 4 1918. ch 
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HARRY J. HANMER, Assoc. M. Am. Cc. E 


larry ‘Hanmer, the son of Charles and Emma_ (Crim) ‘Hanmer, was 
at Jordanville, N. Y., on December 6, 1881. His preliminary ‘education 
_ was received at J ordanv ille | ‘Union School and Richfield Springs High School, 
after which he entered the | College of Applied Science, Syracuse University, 
Syracuse, N. Y. In June, 1906, he was graduated from the University with . 

F “His first assignment. was that of inspector on the construction of a sewa 


_ system for the V illage « of Mohawk, N. Y.; and in December, 1906, he antieal are 
the: employ of the ‘Remington ‘Typewriter Company at lion, N. Ney asa 

Mr. Hanmer was appointed assistant city engineer of Gloversville, 
in March, 1907, and in October, 1913, he became city engineer. git th 
During his and faithful service with the City of Gloversville, Mr. 

Hanmer was engaged in the design, construction, and maintenance of city 
_ streets, sewers, and the sewage disposal plant. He was in immediate charge oo. 

the Gloversville Sewage Experimental Station and of the construction of 
the Gloversville | Sewage Disposal Plant which covered 10. acres and ‘cost 

“98 In addition to his ccna: activities as s city engineer, Mr. Hanmer was 

the author of several articles, one of which was entitled “The Construction & 

Operation of the Gloversville Disposal Plant” which has been 
On October 23, 1913, he was married to Mabel R. Peck of Gloversville, ae 

He is ‘survived by his widow, his father, and a sister, Mrs. R. D. 

3 Hanmer was a member of Phi Gamma Delta Fraternity ; the First 4 

Methodist Episcopal Church and a member of the Official Board; the Young 

—— Men’s Christian Association (Y. M. C. A.); the Benevolent and Protective 

Order | of Elks; the Masonic Order, “Mohawk Valley Lodge; the New York 

State. Association of City an and Village Engincers; the Eccentric Club; the Pine 

Brook Country and the Republican Clube” = 


a3 


: 
in work and in the Y. M. 0. A. 


> He was an indefatigable \ worker and accomplished each task with diligence S89 A 


extremely careful endeavor. With these exacting mind, Mr. 


r Memoir prepared by John A. Wallace, M. Am. Soc. C. 


1, 2 Engineering News, Part 1, Vol. 74, No. 16, October 14, 1915, p. 744, and Part 2, Vol. p<, om 
No. 17, October 21, 1915, p. 780. 
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a retained the esteem and affection of his associates a his entire” 3 nf 
Hanmer was elected an _ Associate Member of the of 
Civil Engineers on October 11,1912, 


4,0 Harold F. Janda was born on April 21, 1893, in Portage, Wis. His father, 


Anthony J. Janda, a printer, had emigrated from Bohemia. ‘His mother, 


7 


Katherine (Sitterly) Janda, was a native of Madison, Wis. 1 Besides eetiasd 


the family circle included an elder sister, who died in 1920. 


“4 _ The boy attended the public schools of Portage and then entered Carroll 
Calllege at Waukesha, Wis. A desire for an engineering training caused him 


4 


degree of Civil Engineer. He was a nd student, but the record be pend 
+ one of the poorest grades he received was in highway engineering, the subject a 
__ which he later taught for many years in the same college. wo” ollie Si 
i, _ During the summer following graduation he worked as assistant engineer 
i‘ ws for the Baraboo Drainage Commission. In the fall he received an cappoint- 
nan ment as instructor in civil engineering at the University of Cincinnati, at “i e 
aa Cincinnati, Ohio, under the late. Dean Herman ‘Schneider, , Assoc. M. Am. Soo, 5 
CO. E., who was introducing his famous ‘cooperative system under which the 
= engineering student spends alternate periods i in the school and on the job. It 
mas” . was part of Mr. Janda’s duty to supervise the .e work of the students on the job. 
_ The future seemed secure enough to the young instructor to justify matri- — 
ad mony, so he and Margery L Sawyer, of Menominee, | Mich., were married be 
aK. ova 1919, Mr. J anda was made an assistant professor at Cincinnati and 
ove continued in that position until he want | to the University of North Carolina 
Satie at Chapel Hill, N. C., in 1921 as associate professor of highway engineering, — 
oe. There he found opportunity for research in the field of vertical earth pressures 
% and, as a result of his work, was called to Washington, D. C., in 1924, to serve 
a8 director of the I Highway Research Board of the National Research 
ae Council. The university granted him leave of absence for this service. In 
4 a 1926 he returned to the University of North Carolina as professor of Mahe a 


a 


‘engineering: and head of the department of civil engineering. 
2 Professor Janda was : called to the University ¢ of Wisconsin, his alma mater, . 


2 Memoir prepared L. . Van Am. Soe. C. 


— 


— 


‘ 


| 


all 


4 
— 
il 
fl 
=. 
fi 
| 

Te 
Il 

— 

1 
= 
4 
| 

| 

—_— 

— 

— 


- interested i in the characteristics of soils as they affect engineering work, and S- ‘ 
Se study of soils remained one es his major professional interests. et At the 


became a authority on soil conditions and characteristics in 
Wisconsin. - From 1929 until his death, he served the commission frequently 
as a consultant upon a wide range of proble ms. 
_ Frequently called upon for service on various , public. committees iit 
; -™ anda gave liberally of his time and energy in that work. His familiarity | 
with. city planning and zoning ng and with traffic problems made him an effective - 4 
* ab on such committees. He was open-minded and forward- looking, but 
always kept his enthusiasms and emotions under control. ‘His ability to visu- 
- alize the practical ‘possibilities of a situation . gave weight to his contributions 


He was proud « of his profession and was active in promoting its tabla 
' services were e recognized, in 1935, when he was made president of the a 
Engineering Society of Wisconsin. A heart attack at Christmas time in 1935, 
however, made it impossible for him to preside at the spring meeting of the _ a 


Professor Janda liked to ‘teach. He liked the students and 


contacts with ‘them. He held them to a high standard of performance but was K “a 
always even- -tempered, courteous, and reasonable. His teaching was fresh and a: 
5 stimulating because of his close contact with technical problems in the field. — rt 
‘He 1 was deeply ‘interested personally i in those problems, seeking to ‘understand hi 
f them and to find practical solutions. His thesis students (and they were nu- — <* 


e merous) had the satisfaction of feeling that they were » making genuine econ 


tributions to professional knowledge, a feeling that was : reflected i in their ear- 
nestness and enthusiasm. He had them out on the job in all parts of the | i. 
ate gathering their data and testing their | findings i in the “fiery furnace - of aie 
‘Practice. | His classroom teaching likewise was vibrant with his interest in his 
subject and the freshness of his ‘material. He ‘prepared carefully for each 


pm An interest in semiprecious stones was Professor Janda’s chief hobby. } His 


om 
ne was a scientific one, and he was skilled in the identification of gems. ms. = 


His modest collection was full of interest and furnished material for many - 
Bs ee Professor Janda was a member r of the honorary : societies of Sigma Xi, Chi 


system and could probably have been as a liberal conservative. ¥ 
_ attended the Episcopal church, tt 
His family, consisting of two daughters, Barbara Sawyer, and ‘Nadia 
—— reeeived 2 much of his attention. His widow and their two children survive him. 

In his contacts with people, Professor Janda was f frank, easy, and modest. — 


Those w who were intimate with him found him to be Ye well-informed in a + wide ee 
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range of subjects. He was an interesting oad his ‘cheerfulness and 
good nature made him a delightful companion. ite oil! at ha hom 
sss Professor Janda was elected an Associate Member of the. American Society ‘ 


WILLIAM JOSEPH JUDGE, Assoc. M. Am. Soe. 


= 


son of Henry and Julia (Burke) Judge. He received a high school educa- 
tion at Hickman College, at Hickman, Ky. Later he took a course in me-— 
~ chanical engineering with the International Correspondence Schools at Scran- 


Wise 


met ab 
Although little i is known about his boyhood | days, it was then that 


lifelong interest in dredging was inspired. - His diversion was. to sit on the 
of the Mississippi ‘River which flowed | near his home and watch the 
of the government. dredges ‘deepen the channels and build 
Although a year younger ‘than the required age he left home to enlist 
- the 3d U.S. Volunteer Engineers i in the Spanish- American War. He was 


er same er was very proud of his s son 1 when ‘returned, as a 
‘Immediately after. his « from the Army, in he. his 
- work with dredges as a clerk with the Mi ississippi River Commission on the | 
dredge fleet at Memphis, Tenn. . He rose to the grade of foreman in 
a: he» went with the ‘Atlantic, Gulf and Pacific Company as paymaster end 
assistant ‘superintendent on work at Vicksburg, Miss., Mobile, ‘Ala, Tampa, 
‘Fila, New Orleans, La., and Pascagoula, Miss., and at the Isthmus of Panama 
‘ ve the company erected dredges for the Isthmian Canal Commission = | 
1907. He then n went with the Canal Commission as dredge master until 1910. 
From April, 1910, to May, 1917, he was field superintendent with James 
Stewart and Company and the American. Pipe and Construction Company 
on New York State Barge Canal work, which included dredging, s ‘subaqueous- 
eh May, 1917, he enlisted for service with the United States Army in the 
World War . William Judge, previously having received a commission a8 
First Lieutenant of Engineers, was ordered to in | the: ‘spring of 1917. 
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of Civil il Engineers on on June 7, 1926. at 
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Washington, and for a short time at Camp Belvoir, Virginia. At the end of 
the training period, a very few of the more meritorious were given commis: 
— 


tj, 


— the Engineer Rastsiant d the 78th Divisien, in training at Camp Di, 
Jersey. Captain: Judge was put in command of Company “ F.” ‘Due to 
the excellent service record of this company, the Commanding Officer of the Fy. , 
q Col. M. Markham, M. Am. Soc. E., who later became 
Chief of Engineers, selected Captain J udge for early promotion, ‘made him 
Major, and placed him in command of the Second Battalion. - He was in on: 
charge of troops” on the British ship on which they sailed. They landed ae 
England and shortly thereafter went to France and trained behind the ines 
in the British sector. The Division was brigaded with the British on the 
‘iene sector of the front for some time, | As moved to the American sector 
The Division in _Teserve in the St. Miia el attack, and relieved two 
regular divisions after the attack, taking « over a large | sector of the front line. = a! 
_ Later the Division was moved to the Argonne where it was held in reserve ie 
during the attack but after the attack it replaced the Division. 
‘They occupied the front line, including Grandpré and the region to the east, a 
until shortly before the Armistice. | When the last big drive was made the | 
_ Division led in the attack and was only relieved a day or so peru 


- wi The Regiment moved into winter quarters after the Armistice and re- 


a 


pag 


June, 1919. In the meantime Major Judge had been promoted to Lieutenant — 
~ Colonel and came home in command of the Regiment. 2 —te 
From J uly, 1920, to 1923, Colonel Judge was back with his 
as field manager for A. Cipriani. on the Caroni Reclamation Project and 
_ Orapouchee Lagoon on the Island of Trinidad. 
ti _He returned to the New York State Barge Canal in 1924 and remained 2a 


@ mained in France until the following spring. The men came home about 


Dredging Corporation. This project also included much drag-line work, 

; As field superintendent for the T. T. Sweet Dredging Company of a = 
Fa, in 1927 and 1928, Colonel Judge did dredging for land reclamation. 

While there the great hurricane of 1927 made much trouble for his” dredges. 
all From 1928 to 1930, Colonel Judge was field superintendent for the Na- Pe <a a 

tia tional ; Company i in charge of the ‘Hudson River and 


Early in 1980 his war time Col. W. Gausmann, M. 
Soe. C. E., general manager for John Monks and Sons and Ulen and Com- me q 
pany y “Greece, induced Colonel Judge to” come to Macedonia the 
Struma project. In this “capacity Colonel J udge’s career was noteworthy 
In Macedonia there was nothing with which to begin—no organization, no a 
plant, no no trained men. hie The project was flood control, land reclamation, and 
‘irrigation in the Struma Plain, the drainage of the Pravi Marsh i in the Plains 
of P Philippi, and other wo work. The estimated cost was an it 


if 
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000, 000, , which would have been about twice as much in 


The company established their headquarters in Serres, Macedonia, a city of — 
hydraulic dredges, a dipper many small drag- and 
excavating The orders plant were distributed by the Greek 
America, and to “operate the plant. It was necessary. to 
redesign the dredges in Macedonia. Camps, roads, and bridges were baile Pr 
well as railroads, ‘machine shops, docks, and launching pita, 
a year or so the dirt began to move in ever inereasing  quantitics‘s 
‘was completed all had been ‘replaced by native 
Greek operators trained on the job 
The most exciting: times. of Colonel J udge’s stay Macedonia, however, 
j 
thy started under the Liberal Covenant of Venizelos : and most of the inhabitants. 4 
- of Macedonia were Venizelists. In 1933, however, the Royalists obtained ¢ con- 
trol of the government under Tsaldaris and General Kondylis. i hei 
=, _A revolutionary: movement was started in 1935 in Macedonia with 
quatters in Serres. was very embarrassing for Colonel Judge and the 
companies he represented, for most of the employees were Venizelists. 
All communications were soon cut off from the outside world and fran F 
ex x the companies’ main office in Athens, Greece. The companies’ transportation 
equipment and telephone system were seized by the revolutionists. Bombs 
- were dropped in the city by Royalist aviators and the city was full of troops” 
on their way to the west to their defense lines along the Struma River. | On > 
the advance of the Royalist troops, however, the revolution quickly | 


the Royalists took over the surrounding it: 


and the affairs of his employers during the trying period. vin 
While still. jn Macedonia, Colonel J became seriously ill 
summer of 1936. He was taken to Vienna, Austria, for treatment. His 
r health 1 did not: improve, however, and in J anuary, 1937, he v was as brought to wnt 


1939. Funeral services were ‘held from Christ Church Cooperstown, 
he was buried in Lakewood Cemdtery. sot 
Sea Judge was a Colonel in the Engineer Reserve and a Charter 


Member of the Society of American Military Engineers. 


On April 28, 1917, Colonel Judge Was | ‘at Cooperstown to Margery 


Colonel J udge ‘was elected an Associate Member ol the American 4 
Civil Engineers: on August 13, 19384. bud ‘te 
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MEMOIR OF ARTHUR SYLVANUS KEMMAN 


ARTHUR sy LVANUS KEMMAN, yore M. Am. Soe. C. E.! 


1886, the son of Alvino Kemman and Louise (Schert) Kemman. 


father: was county engineer of New Hampton for many years. 


-Kemman was graduated from the New ‘Hampton High School, 
valedictorian of his class. He attended the U. S. Naval | Academy, Annapolis, 

4 Reon, from J une, 1 1904, to May, 1908, and spent ‘two years at sea. For two a 


years: subsequent to this period he assisted his father on various engineering t= 
projects at New Hampton. In September, 1912, he went to California where io 
he worked for slightly ai than a year on plant and structural design for | ae a 
the Colton Cement Company. next four years he was” employed | as 
draftsman by the California State Highway Commission. 
_ He went to Washington, D. C., in ‘May, 1916, and compiled specifications ki Ree 
ships i in the Bureau of Construction and ‘Na avy Department. 
mo" a tween April and December, 1917, he was employed in the capacity of general i 
- assistant to the , superintendent constructor, U. S. Navy, on submarines L-6 


— 


L-7 at the Long (Calif.)_ Shipbuilding Company. Mr. 


In December, 1917, an 1 appointment as Lieutenant in the U. 
Naval Reserve ‘Force, and was sent to the U. Navy Yard at Bremerton, 
Wash. ‘His assignment there” included duties “as office superintendent ‘and 
material officer. He supervised requisition and inspection of materials and - 
supplies for industrial plants, and inspected and valued the vessels taken over Sars a, 

- a by the Navy. This appointment terminated in October, 1919, and Mr. Kem- es — 
immediately secured the position of marine inspector for the Union 
ee Company . Here he supervised construction of tank steamships at the South- — . - 
western Shipbuilding Company i in San n Pedro, Calif., until May, 1921. Fol- 


= lowing this came a period of private practice in surveying and land subdi- | 
was from 1922 to 1925 as by the Southern Cali- 

fornia” Edison Company at Los Angeles, Calif. Subsequently he spent 

_ short time as Junior Civil Engineer with the Storm Drain Design Division, — cae: 
In July, 1925, he took a position draftsman with the Los” Angeles 
a _ County Flood Control District and remained with this organization continu- ee 
oe until his death. His work was quite varied. After as assisting in de- ass 


signing some of the first structures constructed by the District, he transferred — E 


in the expansion of this work. He was was particularly interested in the 


conception and extension of the District’s mountain ee lines and radio 4 — 


— — 
— 
q 
i ay 
ia 
a — 
j 
i= j 


7 


i a Mr. Kemman was a very capable engineer in any work assigned, and was an . 
Prong excellent draftsman. He was wy active in all employees’ affairs and popu- 
Me Kemman served as secretary and president of the Naval ai 
Association at Los Angeles. He was a member of the William 
ics >; Upton Naval and Military Lodge, No. 206, Free and Accepted Masons; Post 
457, American Legion, and: served as Commander during the year 1988-1939 ; 
4 a the American Association of Engineers and Architects ; ‘the Southern Cali 
fornia Historical Society; Clampus ‘Vitus; and the Los Angeles Yacht 
Club. His principal diversions were > golf, yachting, and tennis. 


Credit Union and served for as the ‘first: Secretary- Trea 


Personally, 


man . He made friends was ever teddy to cheats a hy 
* He ‘was married to Ruth - Holly of Westfield, N. Y., on October 21, 1918. 
He is s survived by his widow, two sisters, Martha Kemman and Elva Kemman > 


| = James E. Bezpalec), and | a brother, Alvin Kemman. 


Mr. Kemman was elected an Associate Member of the American Bosley of 
1% 

m. Soc. a Es 


tae ground floor” an industry that he grew to jae, and | grew with | it toa 
the top of his pretension, as chief engineer o of the Boeing Aircraft 
‘The son of the Rev. S. Kylstra and Mrs. A. v. (Willebrands) Kylstra, 
Ef ‘la ack was born on February 8, 1895, in Engleum, The Netherlands. He at- 4 
tended grade school in four: or five different ‘Villages i in the land of dikes and 
windmills, clumping i in wooden shoes a aldng the country roadways to school. 
- ‘Then he graduated to leather shoes to receive his secondary education int 4 
city school of Leeuwarden, Province of Friesland. Hoe" bo 
5 as day in 1913 the taste of an imported Yakima (Wash.) apple enticed — 
- the elder Kylstra to consider moving to the United States, and four one: 
later the family arrived in the Yakima ‘Valley. - For five 3 years Jack helped os 


+ Mem by Robert | “Minshall, Seattle, Wash. peal 
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MEMOIR OF KYLSTRA 


a ‘ain irrigating of crops, while his younger brother 
high school it in Yakima and prepared for college. soll * 
fy Jack’s , eye e, too, turned toward higher education, and he forthwith took his a 
¢ Holland school records and a few choice compositions to the registrar at the tae P 
University of Washington, Seattle, Wash., where he was once 
_ _He was graduated from the University i in 1922 with a Bachelor of Science __ 
degree in civil engineering. . His industry and aptitude had won him a cum 
laude rating with his degree, and membership i in Sigma Xi, science -honormey. 
fraternity, and Tau Beta Pi, engineering honorary fraternity. 
Promptly came Mr. Kylstra’s opportunity to put his engineering training 
. work. He joined Lovsted and Company, a railway material firm of Seattle, 
in August, 1922, working : afternoons for four months and then full time until 
a September, 1923. As production 1 manager | of the firm, his job included the bi 
drafting and design of gears, ete., for logging locomotives and sugar 
a From September, 1923, to October, 1924, he was a fieldman for the oy ’ 
elephone and Telegraph Company i in a Seattle. He served as 


= 


cs _ After these two years of varied experience, in October Mr. Kylstra joined odd 
_ the Boeing Aircraft Company of Seattle and was assigned to the stress section — - 

the department. He began checking fhe structural 4 


q 


dependability, and before long he was advanced to chief of the 
x section _ In this work he became thoroughly acquainted with airplane con- 


struction o of all types ‘common to the period. 


he In 1929 Mr. Kylstra was made project engineer for a new type sizplane 


all-metal, smooth- menaplens transport, incorporating retractable land- 
ing gea gear and the stre amlining that has since become an inherent feature -- 
_ Upon the successful conclusion of t this assignment he became Project engi- — 


r a type 


=. eer of the XP-936 experimental ‘pursuit plane for the U. S. Arm ony 
ar proved as significant to the pursuit airplane field as the Monomail was ras 4 4 


y, 


the air r transport field. The XP-936 wa was 8 the forerunner of a Jong 
Ca high- speed Boeing low- wing monoplane pursuits ; known as the P-26 type _ 
es planes widely used by the U. S. Army Air Corps. _ Subsequently, Mr. 
‘ Kylstra Served as project engineer for the YP- 29, an advanced type — 
rd ‘mental pursuit plane, and the XF7B-1, an advanced fighter airplane built 
experimentally forthe U.S. Navy 
‘In 1934 Mr. Kylstra was called ‘upon to “shoulder a job” that was to mea- oa BY 
the fullest capacities of the man. The Boeing Company had 


q build experimentally for the he Army Air Corps a four-engine bombardment 


airplane far larger than any previously conceived—the rene Boeing 
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XB-15 Super Flying Fortress. It was a project actually before ‘the 
a a in development of the smaller B-17 type Flying Fortress, but because of hep 
 seope, it required substantially more time for completion. At the helm 
- this secret project was Jack Kylstra in his familiar réle as project eiginedl 
= ' Directly or indirectly, he had his finger on some 315,000 man- -hours of engi- 
; e a neering time that went into the development of the 35-ton super ship, now v the 
= largest landplane in service in the world and holder of two official inter- 
national aviation records, one for maximum load-carrying and the other 
* speed with a pay y load ‘of 2,000 kg for : a distance of 5,000 km, or 8,100 miles. — e 
3a ith his wide experience in the military airplane field, Mr. Kylstra, in a4 
1937, advanced to become engineer in charge of all military projects for his 
si company. As such he was overseer of work on the initial fleet of B-17B SE 
oa ‘Flying Fortresses produced for the Army Air Corps, and was a frequent 4 
ef commuter between the Seattle factory and Wright Field in Dayton, Ohio, ae. 
where the Air Corps Matériel Division is located. © | 
It was in Dayton that he met Peg Luetta Platte, whe became Mrs. Kylstra 
Mr. Kylstra became chief « engineer ‘of the Boeing Aircraft Company 
5 January 1, 1939, while the company was in the midst of producing and testing e 
2 its various new types of large four-engine airplanes for both commercial and + 4 
service. This was his position at the time of his death. 
at John Kylstra v was elected a Junior of the American Society of Civil Engi- a 
neers on July 9, 1928, and an Associate Member on June 6, 1927. w id oft 4 
amo. JOHN RAYMOND LAPHAM, Assoc. M. Am. Soc. Cc. 
te Diep Octoser 2, vont Bone su 


a ohn Raymond Lapham was born at West Medway, Mass., on April 1 


a 1886, the son of Frank D. and Alfarata (Scott) Lapham. _ His family v was of z 
old New England stock on both sides. He attended public “school ‘and de- 
_ termined to have a college education. | ‘By dint of hard work and “ stick-to- _ 


a itiveness” he 1 managed to put himself through Brown University, at Provi- 4 
_ R. 1., where he was graduated with the degree of Bachelor of Science a, 
Civil Engineering in 1909. He had only moderate help from home, and 
this fact influenced hi him ‘throughout his life in his a attitude toward those who — 
é _ were always asking others for help. +a be ‘ Help, ” he would say, “ help ¢ I helped — 
myself. Why can’t you?” And then. after laying down the law in no 
une “uncertain terms, and denouncing the human race in gen neral and particular, — a 


he would help, aid, and assist all sorts and conditions of men. 


At college he was an average student; the acclaim and honors that went to Be 


the brilliant man meant nothing to him and he simply did not: try to achieve 
= seemed to him unnecessary merit. He did his work passably well and e 


ce a * Memoir prepared by J. S. Crandell and oes, Wilmot, Members, Am. Soc. C. Eg. ae 
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‘MEMOIR OF JOHN RAYMOND LAPHAM 1987 


satisfied. he was more oun glad to help his fellows 
_ with their studies and took no end of satisfaction when they received — 
credit than he did himself . In the classroom, when he was in the ) proper — 
mood, his innate ability would suddenly shine and as quickly disappear, as 
once when he had a special assignment in mechanics and acquitted hi em 
go remarkably that his fellow students were aghast and the professor could 
a only give the infrequent recognition, “ Very good!” atl 
x Some things in his college life were not learned from books. el ; 
e the outstanding relationship of his last year, at least to judge by the repeated 


_ references that he and other “old grads” were wont to make, was a ol ae a 

hilarious group meeting familiarly known as the “42 Hope” club. This _ 


_ protractedly, as the demands of the college schedule permitted. The group =a 
confined iteelf diligently and boisterously to research into the ancient, if i 
— honorable, game of “ penny ante.” Mcst if not all of the members were senior —" 
civil engineers and all have made subsequent favorable records, including half 
text Upon graduation John . Lapham “ “got a job” with the New York, New ie 
Haven, and Hartford Railroad Company. He liked the work fairly well, but 
_ thought he could do better at teaching, although there was no one in his 
- family who ever had devoted his or her life to the profession. After two vail 
_ of railroad life, during which he proudly announced that he learned much > : 
2 ‘more about straight flushes and full houses than he did about engineering, he ais 
_" got a position” as instructor in civil engineering at The Pennsylvania a. 
It ds no secret that many of his acquaintances were a bit dubious about — 
his prospects of success in this’ new work. To his intimate friends, however, 
a _ the issue was never in doubt, for they recognized only too well the real ability 
q that lay by behind his simple and rather offhand ‘manner. The fact was that Pilg 


after a period of intellectual drifting he was about to “ ‘ set sail” seriously ae 


- fifteen years he was to become Dean of an important engineering school. iw 
a those days of the early nineteen hundreds the life of a faculty member hae é 
at the State College | was particularly rough and tough on those whom the a oY 
students did not like. But they took to “Lap” immediately; and he was 
equally popular with the faculty. He was appointed to numerous committees 
4 and attended many a conference that many older men never even knew about. _ 
Yet no one ever became jealous of him. methods were always ‘ “open 
_ and above board,” so that not : a shred of envy clouded his colleagues’ minds— 
‘a rather remarkable experience in a college community. if of 
Seeking more rapid advancement, in 1916 he went to George. Washington 
at ‘Washington, D. C., to serve as assistant professor of civil 
neering. ‘He s soon became profess 


first, Acting . Dean of the College of Engineering, and Dean, a ‘year later. ‘Th 


q these 1 positions he became acquainted with many of the leading men of 1 a? 


for a definite “port” in the educational world. Within the short space of 7 ‘ 


named after the room in which the club met irregularly, but frequently ‘ hye 


country, and, because of the favorable circumstances the 
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ean afford, ted met various prominent engineers from all over sles abi’ This 

was of benefit alike to himself andtohisclases. | 

He did considerable consulting work both for the manufacturer as well 
the user of portland cement. His duties as Dean, however, prevented him 
from giving as much of his time to such work as he otherwise might well have .: 
done. P| In addition, he was made a member of the Board of Zoning Adjust- 

: ment of the District of Columbia. In this he was particularly well fitted to a 
> take an active part, for one of his peculiarities was his inborn ability to “ see “eg 


quite through the deeds of men. ” Consequently, when obstreperous W 


S me ington real-estate manipulators tried to force some piece of chicanery past the 
Board, Mr. Lapham instinctively put his finger on the iniquity and checked 
From his father, Dean Lapham inherited the gift of telling stories. His Ne 


classroom work sometimes was devoted to the relating of yarns that 


exaggerate, the stories lost nothing in his ‘telling: He never = 

Bee. hE fund of anecdotes for social gatherings was almost limitless, and his a 
= ability to play jokes on others was amazing. 5) Often his friends woke up, long ae ¥ 
ya afterward, to the fact that they had been the objects of the tricks; but there a } 


was no resentment. “ Oh, that was just Lap again,” would be the inevitable . 
3 


knew that he gave instruction in such a manner; it simply was just natural 


«His railroad experience, plus a a New England ‘conscience, gave | him as 

- astonishing a command of well- nigh irrepressible expletives as any American — ‘S 

_ other than Mark Twain ever loosed upon his friends. _ And he would “cuss 

the preacher to his face as eloquently as if he were garbage man. ] It 
es was all the same to Dean Lapham so long as he thought the person addressed 


needed it. These were common, ordinary, everyday, over- used ‘ 
ae words,” however; they were vibrant, cogent, exhilarating phrases, the like of a 


which have seldom been heard before. One prominent structural engineer, 
i _ member of the Society, spent an entire afternoon trying to repeat, with suit- 
_ able tones, a particularly novel example that the Dean had used with marked a = 
effect, only to give up finally : and say, “ Well, only Lap could say that and get 4 i 
‘away | with it.” Needless to say, the students knew nothing of this hidden a 
gold mine of humor, for humor it wi was. *. But the outside world frequently was | 
Probably few of his colleagues knew that he had no use for structural + 
= engineering. To him it was a branch of.the civil engineer’s work that he — “a 
ae ‘supposed had to be carried on by somebody, but she was certain that that 4 
somebody would not be he. He greatly interested in sewage “disposal, 4 
water supply, and concrete testing. He made numerous trips about the 4 a 
try examining works of this character—usually the: whole » family d drove sailliee 


gether—and he was planning on writing book concerning them. . 3 


to write. He — very freely, no reporters were present, 
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The faculty knew he had a sympathetic ear, and that their troubles were his. — as a 
a In spite of a forthrightness that was inborn, Dean Lapham 
of tact in dealing v with those college situations that frequently become 
a ‘ticklish.” He was careful not to stir up animosities. Beyond that, = 4 ’ 
fairness, h: his and h hospitality were bywords. As a result the 


4 
a a give. a good account of himself felt Dean Lapham’s vituperative denunciations ye a 


nm 
- but almost never would he put his —e- on paper. Hence, he-1 never wrote 
a a book, in which h respect hi he differed from most of his fellows bate | ii og wees. 
took his work as Dean seriously as regards both students and 
- faculty. - He thought that he owed it to the students to supply them with in- 


4 centives for further r study, for perfecting ; themselves in in their chosen field, a 


for high scholarship. His faculty members always had “ “a friend at court,” 


| 


would for his own personal advancement. _ The students always found him to Zz 
be just. There was never a suggestion on of favoritism in any y of his decisions. 


ings and Te was a genuine success. 
Pe He hated all pretence and sham. The engineer in practice who failed to _ 


most severely. He was painfully honest himself, and he expected that 
quality in others if they were en engineers. ‘If they are not honest, let them a 
try ry something other than engineering,” was his slogan. a 


he In 1916 he was married to Evelyn M. Ayres, secretary of the civil engi- 


‘neering department at The Pennsylvania State College. In so doing he 
x showed the same keen judgment that marked his dealings | with men. By - 
-virtue of conscientious team work their home life typified everything that 

intelligent people are ‘supposed to attain. Almost all of it was in 1 Washington, 


at first in an apartment, then in a small house of their. own, and eventually | 
: into a more spacious home, where Dean Lapham lived for the last ten years. = 24 = 
could be found students, “neighbors, of- town -friends—it- 


Wa 


a 8 In the home was real hospitality and in the hearts of the Dean and his ~ . 4 
- family there was much genuine friendship, the kind that showed itself in ie 
% many concrete acts of kindness or beneficence, as many needy student found 
out to his satisfaction. It was only natural that many friends should con- 
gregate there, where one was sure to find good fellowship, good food, a 
books, and good fun. On the frequent occasions when the Dean would set 
out on a . foraging expedition . for the family, he was almost sure to. return 


with a bouquet of flowers, if nothing else. He loved them, although not him- ae 
Dean Lapham was member of Acacia fraternity, in which he he took great 
interest. He was an early member of Sigma Tau, an honorary engineering 
fraternity ; a member of the Washington Society of Engineers; the Society Be ae: : 
for the Promotion of Engineering Education; the American Concrete In- 
sti tute; and the Charles River Lodge of Masons i in West Medway, Mass. He 


was much interested in t the Student Chapter of the at 
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a c education was as received in the grade and high schools at Manistee. 7 In 1006 


sense strict integrity was such ‘that for : yoins 

saw no need of affiliating with any church. As his own children were grow- eo i 


up, | he faced the matter again v with equal cai candor. He joined the Methodist 


age af 


_ing him, his pastor gave this penetrating picture of his character: 


tial “He was not saintly, nor would anyone call him pious. But he was ie 
LENO genuine, he was sincere, he was fair, he was generous, he was wholesome, — 4 


In a word, he was just plain good—this we 

oer: a? The funeral service of Dean Lapham 1 was a revelation, and a reflection of a 2 

great an investment of friendliness can be put into one abbreviated 

Thanks | to his good constitution and abstemious habits, Dean Lapham > 7 
"enjoyed continuous good health. He died on October 2, 1939, after a week’s % 


illness, following an operation. — Hei is survived by his mother, Mrs. Alfarata Bi ; 


Lapham, and a a brother, ‘Mark Lapham, of West Medway, Mass.; 


4 

; a Dean Lapham was elected a Junior of the American Society of Civil — 
_ Engineers: on November ‘8, 1909, and an Associate Member « on April 16, 1918. ae 


HENRY AMBROSE LARSEN. Assoc. M. Soc. C. 


ade Henry Ambrose uaid was born at Manistee, | Mich., in 1884. His early at 


all 
the “degree of Bachelor of Science Civil Engineering, and 


accepted a position with the Great Engineering Company at Detroit; 


In 1908 he | headed for the ‘Pacific Northwest. In. Portland, Ore., 
cepted a position | with the firm of f Doyle and Beach, handling | their structural — 


ee | 
; engineering work. ‘Many of the older steel frame structures in this city are 
= ee Mr. Larsen was ; married to Alice Gregory, i in ‘Bay City, Mich., on J sigh 


3 18, 1911, and returned with his bride to Portland. 
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= accepted @ position Wl he L. A. Norris Company at 
Francisco, Calif, and in 1918 was transferred to the Los Angeles (Calif.) 
as manager. During these years he became identified with the sale and 
distribution of “Clinton” electrically welded fabric. When the Wickwire 
— 


Spencer S Steel Company decided to this in 1919, Mr. 
Larsen transferred to the -Wickwire Spencer organization. le 
the carly 1920s he accepted a position with the National Steel Fabric 
subsidiary of Pittsburgh ‘Steel Company, as its ‘Pacific Coast 
Manager with headquarters i in San Francisco. His duty w: was to ae 


occupied at the time of his death. te aD 

Ffeinie was a man’s man, good to know, worthy competitor r with 

a avs sense of fairness and honesty and integrity in his relationships with 

others, which made him outstanding and respected among his 

bi. los associates, friend or foe. The fabric industry of the Pacific Coast has 

been fortunate for two decades in having such a man in its midst 


o! Mr. Larsen’s sudden passing on April 1, 1939, in San Francisco, came as a 
shock to his associates of Wickwire Spencer Steel Company and his “rege . 
friends on the Pacific Coast, as well as in eastern circles. 


Dip DecemBer 23, 1908), 
arene, Paid si 


Daniel Collins Lipscomb \ was born in Fort Worth, Tex., on 30, 
1887, the son of William Lipscomb : and Vi irginia Collins Lipscomb, who 1 were 
well-known educators in the The William Lipscomb School, 
e-: school in Dallas, Tex., is named for his father. His mother was prin- == 
cipal of this school for many years. Mr. Lipscomb received his early educa- » Soa 
tion in the public schools of Dallas. Later, he entered the University of | "a 
‘Texas at Austin, Tex., from which he was graduated in 1909 with the degree 
of Bachelor of Science in Civil Engineering, = 
From June, 1909, to September, 1909, he worked as a for the 
a Chicago, Milwaukee and St. Paul Railway Company of Chicago, Ill. In Sep- 
ff tember, 1909, he became an instructor at the University of Texas, teaching in me 4 
the engineering department for one year. May, 1910, he accepted the 
: tion of superintendent for the Standard Engineering | and | Contracting Com- — = 


/ __  4Memoir prepared by a Committee of the Fort Worth Branch of the Texas Section con- 
is: sisting of W. O. Jones, Chairman,.Joe J. Rady, Members, Am. Soc. C. E., and C. J. Hark- 
& rider, Jun. Am. Soc. C. 508 
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pany y of Dallas, working on concrete bridge In 1910, 
- at the age of 23, he became assistant engineer for Hedrick : and Cochrane, engi- 7 


a <a neers of Dallas, in the construction of the Oak Cliff Viaduct, an ——/ 


feat of ex engineering at the time of its. erection. my 


"charge of the Fort Worth water “supply « during the year of 1911. ‘Th 1912, he 


became resident engineer for the Southern Traction Company at Waco, Tex., 


My. Lipscomb resigned from this position to become city engineer of 
‘Durant, Okla., a position which he held for two years. _ He was in charge a x 
"supervising y street paving, and sewer er and water lines. — Then, in 1921, he: trans- a 
- ferred his services as city engineer and water superintendent to the City of Be 
Denison, where he worked for two years. In 1928, he became an inspector - | 
the United States Fidelity and Guaranty Company of Dallas. paid 
In 1924, he worked for five months as assistant engineer for the Bureau of © ei 
ig 4a Public Roads and then worked t the next five months as maintenance f pros (i 
the State Highway Department of Texas. In April, 1925, he was employed 
ie the American Road Company of Dallas as superintendent but gave up this * : 
position i in December to become superintendent of streets for the City of Fort : 
Worth, which position he held until his death. His work included the super- 
vision, construction, improvement, and maintenance of all streets, and the 
s meet of garbage collection and disposal. He was a lic licensed engineer in Sa 
Lipscomb was an excellent engineer ¢ and man of fine personality and 
ideals. He was highly esteemed as an efficient public servant and his loss 


He i is survived by his wife, Fra Frances (Wolfe) Lipscomb, to whom he was 


married in 1917. Mrs. Lipscomb was the daughter of Frank and Sarah Wolfe. 


‘Lipscomb was elected an Associate Member of the American Society 


| Civil Engineers on August 31, 1915. xi Too 


SEYMOUR McKIBBEN, Assoc. M. Am. Soe. C.E 


tating McKibben was January anuary 6, 1878, in Town- 

¥ ship, Trumbull County, Ohio. The eldest son of Seymour M. and Lydia 
ms (Smith) McKibben, he received his early education at the local schools of the 


by P. Brown, M. Am. S8oc.C. BEB, rok 
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— J Board of Engineers as assistant engineer under Maj. John B. Hawley, M. Am. eS g | 
4 Soe. C. E., in the construction of the Lake Worth Dam. In 1914, he became q 
oa a engineer for J. C. Field, consulting engineer of Denison, Tex., and held this $— 
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MEMOIR | OF WILLIAM FRANKLIN 

township and the Newton Falls, Ohio, grade schools. He was rc 

. Ohio Northern University, at Ada, Ohio, i in 1896, and took postgraduate > study 
Wooster College, at Wooster, Ohion 

Before graduation, a nd continuing until 1901, he was engaged in survey 
work during the summer, and teaching in the local country schools during 

the winter seasons. — During 1901 a: and 1902, he taught school in Oklahoma, in ved 

- addition to engineering and survey work for the Missouri, Kansas and Texas _ 

; % Railway Company and the Rock Island Railroad Company, and for irrigation _ 


‘projects in Oklahoma. From 1903 to 1905, he was engaged in ‘survey work 
for ‘the Baltimore and Ohio Railroad Company in Ohio, and : as assistant 


‘From 1905 to 1909, Mr. McKibben was in | private engineering practice in 
‘Trumbull County i in . charge of reservoir and contour surveys and all prelimi-— 
mary and field work in connection with the construction of three hydroelectric rs 
plants about 18 miles of high tension lines” of the Hydro- Electric. 
1g Gas Company of Warren, Ohio. _ He then served from 1909 to 1913 as county = 
engineer in Trumbull County, and during 1914 and 1915 was city rage 
- at Warren. He was ; again i in private ¢ engineering practice from 1916 to 1929, 
but acted as engineer for the Village of Newton Falls from 1929 to 1935. He ae 
: returned to private engineering practice at Warren in 1935, and continued i in ae 
this work until his death. While « engaged in a field | survey in the county, ea 


he suddenly passed away on April 12, 1939 


In addition to his ‘professional practice, Mr. was interested in 
Civic affairs, and served from 1922 to 1933 on the Board of Education of the Po “wa 
City of Warren. He was also an active member of the Second ‘Christian 
Church, and, among x other activities, was a valued member of the church choir. ef es ar 
..: - He was married on November 15, 1902, to Bertha Musson of Ligonier, ae 
with four sons, four daughters, and nine grandchildren, Survives b him. 
7 He will be ‘remembered a as a conscientious and dependable engineer, a de- 
ss voted husband, father, and grandfather, a worthy citizen, and one that recog- ‘ea a ey 
4 nized his obligations to the community and to his profession, and fulfilled — ey ms 


Mr. ‘McKibben always had a deep interest in and appreciated his ‘membe 
.2 in the American | Society of Civil Engineers, although he did not take — a a 
an active part in its affairs. Men was elected an Associate Member of the — ie 

Soci e 
LIAM MILLER, Assoc. M. Am. Soc. C. 


William Franklin Miller was born on June 21, 1880. y He spent the earlier ie 


years of his life in Philadelphia, Pa., and came from a family that ecioled - 
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Civil E gineers on May 31, 1916. 


thoroughly along r eivie ‘and throughout his 
—- entire life he responded conscientiously to this earlier training. pabiine oie. 
H _ He obtained his engineering education from courses of the International aS 
Correspondence § School, and through attendance at night classes of the Whar- — 


School of the University of Pennsylvania, at West Philadelphia, Pa. 


-sylvania Railroad Company, ‘who were 3 attracted to him b y his energies and 
as a young man. He was a hard and worker during 


his. entire career, and was highly regarded by his Pennsylvania Railroad asso- ey 
Miller spent his entire professional career, commencing in in 1903, with 
Pennsylvania Railroad Company. He through the rod- 
2. ‘man, transitman, assistant supervisor (track), division engineer, and engineer 
| maintenance of 1 way. ne He was assistant to the chief engineer, maintenance 
a way, Eastern Region, at t Philadelphia at the time of his death. . While a 
occupying these positions Mr. ‘Miller was engaged in a great variety of engi- 
“neering: work, which ranged all the way from simple ‘surveys and design 
small structures to the prosecution of reconnaissance surveys in the mountain | ts a 
territory of the Pennsylvania System ; and design of such major structures as . 7 
= branch lines, plans for new freight yards, and changes i in existing 
: freight yards. _ Following 1 this experience, Mr. Miller devoted his attention to a 


m aintenance of wa way work in which he demonstrated outstan nding ability, 


i Pe which resulted in his being advanced to the position of engineer of main- 


és iy ‘With the passage of ‘the Valuation Law in 1913, he was called upon be & 
‘Pennsylvania Railroad Company to perform special duty i in conjunction with ; 
Federal Valuation Officers, which first involved field inventory of the 


ee property, and later the compilation of considerable cost data. His wide ex- 
af perience and knowledge was of considerable value, both to the ‘railroad com- 4 


= panies and the Bureau of ‘Valuation. | During the disastrous fire at the Broad a 
‘Street Station, i in in Philadelphia, on June 11, 1923, he rendered valuable service a 4 


of an emergency nature in restoring traffic at that terminal. al éjISM, wee q 
Miller, wherever ‘located, always engaged i in matters civic interest, 


er Pe Miller had tv two sons to whom he was devoted, and the interest he dis- 


a played i in them reflected his own _ home training. 


Mr. ‘Miller was elected an ‘Associate Member of the American Society 
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ever “into the of ot the Wie 
Herbert Hoover into the Engineers’ Society of ‘ 
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BO, OLMSTEAD, Assoc. M. Am. Soc. C AW 
~ Bri Olmstead was born in Portland, ‘Mich, on October 12, 1885, the oon <a 
of Allen and Elvira Olmstead. He received his ‘early school training in thet a 
city and was graduated from the Portland High School in 1905. He entered p= 
the University of Michigan, at Ann Arbor, Mich. ., in 1907, and completed the he 


civil engineering course in 1911. bint oft 


Olmstead began his engineering career in in July, 1911, as a surveyor 
and map maker for the Bermudez Company, a . subsidiary of the General ¥ 
q zi Asphalt Company, i in Venezuela, South America. _ This temporary assignment _ 
completed in December, 1911. He returned to the United States and 
“a i accepted a position the following month with Stone and Webster Engineering 
Corporation of Boston, Mass. For the following two years he acted as drafts- 
man, surveyor, and ‘designer for ‘many important undertakings which this. 
pany had in progress at that time. From 1914 to the middle of 1916 he acted 
in the capacity of chief checker for Stone and Webster on the new buildings aM 
which the Massachusetts Institute. of Technology : at Cambridge, Mass., was 
Beer tines at that time. Immediately thereafter he represented this firm as _ 
-Tesident: engineer on the construction of factory buildings for the Simplex 


‘2 Wire an and Cable ‘Company, and the Boston Woven Hose and Rubber Company. — 


>. 


the Harry M. Hope Engineering also of Boston, as resident 
a engineer in charge of construction of a complicated boiler house and 1 pumping a a 
te station for the Fisk Rubber Company, a power station for the Union Street z 
‘Railway, at New Bedford, -Mass., and a factory for the Schuhle Grape J ae 
Company at Highland, N. work occupied his complete time “until 


Refining Company, at Shreveport, Ia., and Mr. Olmstead was appointed 
superintendent and engineer in . charge of construction. _ This work was Mr. a 
last assignment with eastern engineering firms. 
Es Leaving Boston in the fall of 1921, he went to Detroit, Mich, and accepted : 9 
position of general dint of construction for the J. A. Utley 
Company of that city. He was with this company until the spring of 1925 re 
and completed many fine factory buildings and residences of the better class. 
* In March, 1925, the ¢ general contracting firm of Beyster and Olmstead, Inc., “% 
was founded in Detroit with Mr. Olmstead as president. This contreting 7 
_ organization, although no longer existent, is well remembered among the 
a struction fraternity in and around Detroit where most of their work was done. : 
_— September, 1934, ‘Mr. Olmstead accepted a position as resident engineer 


i inspector with the Federal Emergency Administration of Public Works 3 
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plete waterworks projects at Port Hope, and Standish, and on the construe- <a 
_ tion of the new elementary school building at Mount Pleasant, all in Michigan. ; 

F ollowing this, his work covered the 1 new hospital addition built for ee 


construction Jobs the passing ‘upon th the work 
done on the many projects, instructing and acquainting new eng engineer 


va 


eo the field and its construction probl 


af 


will be | a distinct loss to his band friends and associates, po within, and = 
vig Fal ODS 


widow ; his daughter, Barbara; and as sister, Erdman. 
. Olmstead was elected an Associate Member of id American Society 


Victor Smith the ‘eon of the Rev. Hivero Persons, D.D. 
and Gertrude (Reed) Persons, was born on ‘December 5, 1878, at 

hio. His ancestors, on both sides, « came 1 from England and settled in ce 7 
After completing his ea arly school training, ‘Mr. Persons entered Ohio 
“Wesleyan, University at Delaware, Ohio, in 1895, and was graduated with the 
degree of Bachelor of Arts in 1899. Later he attended Armour Institute of 
ae Technology at Chicago, Ill., and was graduated with the degree of Bachelor 
of Science in 1902. In In this same year he was given t the degree of Master of 
Arts at Ohio Wesleyan University. A few 3 years later he served as instructor 


for and received his Master’s degree of Civil Engineering i in n 1907. 
_ Immediately after graduation from Armour Institute he entered the al * 
a _ ploy of Noble and Modjeski, and for two years was connected with the con- 
BE é struction of the Thebes bridge over the Mississippi River at Thebes, IIl., first = 
3 Memoir prepared by C. B. Hopkins, Assoc. M. Am. Soc. C, E., and Otto G. Hintermann, 
Bsa. Certified Architect, San Francisco, Calit wilt, “ot 
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ye 1904 he joined ‘the staff of the the 
and Research Department, and was was detailed as e ; engineer er of excavation for the — 
_ expedition i in Mesopotamia and Egypt, remaining there for two years. _ 
> Te Upon | his return to the United States he was employed by the City a 
a Chicago as engineer er on tunnel construction. ‘0 He became interested in the 
then rapidly developing reinforced concrete industry and joined the staff _ 
Corrugated Bar Company of St. Louis, Mo., first as estimator, then 
designer of all classes of reinforced ‘comerete Later he was sent 
to Ore., by the Steel Products Company of Chicago, there 


_In 1912 Mr. Persons settled in Francisco, Calif., his 
_ in reinforced concrete design and development of steel reinforcing ma- _ 
terials, his principal connection being ms the L. A. Norris Company in the 
promotion and sale of Clinton Wire Cloth Company products. The develop- 

ment of 1 many new uses for these products, and allied ones, was s the result of — 
his imagination and ingenuity, 
; oad From 1920 20 until his his death Mr. Persons operated his own 1 business, ie: 
tinuing his engineering design an and doing his sales engineering ‘work under the | e: 
q " firm names of Persons, Dwan and Company and finally as The Persons Com- tae 
‘pany. In his sales engineering work he represented, on the Pacific Coast, a. 
q some of the outstanding national building specialty manufacturers. _ 
+ oon Mr. Persons’ career as a student, teacher, and engineer was marked by his 
2 devotion ‘to the problem at hand, and by his conscientiousness and Vaceuraey. 
In his business relationships he assumed a broad spirit of fairness and was s : 
above reproach in all his dealings. He was a bachelor, and is survived 1 by oa 
Alice Lora Persons, and two brothers, C. and V. J . Persons. His 


Tecreations were simple and wholesome, and incited bridge, golf, fishing, 
Me Persons was a of Delta Tau Delta, fraternity, and Phi 

2 3 Beta Kappa, scholastic honor society. He belonged to the Olympic Club, the 


‘CHARLES ARNER RUGGLES, Assoc. M. ‘Soc. C. E.! 
EPTEMBER R 6, 1938 


Charles was born in Canfield, Ohio, on May 30, 1868, the 
son of Horace Greeley Ruggles, of Canfield, and Amanda C. (Hoyle) Ruggles, re 


by B. W. Robinson, Assoc. M. Am. Soc. c. 
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RUGGLES 


‘ta’ “(the son of Thomas of Sudbury, Suffolk, England), who came to the United 
= ‘States: with his wife, Barbara, : and son, John, in the ship, H Lopewell, and ‘settled : 
ré Mr. Ruggles’ great grandfather, Azor Ruggles, was born and brought: up 
in Brookfield, Litchfield County, Conn. He was a millwright and went to 
- Ohio on horseback in 1810 for the purpose of doing some work for J udge 
Canfield. _ After remaining a year he returned to Connecticut and in 1813 
- took his wife and ie children to Ohio in two wagons and settled permanently * 
His Chases, wea: a land surveyor and lawyer and his father a 
“was also a member of the Ohio bar. | The latter served as a corporal in Com- q 
pany H, 105th, Ohio Volunteer Infantry, in the Civil War, and after prac- 
7 -tising law i in Canfield for a number of years, moved to Wichita, Kans., with a 
bis family in 1874, where he was admitted to the Kansas bar and became a 
Charles Arner Ruggles received his. early education in ‘the schools 2 
Wichita, was graduated from Lewis Academy, and took an engineering course 
at Garfield University, at Wichita. On completion of his Schooling, about 
of 1890, he ‘secured a a position ‘as architect and assistant engineer with a firm in _ 4 
= _ Middlesboro, Ky., and was transferred from there to its office in Knoxville, | 4 
‘Tenn. When a a better opportunity was offered | him by the Chicago Ornamental — 
Tron Company i in 1892, he joined their forces, remaining with them about three a 
Fro om m Chicago Mr. Ruggles came ¢ east, in 1895, and held ‘positions as 
t _ draftsman and designer with various ornamental iron works until 1897, when 
. he became manager of the New York office of the Brown Ketcham Iron Works | 2 
of Indianapolis, Ind., in _ charge of all work east of Pittsburgh, Pa. tO ea a 
He remained with the Brown Ketcham Iron Works for five years and in a 
1902 became manager of the New York office of the Columbian Fireproofing a 
| of Pittsburgh. In 1907 he was made “manager « of the New ‘York 
Office of Cramp and Company, on a4 


ae. In 1910 Mr. Ruggles had an opportunity to go into business on nh é own 


account, in New York, N. TS , and he organized the firm of Ruggles- es-Robinson 


, dent of this firm, retaining the office until his death. _ During his last years 
_* was not active in business, but devoted most of his time to the management — 
of his personal atid faitifly affaits. 

was a man of modest and self-effacing character ; ‘he shad few 


= Company to do general contracting and building business. He became presi- 


of his escapades during vacation in n Indian ‘Territory; “of his Militia se service 
“ in the nay National Guard; and of his membership in choral societies — 
His one hobby i in later life w was his ; garden and orchard, to wie 
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MEMOIR OF HERMAN SC 


"ability and fairness in techtiical and business matters was. outstanding. 
Mr. Ruggles was married to Florence G. Clark on March 3, 1908, in New im i 
“ ork City. . He is survived d by | his: widow, a a daughter, Jean Campbell, and . 
At the time of his death he was a director of Charles and Company, = : 


of the Apawamis and Manursing Island clubs of Rye, N. Y., and 
since 1903, a ‘member of Albion Lodge No. 26, , Free and Accepted 


ey Herman Schneider was born at Summit Hill, Pa., on September 12, 1872, 7 Wee 
the son of Anton and Sarah (Wintersteen) Schneider. At an early age he te ; 
Started | to work as a breaker boy in the coal mines and, before | e entering col- wee 

lege, he had worked 2 as a helper on a construction gang and on ‘survey parties. 
_ _He attended Lehigh University, at Bethlehem, Pa., from which he was 


"graduated in n 1894, erp the D Degree of Bachelor of Science i in | Architecture. — 


extremely beneficial i in to ‘utilize the taught i in 1 the class- 
room, and gave him a marked advantage at graduation over those students — 
ah who had pursued academic \ work alone. This fact so impressed i itself upon him = 
ae that he never forgot it, and it was the idea born from this. joint work and 
& school program which influenced all the remainder of his life and led to the 
ta After graduation, Herman Schneider entered private practice as an archi- q : 
tect in Cumberland, Md. During the three years that followed, he designed — 
a about three hu undred buildings and superintended the construction of about oy 


seventy-five of them. In October of 1897, he with the 


a 
4 


a young Schneider. ~ That was the lack of p practical knowledge shown by the 
bs Be young college graduates with whom he was associated. With the keen instinct 
e of the scientist, he was already seeking a solution for this | problem, and ‘the 


=o answer seemed to him to be found in some combination of practice and aie, 


_ 4Memoir prepared by a committee of the Cincinnati Local Section consisting of Ray- 
mond W. Renn, Assoc. M. Am. Soe. C. E., assisted by Prof. Clyde W. Park, Head of English — 
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such as had bond his own personal experience when he ends 
eC on Saturdays in the architect’s office at South Bethlehem, while attending — 
— Lehigh University. He decided to place this idea before qualified educational y 
Hence he welcomed the opportunity of becoming connected with the faculty 
2. ‘of his alma mater, and accepted an appointment as instructor in the Depart- 4 7 4 
ment of Civil Engineering i in September, 1899. For four years, he continued j 
a as instructor at Lehigh, and during | most of this time he actively sought the : oe 
; adoption of his idea of practical training to supplement the academic work — . 
ik at the university. The task of changing the educational system of an estab- y 
lished engineering college was too much for a young instructor, however, and e y 


so in 1903, Schneider decided that | the best procedure would be to carry his — 
e idea to a newer institution. _ The obvious fact that such an idea stood a better — a 
a chance of success if applied in an industrial center, where the school and te, 5 


shops existed side by side, became more evident. 
“ia So, in casting about for the best location for such a school, he found « a 
iiversity of Cincinnati, at Cincinnati, Ohio, and i in 
1903 he accepted a an appointment as Professor of Civil Engineering at that a 
institution. F or three years he worked diligently, losing no chance to forward 
his ‘idea of cooperative education . Final inally, in 1906, . the Board of Directors _ 
of the University of Cincinnati approved the adoption of the ‘cooperative a 
system as an experiment, the continuation of the approval to depend upon its 4 ¢ 
success. _ At the same time, ‘Professor ‘Schneider was appointed Dean of the 
3 College of Engineering : and was given ‘full responsibility for the execution of = 
In 1906, first class” of cooperative students was formed 
Dean Schneider's guidance. it consisted of 27 students in chemical, 


with he attacked his | problem, 
- this point, is largely the history of iin cooperative system of education, and 1 the ; 
history of the College of Engineering of the University of Cincinnati. yt = 
1911, the University of Pittsburgh, at Pittsburgh, Pa., conferred upon 
- Dean Schneider the degree of Doctor of Science. _ From 1911 to 1913, he was 
_ a member of the Committee on School ‘Inquiry of the City of New ‘York. we. 
important part of this work was the introduction of the 


In 1917, ‘Dr. Schneider accepted the appointment as Chief 4 
“the Industrial Service Section of the Ordnance Department, a new bureau 
os handled for the Ordnance Department all labor and employment matters & 
a> 3 4 relating to production i in arsenals and private ma anufacturing plants. . In this he ‘3 
v2 department he had to deal with labor problems which arose from handling =f 
contracts approximating $2 000,000, 000 in connection with the 
In February, 1918, he was chosen to represent engineering schools” as a 
‘mapher of the advisory committee for the Committee on Education and = 


Special This Committee, appointed by the Secretary of War. was & 
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a a tine to do a great deal of writing. He was the author of “ Arthur McQuaid, yi 


“chan with the responsibility of training 90, men of the National 
tional and scientific development at ‘the University of Cincinnati, ‘for which 
fe Schneider was responsible. In 1919, cooperative courses in commerce were 7 ; 
- faangemaee and the College of Engineering became the College o f Engineer- _ 
+ ing and Commerce. In 1920, organized research work “ne begun by the open- 


of Landscape Architecture, Decoration, Art. Applied to 
ean and Ceramics. In 1924, a Resource Survey was begun which cov- 
ered the territory within a radius of 300 miles of Cincinnati. In March, 1925 2 
- the Lithographic Research Laboratory was started, and in 1926 the Basic se 
- Science Research Laboratory which dealt with the combining and correlating = 


¥ 
and the Director of the College. 

In 1928, after much persuasion, Dr. 
o “activities from the Dean’s Office i in the ‘Engineering College to the President’s 
Office. Although he agreed to this change only upon the condition that 


After the war, there followed a 


q 


was to be relieved of the duties as soon as possible and returned to the ac- © 
in which he. was most interested— scientific ‘development a and ‘Coopera- 


tela 1931, Dr. Schneider and Prof. Ses Sperti announced the pO 
of the method of irradiation of vitamin D by the application of selective ultra- 
oar} violet rays, a discovery which has important bearing on increasing the nutri- 


University of Cincinnati conferred ‘hie Doctor of Laws on > 


Dr. Schneider in 1933 and made him President-Emeritus of the University. — 
Be At the time of his death, Dr. Schneider headed the College « of Engineering and ] 
= Commerce, the Institute of Scientific Research, the School of Applied Arts, 
and the Evening College of the University of Cincinnati. in addition to 
E., President and Director of General Motors as 
( enedtens on the Walter P. Murphy Foundation, in the establishment of a 


new Institute of Technology at Northwestern University, at Evanston, Ill. 


a toe _ Although Dr. Schneider’s life was essentially a life of action he still found a 2 


American,” ‘consisting of six short | stories published in the | American Maga- ; 


gine. of them were placed on the Honor Roll in Edward J. O’Brien’s 


4 list of the best American short stories in 1917. Other works consisted of , 
and Industrial Peace,” published in 1912; “Education for 
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| Bg q of Applied Arts was added to the cooperative group of the University by the — r s 
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under the close personal supervision of Dr. Schneider, he became, in 
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dustrial Workers," published i in n 1915; “The Problem of Wocaticnal Guidance,” 

=< = May, 1938; essays and contributed editorials for the Engineering } News- s-Record ce 
Se : and the Cooperative Engineer; and numerous articles on educational subjects. a | 

_In 1981, the Cincinnati Institute of Fine Arts awarded Dr. Schneider the 


: 7 Sachs Prize for outstanding achievement during th the year 1981 in the field of 


; literature, art, and science. In 1936, he ws was awarded the Lamme medal by b> fe 
the Society for the Promotion of Engineering Education. He also served | ‘ae ee 


on the Advisory Council on lied Physics of the American of 


ay: Dr. Schneider was a member of the Society for the Promotion of ‘Engineer- — é 
ing Education ; the Engineers’ Club of Cincinnati; and the e Commercial ( Club — 
and Carbon Lodge No. 242, F. and A. M., of Mauch Chunk, Pa. y eraorttpe recs 


On July 27, , 1904, Herman Schneider was married to Louise Bosworth at * 
Cassopolis, Mich. They had no children. ‘His widow surviv eshim. 
“sis Dr. Schneider v was a Presbyterian. A brief glimpse of his philosophy of 
life may be had from the following public statement:* 
a" > “You can’t go very far in modern science, groping toward an under- 
to - standing of its absolutely perfect laws, without being forced—to your 
— knees, I almost said—to the conviction that back of the whole scheme of 
things there is a most amazing Divine Intelligence. = 
res _ ©Try to grasp some of the facts of astronomy and of astrophysics: 4 
ad of little patches of our sky containing hundreds of thousands of s —— 
much greater than our own, of our galaxy of stars one hundred million 7 
_ Tight years across, and some billions of light years beyond, other galaxies a fi 
and super-galaxies; then consider the solar systems which we call atoms 
‘chp —and let your mind run through the whole pulsating mystery of what we Et ; 
call ‘matter’ from the whirling electron to the super-galaxies, all held aq 
<i bewildering balance and movement by absolutely perfect law * * * well, 
fi _ if you grasp only a little of that, you just slough off your egocentric trends 4 
is. to personal acquisition of this and that, and try to get into the swing of 
am the great movement of which you are a little part; and you strive to a. 
_ your work conform. You get the feeling of infinite progress in scoordamee a 
re with a wonderful pattern which you can barely sense but which you can’t @ 
j Throughout an arduous and busy life, Dean’ ” Schneider, as he was always 
ie ae ‘ referred to by the students and by his associates, remained accessible to the 
least of them. 4 Nothing gave the Dean ’ more pleasure than to have a stu- 
B - dent come ‘to his office and there, i in “quiet ‘and privacy, pour out his troubles, a 
7. and i in turn listen to the timely and wise advice which Dean Schneider was — 


able to give from the wealth of his research and experience. 
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| 


in man’s estate, to the hand of 


Infinite, whose ae and wisdom were to his eyes so evident in the scheme 
it 
J Dr. Schneider \ was ‘elected an Associate Member of the American’ Society 


Civil Engineers on April 2,1902. 
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: - The opening paragraph of the resolution adopted by the Cincinnati Section 
; ee the Society, upon his death, fitly pays tribute to his qualities: = ~~ | 
an 
The 
A 
8 Engineering News-Record, June 10,1926. 


MEMOIR OF | CROWLEY scot’ 
“REGINALD CROWLEY SCOTT, Assoc. M. Am. Soe. 


Reginald Crowley Scott was born at Philadelphia, Pa. 23, 


+1892, the son of Valentine and Sara A Scott. He was educated i in the Phila- ¢ ey” 
delphia public schools and was graduated from. the Central Manual 
: ‘High School. Later he attended evening classes in engineering subjects at 
Drexel Institute Technology, a at Philadelphia, from which he received 


Certificate in the Collegiate Course in Engineering. . 


In June, 1910, he was employed as a rodman by . Young, engi- 
e neer of of Philadelphia, In October, 1911, he became a rodman and later a chain- 
man with the Pennsylvania State Highway Department in the Philadelphia 
District, being subsequently — transferred to the Bloomsburg District as a 


bids 
Two years later Mr. Scott was by | the City of Philadelphia in 
the Department of City Transit as a rodman. advanced to the ranks 


tablishing lines, grades, ‘and layouts necessary the construction ‘of 
a Frankford Elevated high-speed electric passenger line and for future ae 
ais In fa 1924, he was engaged by the Real Estate and Construction 


_ Company of Philadelphia as managing engineer on general construction | work, — 
dye returned to service in the Department of City Transit, in June, 1924, ore 


advancing i in June, 1936, to the rank of senior assistant engineer, which rank 
he held until his’ death. As assistant the: division engineer he vy was 


sponsible for the. supervision of. lines, grades, estimates, records, and con- 
struction of portions of the Broad Street, Ridge Avenue- Eighth Street, 
treet and South Broad Street subways and appurtenant work. bon 

.s _ Mr. Scott’s career in the engineering profession was notable because of +5 

z his strict t attention t to details of his work, careful study of construction prob- 

Tem, loyalty to his employer and associates, and a broad spirit of fairness to 

who through business came in contact with him. He possessed 


He took an active interest in the work of the Philadelphia Section, having iz ¥) 
hem elected to the office of Secretary- Treasurer, which office he held at the - an 

a time of his death. He was a Founder Member of the Pennsylvania Chapter 
oof the American Society of Professional Engineers, 8 =. 
.— August 25, 1926, Mr. Scott was married to Alice A. Newis, who sur- ae 


vives him. Also surviving are e his mother, his" sister Emma, and : a rother ys 
Mr. Scott was elected ¢ an Associate Member of the the ‘American of 


_ 4Memoir prepared by Charles H. — Soc. 
— 8. Am. Soc. C. B. 
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ALEXANDER 3 JENIFER TAYLOR, Assoc. M. 


FEBRUARY 27, 1940 


Alexander J enifer Taylor was born in the town of on 
exander J. and Wilhelmina (Baynard) Taylor. 


His early edinnation was received i in ‘the private and public schools of his isi 
town. In 1889 he entered Delaware College (later the University of Dela- 
ware), at Newark, Del., and wa was one of the thirteen who graduated four 
ea being valedictorian of his class and the youngest in his class to receive a 


bald of the City of Wilmington, and a year later became the assistant 

an of th the ‘Street and Sewer Department i in charge of the drafting room, ‘ a 

At the outbreak of the Spanieh- American W: ar, Mr. Taylor joined t the Dela- 
volunteers and became Captain of Company M, ” Sixth Regiment. 
close of the war, he resumed his engineering ‘studies at Massachusetts 
a Institute of Technology, at Boston, Mass., , graduating in 1901 with a Rais. 8 


<7 


seo 


o 


‘He returned to Wilmington, but soon became interested in the possibilities 4 
i i <a eee of sulfur deposits in Alaska. He joined a group of engineers to make a sur- _ 


be = vey there and acted as assistant to the engineer in charge o of that survey. Due — 
4 


to financial difficulties the ¢ group returned to Wilmington n after five months i 
Mr. Taylor immediately resumed his engineering ~work with the 
Street and Sewer Department. From ‘September, 1902, to December, 1903, 
he was with the late T. Chalkley Hatton, M. Am. ‘Soe. C. E., 
a. as assistant engineer on design of water and sewerage systems for sev- 
eral towns, having had charge of construction | of water works in Hammonton, 
= and N. J.; street paving in Frederick, Md.; and Price’s 


am & = 


and Company. ‘His engineering ability and ability w were soon recog: 


7 nized by the du Pont Company, and he was placed in f construction — 4 a a 
of the Kennett Highway, one of the early reinforced adie roads in the 4 4g 
state, improved by P. S. du ‘Pont. acted as as assistant and as 


i 
4 
L 
a 
A 
a 
tember, 1906, Mr. Taylor was engineer and superintendent for park commis- 
-sioners, in Wilmington, in charge of maintenance work and of designing and 
eonstructing driveways, paths, swimming pools, and bath houses. 
= j= Yn 1910 he was appointed city engineer for Wilmington, which positionhe — 
] 
eer at Gibbstown, N. J. (Repauno plant), and Arlington, N. J., in charge 3 = a 
me of construction work on industrial plants. At this time, Mr. du Pont was ie 
is ies looking for a capable man to help administer the state-wide important schol $f : 


{EMOIR OF ALEXANDER JENIFER. TAYLOR 
h 


building pr program planned for Delaware. 


Although Mr. Taylor’s life work was varied, ay 

his state was his keen interest in the construction of public schools throughout 

‘Delaware during the period when the school building program was being im- s 

proved by the Delaware School Foundation and Delaware School Auxiliary. as 
Mr. Taylor’s thorough knowledge of civil engineering and his experience in 
this branch of the work established him as an outstanding authority on school — 

He became vice-president and chief engineer the Delaware 
School Auxiliary which was linked with the Service Citizens Association of 

Shee 1927, when the Service Citizens went into history, the Dela- 

= School ‘Auxiliary continued under the name of the Delaware School 

; Foundation; and upon the death of its } president, J oseph H. Odell, , in 1929, 


the 1 major r work of the Foundation had been completed. 
As an alumnus of the University of Delaware, with degrees of Bachelor 
x f Science in Civil Engineering and Civil Engineer, he was one of its most es; 

members. His keen interest and open enthusiasm i in all activities and 


se associates and those interested in the educational work of Delaware. The ma 
a well-equipped gymnasium at the university was named in his honor, and he | 1s 
was serving as a trustee of the university at the time of his death. pee ROY 


wi It was the custom m of Alexander J. Taylor to devote himself energetically 4 


well both public and private ‘interests during his entire 
As of the Delaware School F oundation, Mr. Taylor’s ‘name will 


by his fellow He was a willing, cheerful, and helpful 
pant in those public: that to him to in the 
It it was without t hesitancy that, with this ‘record of reliability and com- 


‘in gu guiding out of prohibition. Where he had o once in 
_tectural: and engineering circles , Mr. Taylor, as the commissioner's 
Secretary, found himself in “almost a ne 
: Se ‘strange pea for his fairness and intelligent grasp of the problems. — 
his health became impaired, but he continued in his position as oniciltes 


His sudden deapite the fact that 


— 

Ned by Mr. Taylor, 
= 

— 
4 
| 

— 

4 ganization for modernizing the state’s public schools. This undertaking, 

§ finan y Pierre S. du Pont, resu in the construction of fine new schools = (i 
[| __ financed by Pierre S. du Pont, resulted in the construction of fi hools 
— 

missioner after the repeal of prohibition. Although Mr. Taylor neither drank 

Secretary vo the hquor commissioner, 


MEMOIR OF GEORGE COPELAND URQUHART» 


his health had not came as a to the citizens of 
ae His dealings with the citizens of his state leave with them a knowledge of 
-— Alexander 1 Taylor as a man who was: never unwilling to try to solve any 


problem; and in his engineering career his sound and cunerring judgment in 


 —— matters, especially i in the State of Delaware’s public ree 


son, Alexander J., and a daughter, Eleanor (Mrs. L. Samuel 
Sy? ss Mr. Taylor, 2 a Thirty- -Second Degree Mason, was a member of the Masonic A 
Ole of Delaware, a member of the Shrine, past-president of the Knights of oie 
Round Table, and a member of the Engineers Club of Philadelphia. 


ee Alexander J. Taylor was elected a Junior of the American Society of Civil f 


on October 8, 1899, and an Associate Member on April 3, 1907. 


George the son of Capt. Moses Johnston and 


(Copeland) Urquhart, was born Steubenville, Jefferson County, 
Ps Saturday, March 24, 1866. His family moved to Mansfield, Ohio, in 
to Mount Vernon, Ohio, in 1875, “Steubenville in 


and the ‘public schools : my Mansfield 
ernon. completed | his education at Steubenville, graduating from 4 


Steubenville High School in n June, 1883. wi 


Mr. Urquhart’s first experience on engineering work was during his school 
iy vacation in 1882, when he was employed on the engineering ' force of the Main- Ke 
Es tenance of Way Department « of the Pittsburgh, Cincinnati, and St. Louis Rail- ‘ 


“be 


way Company. Upon graduation the next year he he was appointed to the 
engineering force of the Cincinnati and ‘Muskingum Valley Railway Com- 
- pany, with headquarters at Zanesville, Ohio. In 1884 he was transferred to | 


the Pittsburgh, Cincinnati, and St. Louis Railway Company with office at 


~~ 


ug Pe Pittsburgh, Pa; ; and on J uly. 5, 1886, he was promoted to Assistant Engineer. E 


_ In addition to railroad work during this time he conducted the surveys in 
connection with the erection of a water- -works system for the villages of 
On April 2 20, 1888, he was appointed Assistant Engineer i in Charge of new 
Ag coms construction, with headquarters at Steubenville. work included double 
tracking 12 miles of the Panhandle Division of the Pittsburgh, Cincinnati 


ee 4 se Memoir prepared by a Committee consisting of L. J. Riegler, at Am. Soc. C. B., Paul ay 
J, Urquhart, Aluminum Co. of America, and James L. Mason and A. R, Meredith, Penn- — 
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of Dinensenes Tunnel for double track, and ‘the widening of the bridge ¢ over var Ph 

Ohio River at Steubenville for double track, 
In 1890 he moved his headquarters to Bowerstown, Ohio, and supervised the a 

s widening of tunnel No. 10 and the construction of double track from Phila 
delphia Road to Bowerston (6 miles). This work included street paving, 
2 sewering, and municipal improvements in the village of Dennison. In 1893 a 

4 he was appointed Assistant Engineer in the office of the Chief Engineer of | 

a the Pittsburgh, Cincinnati, and ‘St. Louis is Railway, in charge of | tax and real 

= _ On April 1, 1899, the Real Estate Department of the Pennsylvania —- a 


- 


West of Pittsburgh was organized and Mr. . Urquhart was appointed Assistant — 
- Real Estate Agent for the Southwest System, Mr. Charles D. Law being the <lih 
head of the entire department. On January 1, 1903, Mr. Urquhart was ap- 
— Real Estate Agent of the Lines West succeeding Mr. Law who died 
+ in November, 1902. On March 1, 1920, the organization of the » Pennsylvania 
was appointed Real Estate Agent for the Central Region. By reason of 
{ 7 further reorganization of the System he was appointed Assistant to General 
q Real Estate Agent on February 1, 1, 1928, and on July 1, 1924, General Agent, 
‘Real Estate Department, both positions with headquarters at Pittsburgh. _ 
While head of the Real Estate Department of the Pennsylvania Lines West 
of Pittsburgh and its subsidiary corporations, Mr. Urquhart was in ‘a 
charge of the departmental activities covering consultation upon land surve y 
work, and other engineering related thereto, in connection with acquisition a 
administration of land. Upon assuming office in 1903, he was 
fronted with the largest program of new ew construction work that the railroad 
3 had ever undertaken, including many new lines in Pennsylvania, Ohio, ae 
- Indiana, and Illinois, double tracking of of a large part of the entire system, — 
the con construction of many yards and terminals, and track elevation in the 
‘larger cities of the Lines West of Pittsburgh, brs wa 
_-During the earlier period, while in _ charge of construction projects, 
b ticularly the double tracking of the Ohio River bridge at Steubenville, a and the 
a widening of the tunnels (all of which had to be done along with the oreo : 
a tenance of an exacting main line railroad traffic) he earned a reputation of 4 ae 
he great - dependability and reliability and won the confidence of the railroad’s _ 
Operating officers. To his later duties he brought a wealth of knowledge and 
skill in analyzing and solving intricate title and boundary problems in volved 
in the purchase and administration of real estate on a large scale, and under — ea 


3 


= taxation. Mr. retired from active service of the 
under its pension regulations on January 31, 1932. 
& He was married on September 8, 1896, to Mrs. Alberta V. Thompson (née _ 
& ‘Alberta V. Mills) who died May 22, 1913. On April 11, 1916, he was married ih 
Mary Anna McCombs, who surviveshim, 


Mr. Urquhart was member of Dallas Lodge No. 508, F. and A. M.; Penn- a 
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MEMOIR OF vox ‘BERGEN 


was a member of Oh Christ Methodist Episcopal Church and dention on its. Reed 


= Board at the time of his death. He was a member of the Engineers Society 3 


1 > a a of Trustees; for-some years he was its Secretary, and was a member of the : 


Dy -* To those who knew him best he was a kindly man of great personal charm - 


rey ana of the most lovable characteristics. He was regarded by all who knew e. 


to" him as an able and conscientious worker and a a delightful friend. — He was a - 


| é a Nebraska Power | Company in Nebraska in order to gain experience in survey- = 
and construction. After graduation from Oregon State College, he was 


a man of clear vision and of the staunchest integrity. 


ont 


‘Mr. Urquhart was elected an Associate Member of the American: Society — 
a HAROLD EMIL von BERGEN, Assoc. M. ‘Soe. C. 
ne Harold Emil von Bergen was born in Petersburg, Nebr., on July 7, 1904, 
the son of J. F. and Anna (Schultz) von Bergen. rab. 
He received elementary and high education in the public 
schools of Nebraska. After from. high school, in 1924, he went to 
_ California and worked for a year in pipe- -line maintenance with the Pacific _ 


Gasoline Company in Taft. In 1925, Mr. von Bergen entered Oregon State 


Cates, at Corvallis, Ore., and was graduated i in the class of 1929, with the 
= of Bachelor of Science in Civil Engineering. w ‘was affiliated 4 


‘Theta Chi social fraternity in college. taowiel ods 
While attending college, he worked each summer with the City of Klamath — 
Falls and the California-Oregon Power Company in Oregon and the he Iowa- — P 


rae employed for nine months by the Reclamation Commission of the State of 


— 


position a as junior engineer of hydraulic : structure design - with the Division of 


Water: Resources, Department of Public Works, State of California, in 
a nection with the administration of the “ “Act Governing the Supervision of __ 
Dams,” enacted in 1929. tot bas ici Bas sigs: harm BEAT 


ae _ He left the Division of Water Resources in J uly, 1933, and took a ‘Position n 
Rs 4 “with the U. S. Forest Service at Quincy, Calif., as chief of a surveying party. — 
See returned to the Division of Water Resources in March, wale as water 
von Bergen was particularly well qualified ¢ to inake involved 
Ss z no a hydraulic analyses, as he possessed an outstanding and rare power of in- 


_ Mr. von Bergen returned to California in March, 1930, and accepted | ae 


 2Memoir pregared by a Committee of Sacramento Section consisting of Gordon 


Zander, M, = wh Soc. C. E,, Chairman, and T. R. Simpson and I. M. Nelidov, Assoc. Rie 
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ond thinking. He was the author or co-author o of several 
papers*® and discussions* § which have appeared in Society publications. ~ 
His" geniality, personal charm, and outstanding ability as a pianist 
pe an indispensable participator in the programs of the Rotary Club at > a 
Alturas, Calif.; the Sacramento (Calif.) Section of the vpn and other — 
musical and theatrical events in Sacramento. He was 1 man of strong 
physique and gloried in the outdoor functions of his ‘His untimely 
and accidental death by drowning occurred in the line of duty when a boat, — 
from which he was making a measurement of emergency flood flow in the eh 
Sacramento by-pass, capsized. 
a Mr. von Bergen was married in Reno, Nev., , on April 1, 1934, to Frances Ps 
-Brelyn Rooney of Sacramento, He is survived by his widow and his daugh- we 
4 . ter, Della Ann von Bergen; his mother, Anna S. von Bergen; five sisters, Alice, “- B 
4 _ Katherine (Mrs. Albert Ohlman), Grace (Mrs. Otto Jensen), Elizabeth (Mrs. = E 
True Phillips), and Clara (Mrs. Ed Meyers) ; and two brothers, Arthur and > 2. ; 
von von Bergen was elected a J unior of the American Society of Civil 


= 


RALPH WATTS WARDWELL, M. Am. Soc. 1 


3 1879, the son of Atwater “Murdock: and Louise (Watts) Wardwell. 
educated i in the public schools of Berkeley, Calif., and the af ga of Cali- e 


Oregon. This work included the location and construction of irrigation and is 


= on the Truckee-Carson Project i in Nevada, in the Klamath Project in ” 7 


as and covered the period from J uly, 1904, to J anuary, 1908. Through June of ee ite ‘ 
7 the latter year he was instrumentman and dredge inspector for the Southern © - Ea 

Pacific Railroad Company o on construction work in the vicinity of San Fran- 
Bay. _ Then followed a year as assistant engineer with Viele, Blackwell 


| 


drainage canals with accompanying tunnels, diversion dams, and headworks, wy 


River for ‘the Great Western ele Company, an 


‘Lea ?“Graphical Analysis of Stress in a Reinforced Concrete Section Under an 
ad,” by Harold B. von Bergen, Civil Engineering, February, 1933, p. 93. ped ai 


_ *“ BDarthquake Stresses in an Arch Dam,” | , Ivan M. Nelidov and Haro 
Bergen, Transactions, Am. Soc. C. B., Vol. 104 (1939), p. 
BION aid 


Wol. 98 (1988), 1017, 

7 
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During his school years he tooK an energetic part 1m ali activities, and was 
q 
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eet _ Mr. Wardwell’s work for the Power Company attracted the attention of the a 
. y en, Colorado Springs Heat, Light and Power Company, a public utility serving the 4 a 
Tha Cities of Colorado Springs, Colorado City, and Manitou, Colo., with electricity, 4 
Es oe gas, and steam heat, and in April, 1909, he accepted the position of assistant — 
Pe _ superintendent. Soon he was advanced to chief engineer, which position he 
ios held until March, 1914, when he resigned to become chief engineer in charge of : 5 


= i. partment of the Atchison, Topeka and Santa Fe Railway Company. awoke 
ss In May, 1917, he left the railway company to ssinnti chief engineer of the 
‘Western Company of Taft, Calif. i in a October of the ‘same he 


"Meanwhile, the United States e1 entered the World War, and the ‘call for 4 
j capable e engineer officers became more and more insistent; s so in October, 1918, 
_ Mr. Wardwell was commissioned a Captain in the U. S. Engineers. He trained 4 
_ at Camp Humphreys, Virginia (later known as Ft. Belvoir), and for a time was 
detailed on special duty with the Coast Artillery. Receiving his honorable 
a — discharge in October, 1919, he was employed by the Bureau of Internal Rev- 
be Lf - enue in the Oil and Gas Valuation Section. — He was valuation engineer until | 
a August, 1921, and was then advanced to the office of Chief of California and — 
4 Ae Foreign Sub-Section. This work consisted of the estimation of oil and gas 
cs. 4 reserves, and the appraisal of oil and gas producing properties for income tax 
4 purposes. _ In February, 1923, he left the Bureau and became consulting engi- 
meer for a group of clients in the presentation and handling of engineering ; 
matters before the various government departments. | 
In February, 1926, Mr. Wardwell moved to Florida where he spent ‘twee 
years, the ti time divided between various engineering en enterprises and fruit grow- 
2 ing. As ‘superintendent o: of the Coral Gables Construction Company he w was 
engaged in the design and construction of the water and electric systems ot 
fi that community and later as local manager for the Florida Power and Light | 
ea ‘The ‘years : from 1931 to April, 1936, ‘were spent in 1 the e employ of 
cae the U. S. Engineers, War Department, as civilian engineer on the Caloosa- 4 
 hatchee River, Lake Okeechobee Drainage Project. In March, 1938, he was 
 ealled to assist in the survey of the Passaic River Watershed. He took charge eS ¥ 
of the section on flood damage and reservoir veneers and organized the work 
of compiling data and collecting hydrologic data. This was his | last work. 
Returning to his home in Providence, R. L., on the evening of June 27, 1939, 
was taken ill and died very suddenly soon after midnight. His body 
the ashes buried in Arlington National Cemetery, Virginia. 
He is survived by his widow, the former Ruth Letitia Halpenny of a 


D. , and three a former marriage, ‘Watts Ward- 


ae 
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Camera photography ; goli Was his diversion and during bis in 4 


‘mark « on n each structure ‘they build. Drawing from a wide experience 
with fundamentals, Mr. Wardwell solved the problems he encountered by care- — ¥ 
- ful, thorough analysis, and the application of sound engineering principles— 
a ostentation, but persevering, diligent efficiency. One of a team, ‘sometimes 4 
the leader, | sometimes a wheel horse, he always pulled his share of the a a 
Wardwell was elected an Member of the. Society a 
WELLIAM TIBBITTS WEBB, Assoc. M. C. fine 
_ William Tibbitts Webb was born in Cambridge, Mass., on August 18, 1879. * a e 
7 He was the son of William W. and Emeline D. Webb, and obtained his early 
acation in Providence, R. I. 1898 to 1899, he was a special student 
at Brown University, in Providence, and later took special extension courses | 
at Columbia University in New York, N. Y., in 1909 and 
From August, 1896, to 1902 he was a dindent engineer, transitman, an and 
q a inspector in the office of the city engineer at Providence. In December, 1902 a 
he accepted @ position as transitman on location on | the Norfolk and Western 
Railway in Virginia and West Virginia, and remained at this work until 
October, 1903. September, 1904, to December, 1905, he was chief 


plant for the town of Dansville, N. Y., leaving this to with Westing- 
2 house, Church, Kerr Company, on the construction of the Pennsylvania Ter- — 
e _minal i in New York. He worked here for some months as inspector, oa 
* * until December, 1907, as chief of field party. In this latter capacity he was ee 
a in charge of the excavation, foundations, and steel erection for the Eighth re 4 ; 
Avenue Viaduct, and of the location and erection of the power plant, rein- - a 


forced concrete tunnels, and a drainage system. of teow af bas 
completion of the work on the terminal, he entered the Civilian Engi- 
neering Department of the U. s. Army. From January, 1908, until May, 
1911, he : was engaged as a civil engineer and draftsman at the U. S. eee 
_ Academy at West Point, N. Y., where he made ms necessary rll 


7 = and maps for the location of new buildin 


occupied as engineer on and checking of 
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OF WILLIAM TIBBITTS WEB 


sent to San . Juan, uan, Puerto Rico, for the . Army Engineers. There made 
a survey for the establishment of pierhead lines and extensive dredging work. — 
He also completed an inspection of other Puerto Rican harbors and had the 


supervision of the removal of certain wrecks along the coast. 
; ; _ In March, 1916, he left the Army Engineering Corps to go to J. G. White 


and ‘Company as engineer on the installation of a water supply and distribu- 
tion system for the cities of Remedies and Caibarién, Cuba. This work com- 

, 3 pleted in September, 1916, he took a position with the West Indian Sugar — 
= .. Finance Corporation in charge of the erection of a large ‘sugar mill at Alto 
Cedro, Cuba. This work was ‘completed in n March, 1917, and. until J anuary, 
Acs 1918, Mr. Webb remained with the same company as resident enginesr at San a 
Pedro d de Macoris, Dominican Republic. Here he built considerable railway a 
extensions and was in charge of the maintenance of all railroads and struc- 
tures of this group; also, he acted as consulting engineer for the City of San ¥s 
Pedro ¢ de Macoris in the « extension of their drainage and sewerage system. iy 


val 
a 


“a From m January, 1918, to May, 1918, Mr. Webb was with the Public Works © a 4 
Republic as designing engineer, and in this 3 q 
capacity he a reinforced concrete dock for San Pedro de Macoris and 
ne four large reinforced concrete bridges for the 130-mile main highway across 
_-atied uly, 1918, he r returned to the United States and entered the Army with | 
the rank of Captain—Quartermaster’s He worked i in the Construc- 


< 


q 
q 


at Brunswick, Ga. While in this ‘post had considerable  inetdental 

. “a in connection with the design and layout of railroad, telephone, drainage, and — 
Fs Le water supply | systems, the latter part of his time being —. occupied : 

in the disposal of salvage material after the Armistice. DES Blo iy 


Ga giving up his commission, was transferred to the Reserve: Corps, 


‘Hes he was  firet as for Livermore, Rojas Company, 
exporters, New York, in developing an organization for the sale of railroad — 4 

From August, 1922, to February, 1927, he was” manufacturing agent for 

a ‘many manufacturers of machinery and eeeustiuctiien equipment—principally, | 
Koehring Mixers, L. Best Tractors, Russel Road Machinery, ‘International 
Trucks, Magor Car Corporation, and Dupont Explosives. The latter “repre: 


|  — occupied most of his pee as up to that date all explosives were 


—" 


— 
— 
and 
In May, 1911, he was appointed engineer to the quartermaster at West — 31 
Point, and in this capacity had charge of all surveys and engineering in 
x = fi connection with the enlargement of the Academy. This included the new 
Academic Building constructed at that time. = 
&§ es On completion of this work, in May, 1913, and until the end of that year, __ 2: 
e. E he was again with the Corps of Engineers of the U. S. Army, principally en- 4 OF 
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oF NATHAN DAVIS WHITMAN 


the Brazilian Subsidiary of the American and 


 Conoens:. who, in the latter part of 1926, began to purchase many electrical ¥ ey 


enterprises of interest to the ‘Colony of Rio Janeiro, Brazil. ‘He 


was a charter member of the Gavea Golf and Country Club, and was to og 
small degree responsible for the successful development and expansion of that ¥. 
enterprise. — ‘He was an ardent golfer and to the day of his death was one | of a 
most regular ‘patrons: of the club, his broad engineering knowledge and 
experience having been freely utilized by the club on many occasions in work- 
e ing out their problems in connection with roads, water supply, ete, not t 
_ mention the preparation 1 and maintenance of the course itself. | ae ae 


< was also always interested in educational matters and was very helpful _ 


in the consultations and work which have been done for the establishment of - pe : 


an American school in the community. He was a member of the Rio de — 

a aneiro American Chamber of ‘Commerce, and for several years was a director — 

3 In 1922 he became a member of the committee headed by D. C. Collier, — 


Ss. Commissioner to the in Jan aneiro 


Mr. ‘Webb was highly esteemed by all those had personal contact t with 
and his integrity and fairness in business dealings made him particu- 
. larly admired. His death from acute indigestion in J June of this year came 
— 


asa great shock toallofhis friends ‘ 
Me. Webb was ested an Men of the 


| DAVIS WHITMAN, Assoc. M. Am. Soc. 


_ Nathan Davis Whitman was born in Boston, Mass., on March 23, 1878, the 


of Nathan. Davis Whitman an ‘and Helen | (Mitchell) Orr. «His paternal 


es, C 


— 
organization, a position which he occupied until his resignation 1931. 
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4 _ Mr. Webb was married on April 6, 1910, to Mary Washbun Murtha of ae a 
g a. ork, who survives him. There were no children, and his only other nae AS a 
4 --viving relatives are two nieces, Mrs. Allan H. Chalmers, wife of the Rector | 
ost 
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The Orr family, too, was vigeenbinast | in New England, having established the a 


: first triphammer shop in the area, which shop supplied many cannons and ~ 
to the American forces in the Revolutionary War 241 


- one year, transferring at that time to ‘the Massachusetts State College at 


Amherst, Mass. ‘i He received a degree of Bachelor of Science from the latter 
in 1901. During this period, he spent his summers as draftsman in 


548 various offices i in Boston and was an instructor in drawing at college. 


tie After graduation, Mr. ‘Whitman was employed by George S. Pi 
Am. E., consulting engineer of Kalamazoo, Mich., becoming his assist- 
= ant engineer. ‘His cnenienee in this office was varied and formed an excellent. 


attended the Massachusetts Institute ‘of Technology, at ‘Cambridge, Mass. | 


— construction for bridges, and sewage disposal plants. After finishing the sew-_ 
se age disposal plant for J ackson, Mich., he left Mr. Pierson - in 2 1905 to become: 


en 


ormative sath and furnished Mr. Whitman an opportunity to grow with, 
and contribute to, a new field. this end, he was more than successful, 
types of joints, improvements | in form F 


design, of and 1 numerous machines and devices essential 
to the manufacture of pipe. His etady and analyses of the problems of pipe ; 


company, as engineer, he was in charge of all engineering and design: ae 


_ reinforced- concrete pipe “manufactured for water- lines, 


Concrete Pipe | Company of Chicago, Ill, which company he served a 


Reinforced Pipe of Los Angles was and for this 


the next, several years, Mr. Whitman left prof 


engage in sales work in ‘San Francisco, Calif., and northern where 


1923 he returned to his chosen work in the pipe “industry, be- 
= chief engineer for the Bent Concrete Pipe Company in Angeles. 


4 


; ‘He retained this position when this company merged with the Western Con- i 
i crete Pipe Company to form the American Concrete and Steel Pipe Company, ) 


and was active until a short time before his” death. this he 
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supervised the design and construction of many pipe inthe Western 


‘States for water er supply, irrigation, 
_- Ib 1927, his company was the first in the United States to use, on a large " o 
- commercial basis, the centrifugal process for the manufacture of reinforced-— 
concrete pipe. The advantages of this is superior pipe for water- “pressure lines 
became apparent at once, and in the many developments necessary, Mr. Whit- Lee a 
3 skill and knowledge as a pipe engineer played an important Part in the 
design, construction, and successful performance of many such lines. Among 
a these were a 30-mile domestic water supply line for Phoenix, ‘Ariz, in 1931, i ee a 
q and important lines for the California Water Service Company in the San 
Francisco Bay area in 1929, and for the La Mesa, Lemon Grove and Spring 
Valley Irrigation District near ‘San Diego, Calif., in 1984. 
Later his company undertook the manufacture of cylindrical reinforced- 


concrete pipe for pressure lines of high head and large diameter. r. Here eagain 


pi Mr. Whitman’s abilities as the company’s chief engineer were indispensable a 
3 in the intricate problems of the design of such structures, which involve pres- 


gure, surge, contraction and expansion, load bearing, thrust, etc. Notable 
id among these lines were 5 miles of 62-in. pipe (operating head 400 D ft) 1 for the 
‘4 Hetch Hetchy Water Supply ; for San Francisco in 1934, and several sections — 
- «aggregating 15 miles for the City of Tacoma, Wash., from 1934 to 1939. Mr. a 
Whitman’s ability, e experience, and contribution culminated in his ‘coopera- 
tion with the designing engineers of the Metropolitan Water District of — “ 
3 - Southern California i in the manufacture and installation in 1987 of 17 miles ; 
= of 12- ft 8-i1 -in. and 11-ft 8-in. diameter reinforced- concrete pipe (heads to 230 ee 


ft) for the Colorado River Aqueduct, this being the largest pipe line of it 
So outstanding had Mr. ‘Whitm an’s experience, and engineering 
a ability become through these many years in this industry that often he was 7 20 
ealled in in by consulting and public body as an expert for their 
Mr. W hitman was regarded with esteem affection by his office 
plant superintendents, foremen, and shop workers. His quiet humor, 
a his. wealth of general knowledge, a und his friendly personality endeared him a 
i. - all with whom he came in contact. His work was his hobby and he kept _ 
if not ahead, of the progress in the. pipe industry and engineer- 
2 ing; nor did the fact that he had chosen a special field of engineering limit a 2 
his viewpoint: for he ‘maintained an active interest in and had a profound 
Mr. was married to Rose Marie Dickert of ‘Milwaukee, Wis. 


Whitman w was elected an Associate Member of can Society of 
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J John Thad Whitney was born on September 13, 1891, Granville Vt. 
i ‘He was the | only child of Horace Harvey Whitney, who was descended in | 


_ 


= ' the early English settlers of New England, and Louise (Kerr) Whitney, whose 
Irish ancestors came to the United States in 1852. 
father, who was a merchant , operated country store at North. __ 
field F alls, Vt. Both of John’s parents had the qualities of 


Nemes J ohn was reared i in Northfield, Vv t., where he received his clemen- 


him by his parents and New England were to a great 

He was graduated from Norwich University, at Northfield, with the. degree 
an as of Bachelor of Science in Civil Engineering in June, 1913. Norwich Uni- a 

= -Versity is a State-endowed military school and at the time that John Whitney — 
attended, the “students, in so far as ‘military t raining was concerned, were 
members of the First Cavalry, Vermont National Guard. Throughout his life 
- he maintained a sincere interest in his University. In later years he com-— q 
———- 4 pleted three graduate courses in advanced mechanics and mathematics at 
Carnegie Institute of Technology at Pittsburgh, Pa. Att ‘the time of his a 


as follows: “ ‘The of Vertical ‘Through 
Earth” and “ Correlation Between Less-Than-One-Day Rainfalls ‘and One- a 
Rainfalls in the Upper Ohio River Basin. 
_ In August, 1913, Mr. Whitney became -connected with the U. 8. War - 
' Department and served for two years as Inspector ‘on the construction of a 
Ohio River locks and dams in the Wheeling, W. Va., Engineer District. 
was followed by two years as Field Engineer with the H. Koppers Company, 4 
of Pittsburgh, on the construction of a by-product coke plant at Follansbee, 
September, 1917, Mr. Whitney entered the Officers’ Training Camp, 
Fort Benjamin Harrison, Indiana. He was commissioned Second Lieutenant, 
us =e a4 Field Artillery, -O. R. C., on November 27, 1917, and assigned to the 89th — 
3 Division. He served as a member of the | American Expeditionary Forces 
as from J uly 10, 1918, to July 6, 1919. - ‘During this period he was engaged 
= . principally in the transportation of artillery supplies in connection with the 
co 2d Corps Artillery Park and participated in five major -offensives as follows: — 
Aisne Marne, St. Mihiel, Oise-Aisne, Meuse-Argonne, and Vesle-Sector. He 


Memoir by a Committee of the Pittabur, 4 of Harry A. 
‘Hickman, M. Am. Soc. C. B., and Ely G. Fenton, Assoc. E. Ly tee a 
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was” on July 11, 1919, as a Second 
return to civil life Mr. Whitney was connected with the Vermont 
a State Engineer Department (later combined with the State Highway | ‘Depart- — 


ment) as s Assistant Engineer. this connection, he served successively 


2 19238, Mr. Whitney again entered the “service of the 
= (H. Koppers) Company, of Pittsburgh, with whom he remained for the next 
as four years. One of these years he served as Field Engineer on the bn etl iP: — 
4 tion of a water-gas plant at Kokomo, Ind.; a by-product coal-gas plant at ie aa? 7 
> _ Wayne, Ind.; and a liquid purification plant for gas at Milwaukee, Wis. a ‘ss if 
uring the remaining three years Mr. Whitney was in charge of all foundation __ , 
and. concrete design. Much of his time was devoted to the supervision of xi 2 
design and preparation of plans, specifications, and estimates for structures — ; 
for the handling and storage of coal, coke; and ashes for by-product coke iF ‘* 
plants, and other plants constructed by the Koppers Company. Whitney’s 
kmowledge of the latest in engineering procedures—their thorough practical 
application—and his engineering foresight are indicated i in that the specifice- — 
tions for such work, as prepared by Mr. ‘Whitney, a are ‘today ‘used by the 


_— next engagement, from November, 1927, to December, 1931, was vm Anam 
ig =. City of Pittsburgh, where he served as Designing Engineer in the Bureau Wy 38 
of Bridges and Structures and Assistant Engineer with the City Transit be 


~ Commission. In this period he was closely connected with the major ‘munici- as 
a a ieigeovemente and in responsible charge of much of the heavy structural = 7 


q to bridges. He also made the design 


ti 
for a 500-ft span, reinforced concrete, arch bridge for a proposed extension of a “4 


:.: the Boulevard of the Allies over Nine-Mile Run. In June, 1932, Mr. Whitney % = ‘aa 
submitted designs and estimates for single-track and double-track sections 


- for proposed m municipal subways to the City Transit Commission of Pittsburgh. . a 
From May, 1933, until his death Mr. Whitney was again employed by the 
= U. War Department, being attached to the Pittsburgh Engineer District, 
where he was engaged on general construction, on, design of river 
_ hydraulic studies pertaining to flood control reservoirs. 

I ohn Thad Whitney was an excellent engineer, measured not only. by te 

iv volume and variety of his technical knowledge or its practical application, but ve a a 
still more by his ability to work with others both asa subordinate and as a a 3 
‘He was man of strong convictions; nevertheless, he conscien- 
observed the rights and feelings of others. was always so tre 7 


4 in earnest about everything that he undertook. He shad another 


even more outstanding characteristic in that he lived “with malice toward 

none. ” There was or mean about him. Few People have 
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design, and as Assistant to the State Engineer. During the last nine months = 
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critical of their His was that of the typical 


engineer, and his hopes, aspirations, failures, and successes strike a 
chord with most of us. W ofil livia of 
3 Sohn Whitney was a lover of. animals, especially horses. He was deeply 
interested i in outdoor life, good literature, music, and poetry. His more harsh 
4 Ss commitments were often tempered at the end with some witticism or verse of 
poetry. He was an ardent student of current events. His personal library ~ 
to of many hundred volumes was very diversified and indicative of a sincere and > 


4 widely read scholar. In accordance with his wish the technical part of Mr. | 7 


Whitney’s library was given to Norwich | University. Aye 

He always took a profound interest in the younger engineer. 

willing to assist others in acquiring the engineering information which they gy 

io desired. oH He was a a virtual encyclopedia for many of his friends and working a 

associates. He would have made an excellent teacher. He had a keen | 

P of humor, and a rare faculty of enjoying a good joke on himself as well as on _ 

eds He was a registered | engineer - in the State of Pennsylvania, a member of a 
the American Legion, and Theta Chi Fraternity. He had long been affiliated — 4 
with the Methodist Episcopal Church and later became a a member of the Mount 4 E 


Whitney died in Pittsburgh, Pa., on September 30, 1938. Interment 
a o was made i in Elmwood Cemetery, in Northfield. — He returned from whence he a 
came, tothe landhe loved sowelk 


to Mary Wigal who survives. Hi He is ‘also’ survived by one daughter, Tine 
az Despite his conscientious absorption i in his profession he was most devoted 

to his home and family. His : sterling personal character is indicated in his” . 
true devotion as a son, husband, father, and friend. In passing he left voids — 
< in many lives, never to be filled. However, his memory will have a lectinig 
effect on those who knew him well and now mourn ¢ one of earth’s | gentlemen. — 3 
eee J ohn Thad pg ‘was elected ad unior of the American Society of Civil 


han 


q Harry McKean ‘Conner was born at Oakfield, N. on March 1, 1907. 
ira His father, H. McKean Conner, a widely known consulting mining engineer, 3 


born at Mauch Chunk, Pa., on March 81, 1875, and died on December 
1919. He was a member of the ‘American Institute of Mining and Metal- 


ee *Memoir prepared by John C. Bubrendorf and R. B. Strang, Board of Water Soot, 


Lebanon Presbyterian Church, Mount Lebanon, Pa. dia ail in q 


Whitney was married at Huntington, W. Va. February 28, 1921, 
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OF HARRY M CKEAN CONNER 


and a prominent Mason. . He collaborated as an associate editor 
_—withe Robert Peele in preparing the “Mining Engineers’ Handbook” and a. 
was responsible for the section dealing with the “ Preparation and Coking of pa a 
= mother, Sareh G. (Wagner) Conner, born at at Newville, Pa., on Jar _ a 


taken. course. thereafter he secured his. first regular 
employment, and for the thirteen years that followed he worked during the a ‘a 
day on engineering peajontn and | pursued engineering studies at night. Due a 

to a change in employment in the summer of 1929 which brought him to New Me ne 
= N. Y., he was afforded the opportunity of attending the School of 
Engineering of Columbia University. From this time until his enrollment — 2 

for the. Engineering Degree course at New York University, in New 


he had studied various phases of coal mining as ‘presented by the 
_ International Correspondence School. September, 1931, he enrolled for 


his brilliant weeks was recognized by the University when it conferred upon _ a ; 
= - Mr, the degree of Bachelor of Science in Civil Engineering, cum shale 

Still in search of further technical knowledge, h e enrolled i in ‘the Graduate 


a February 4, 1938, he obtained to practice Professional 
neering from the University of the State of New York which, previously, on sek 


May ll, 1933, had granted | him a a license to practicé land surveying. j 


a survey party on m field work for | the Hudson Coal of 

- in connection with anthracite coal mining by the stripping method. After “Ta 
, Be graduation from high school in 1925, he was again engaged by the same com- 
; pany in a similar capacity, and in addition made surveys in their under- 


em: ground mine workings. In Se September, 1927, he e resigned irom this firm a 


— 

His uncle was Eli Taylor Conner of Scranton, Pa. Like Harry’s father, 
a 
| 
~ 
— 
= 
School or the UCollege Engineering OL New University in September, 

} 

— 
never any question about his vocation in life, and his first practical en- _ 
be la 
— 
a 


join the United Gas Contracting Company in charge of the bg 


sss Surveying on the construction n of a plant for the General Electric Company - 
= = Philadelphia, Pa. _ Upon the completion of this work in June, 1928, he a a 
ia became “associated with W. _W. ‘Young, a consulting engineer of New York 


= 


City, as an assistant engineer in charge of repairing a sewer system for the _ 
Town of Metuchen, N. J. “When this project was finished he continued with 


Sanitary Sewer Commission on the preliminary surveys and the con- 
struction . of sewer trunk lines in Westchester County and on the design of, a 4 
specifications for, two sewage disposal plants. 
A 1929, h he e was appointed to the Board of Water Supply of the City of - 
Fe New York on a part of the c construction of City Tunnel No. 2. This included : 
es the following procedure: A shaft was sunk through earth and rock to a depth ; a E 
of 500 ft, a a reinforced concrete caisson ‘being used for the first 100 ft through _ ‘A 
a e water-bearing material ; then the rock shaft was sunk another 400 ft and % 
4 be lined | with « concrete; a tunnel, about two miles” long, w was driven and lined 
a with concrete; the concrete lining of the shaft and tunnel was grouted; oul 4 
the shaft operating equipment was installed for controlling the flow of water: 
: the tunnel, through the shaft, and into the distribution system. 
* - a — was in charge of a field survey party on this work until ‘April, 1983, 

From November, 1933, to December, 1936, he was respectively an 


a engineer with the ( Civil Works Administration (OWA); a a | section engineer 
Rm with the Department of Public Welfare; a ‘senior engineer and a supervising — 


4 i engineer with the Works Progress Administration (WPA); and Chief of the ° 4 

j = Planning Section for the WPA in Bi Bronx County, covering all phases of mu 


— December, 1936, he was recalled to the Board of Water Supply of New 2 
a - - ork City to assist in the construction of a portion of the new Delaware 
Aqueduct System. His first’ assignment on this project put him in charge 
“a ee of sinking a shaft, 450 ft deep, in rock, lining this shaft with —, and . 
a” _ driving about 400 ft of tunnel in rock from m the bottom of the shaft. 4 In May, * 3 _ 
: y 1938, he was appointed assistant section engineer on another contract of the — 
--- Board of Water Supply which consisted of driving 29,188 ft of deep rock — 4g 


tunnel. was engaged on this work at the time of his death, 


. oe with his work during the day and his studies during the one 


Mr. Conner found time to be actively engaged in a wide variety of interests 
allied to the engineering profession. 1929 he became a charter member 4 
the New York State Sewage Works Association. While at New York Uni- 


he to membership ix in the honorary ‘engineering society 0 of 


and Director of the Bronx Chanter! of Profesional 
. Upon his graduation from New York University he was appointed the Alumni 
4 Member of the University Employment Committee, College of Engineering, . 
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s varied ied activities, ‘Harry Conner m met a a great number of 


£ the rare combination of ability with the highest personal attributes. His un- 


timely passing deprived the profession ¢ of one of its most promising engineers. 
cs On June 27, 1928, Mr. Conner was married to Louise Sanderson Fuller of o 
Seranton, daughter of Ray Ww. Fuller and | Grace (Sanderson) Fuller, and 


many men who devote most of their time to solving difficult prob- 


lems, Mr. Conner derived great pleasure from his camp at L ake Mombasha, F 
a New York, where during week ends and vacation periods he partook o of the = 
~ social life of the small community, and attended to a vegetable and flower — 
garden with ‘the aid of his wife. Here he also did o odd jobs ae carpentry work 


a incidental to making a comfortable lodge. loata boot’ 
-~ Harry Conner is survived by his widow and two brothers, William Yi Young 


Conner and George ge W agner Conner. - salt 
Mr. Conner was elected a Junior of the American Society | of Civil Engi- 


neers 0 on November 23, 1931. be OP 


Dap Mar 29, 


ae 


q - 
“the: son of Frank F. Mary Mechtley) Felker. He the 
"grade school and high school. In 1927 he entered the University of Pittsburgh, ue a. . 
at Pittsburgh, Pa., to study Civil Engineering, and was graduated i in 1931 with 


_ During his college days he auld as transitman for the Standard Steel Com- 
pany of Burnham, Pa., and worked ag: again for the same firm after graduation. a 

‘His work as transitman included the laying out of a power plant ate annealing = 

furnace, and the mapping of the works ¢ and its railroad. 
In 1933 he was appointed a junior engineer in the U. S. and 
Ag was assigned to Civilian Conservation Corps (CCC) Camp S58. Later he was 

transferred to Camp S As the man responsible for the engineering work 
required at these camps, his duties ranged from boundary surveys for > the state al og 

be forest map to construction of camp water supplies, roads, and greg Dur- 


sylvania, a position of considerable responsibility. T The e following year, 
ae the state was divided into five districts, Mr. Felker was made district engineer 7 


of the northern district, with headquarters at Galeton, Pan ts ay 
2 Memetr by Charles F. Ruff, M. Am. Soc. c. E. 
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‘MEMOR oF “GLENN WILLIAM ‘HOLMES 


Like many ‘another young engineer, Mr. Felker was. never able to ‘establish a + 
5 ter < permanent home but followed the job from Paradise Furnace, Pa., near Camp 
Es - In December, 1937, he left the Forest Service to join the newly established 4 
Bled Control Bureau of the State of Pennsylvania. Here he was assigned to 4 
= _ the hydrologic section, the particular réle of which was to estimate how large 
and how often floods might be expected. Besides making valuable contribs : 


_ i - tions to a general study of floods in Pennsylvania, he was also actively engaged 
ss . a on the flood control project for York, Pa., and several other cities in the Sus- 


_ quehanna Basin. Mr. Felker was well liked at the Bureau, both for his un- 
3 assuming good nature and the quiet efficiency with which he tackled the work © 

“ie When the F loo od Control Bureau w was closed early in 1939, he secured a 4 

i aoe as junior engineer with the U. S. Engineer Corps, at Pittsburgh, 

ss similar work on the Pittsburgh Flood Control Project. — He had had 


a _ The sudden death of this promising engineer, who, despite starting his 
career during the depression, had managed to keep himself busy and useful, 
was a great shock to all who knew him. He is survived by his wife and by his” 3 
Mr Felker was elected a Junior « of the A American = of Civil —s 


GLENN WILLIAM HOLMES, Jun. Soc. C. 


ss nailgs descendant of a a long line of pioneer ser teachers, ¢ engineers, s, and s statesmen, 
Glenn William Holmes was born in | Syracuse, N. Y., ‘February 
His father, Glenn D. Holmes, M. Am. Soc. O. E., was engineer for 


ae the City of Syracuse, and for many years | has been engaged in in consultin ng 
4 


at _ practice | in that city. His great- -grandfather, J oseph Holmes, ‘was one of the a 
pioneer settlers in western New Yorks and his grandfather, Joseph W. Holmes, 
-< a student of mathematics and astronomy, was the inventor of the Solar Theo- | 
es _ dolite, the basic principl es of which are to be found in the present- day instru- ‘y 
ments. His mother, Adah (Brett) Holmes, traces her ancestry | the 
aot House « de la Brette, which produced kings of Navarre, and fought for William © 
‘the ‘Conqueror in 1066 A.D. Madam Brett, daughter of Francis Rombouts, , 
== of the City of New York, N. Y., in 1679, was the first white woman = : q 
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MEMOIR OF GLENN WILLIAM HOLMES 
establish home (in 1709) in the highlands of the Hudson River. ‘This 
manor, known as “ The Crary House,” was later owned and occupied by Robert hed 
“Fon Crary, eldest grandson of Robert Fulton and his wife, a descendant ke 
24 ‘The early boyhood days of Glenn Holmes were spent in Syracuse where 2 
was graduated as an honor student of Central High School. He entered the | 
University of Michigan, at Ann Arbor, Mich., where he pursued an engineer- 
ines course and received the degree of Bachelor of Science in Civil Engineer- — 
With the exception of a summer spent as assistant sanitary inspector for at | 
@ Lake George Association and a short engagement as assistant engineer "ea 
for the Onondaga County Sanitary Sewer and Public Works Commission, 
the first three years of Mr. Holmes’ professional career were spent ‘as assistant 


in his father’s office. He assisted i in the design and operation of the 


investigations ‘and ‘pened probably the ‘most important of which 1 was s his 
- adaptation of the principles of light absorption for the determination of ‘sus- 


2 


ee 1934, Mr. Holmes was employed by og firm of Metcalf and Eady as 


treatment various municipalities and especially i in an investi- 
a of the operation of the North Toronto Sewage Treatment Works me 


a a Mr. Holmes | resigned from Metcalf and Eddy to take a a position in ‘the Bee 
_ government service as hydrologist for the newly created Soil Conservation — 5! 


While stationed at the 


operations project ‘of the Service at Bath, ha ‘conducted the studies re- 

ported in an unpublished manuscript entitled “ * Hydrologic Studies of the J uly sig 
1935 Flood in ‘South Central New York State. manuscript later 

a is released to the United States Geological Survey and became the basis for their 


; aed In November, 1935, he transferred from the Bath Project to pad a a r 
b as assistant, and later as associate hydraulic engineer, on the Washingto 
staff of the Hydrologic Division of the Service. Besides’ preparing : critical — 
‘ ¥ reviews of such reports as the State Soil Conservation Programs and the Na- — 


tional Resources Committee’ 8 Drainage Basin Reports, | he was engaged att the a 


ual 
time of his death in ‘making | a correlation and analysis of hydrologic data col- ee 


lected by the United States Geological Survey on eight of the Demonstration — ia 


a To all of Mr. Holmes’ ’ many friends his philosophy of life was an out- ae 
characteristic. fairness in in all dealings with his fellow men was 


shits 


Were always those of the cheerful, loving companion, patient teacher, and 


4 » an exemplification of the Golden Rule, and his relations as husband and father ae ea 


In spite of physical handicaps suffered in his early youth, he lived 


2% Determination of Suspended Solids in on by Glenn W. 
Holmes, Sewage Works Journel, DD. 
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MOIR OF JOHN MONKS 


to its extent up ry moment of his sudden an untim 


Sather and mother, and by his Brett D. 
wi Mr. Holmes was a member of the Syracuse South oecmerEE Church. 
‘He was also a member the American Geophysical Union. 


neers on August 16, 1937. 
MONKS, Affiliate Am. Soc. C. E. 4 


ohn Monks was in New York, N. Y., on October. 16, 1864, the s son 
_ John Monks and Mary Ann (O’Leary) Monks. He received his education Ss 3 
he De LaSalle Institute and Seton Hall College, 2 at South Orange, x2. Upon i ._ 
leaving college, he entered his father’s. contracting business which had been 
aes ie The firm had been largely “engaged in building docks about New Y Tork 
“oe : harbor, but when his father retired from active participation in the lB be a 
to accept an appointment from Mayor ‘Strong as dock commissioner, , Mr. 
5 Monks was elected President of J ohn Monks: and Sons and proceeded to ex- a 
_ Under the title General 
"Contractors, the in harbor and heavy y and pn eu- 
hh matic foundations. In record time, the firm built the piers for the landing 
Dak of the | troops of of the -Spanish- American War, at Montauk Point, Long Island, | 


& , and, upon the invitation c of General Alger, then of ‘War, Mr. 


Monks visited and advised him regarding the development of the Harbor at — 

San J uan, Puerto. — pra = 

bess Under Mr. Monks’ baie’ the e firm also built numerous piers and bulk- 


the many 1y outstanding structures 
built by the firm under his régime were the deep pneumatic foundations fr 4 
the HeckerJ ones- Jewel Mill, pneumatic foundation “for r the Cincinnati 
Water Works, foundations for the West Street Building, pneumatic 
tions for the Baltimore and Ohio Railroad Bridge over the Susquehanna 
Monks was also a director in the Old Maine Steamship Line and 
a “dent of the e New York and Baltimore Steamship Company. be As a member of — 
are the ‘Chamber o of Commerce of the State of New York, he took an active in- 


wa Memoir prepared by Emott D. Buel, M. Am. Soe. 
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‘wa retained his position as eihinat of the firm and acted in an advisory 
_ capacity in all matters of importance. In the meantime, he traveled exten- 
sively in Europe a: and South America and, in 1916, believing his health sufi- 
ciently restored, resumed his former duties. 

ety Unfortunately, in late years, his health failed him completely, and in “e 
1932 he was compelled to retire from the firm, his clubs, an and all social activi- ra ye 5 
ties. He spent the last few years of his life on his country estate at East i 

Hampton, Long Island, where he had collected a very fine library. 


4 found one of his greatest pleasures ‘among his books. 

was a member of the ‘Metropolitan Club of Washington, D. C., the 
retirement, he had been a member of the Racquet ‘and Tennis Club, the Man- _ . 
 hattan Club, the Grolier Club, the Downtown Association, and the Long 

Country Club. Mr. Monks was ‘greatly beloved by his friends and 


d 

=] known as a man of high ideals and unswerving integrity. por 
> - He was married to Alice Parsons in 1903, and is survived by his son, J ohn 


Monks, Jr. and three brothers, Richard A. , Robert, and Jerome Monks, 


On the of October | 17, 1939, Mr. Monks suffered a heart ‘attack 


Mr. Monks was elected an Affiliate of the American Society of Civil Engi- 


was sheen in Chatham, N. Y., on May 12, 1887, the 


¥ gon of John Slattery and Mary (Gilmore) Slattery. He came to New York, , 


N. Y,, when still a boy and received his early education: in he schools 


mat 4 Int 1904 he entered the employment of the J. C. Rodgers Contracting Com- ir 
asa timekeeper and material checker. Later he was connected with the 


wi 


capacities. During his period of employment with the latter company, he ad- aan 4 
vanced to the position of assistant superintendent. tit a 

September, 1918, he accepted the position of assistant superintendent of 
construction with the U. S. Realty and Improvement ‘Company on the con- 


organization of Rogers and ‘Hagerty, Incorporated, in the same Z 


the World War Mr. Slattery was was superintendent of construction 
the Federal Shipbuilding Company at Kearney, N. J. this position 
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a January, 1920, to J anuary, 1922, he was engaged by the Frederick | uh 
a7 = Snare Corporation | as superintendent of construction in the building of the aE 
a | Hunters Brook, Turkey Mountain, and Indian Brook siphons for the New _ 

Board of Water Supply. F ollowing this assignment he returned to ‘New 

York and took charge of foundations, fill, and grading of the Interborough 
“Rapid Transit subway storage yard on Westchester Avenue, Borough of the ; 

Bronx, for the P. T. Cox Company, Inc. had essentially ‘completed this 
when the D. ©. Serber Company, | Ine, of New York was awarded t the 
contract for the erection of the e car barns, storage yard facilities, and steel 
elevated railroad structure in the same yard. Mr. Slattery 


work for the Serber Company and completed it successfully. 


In J uly, 1925, Mr. Slattery and Martin J. Lyons own con- 


tracting organization under the name of Lyons- Slattery ‘Company, Ine. As 
constuction manager, Mr. ‘Slattery took an active part i in all field operations, 


anaes of the outstanding contracts prosecuted by the Lyons- Slattery Hee. a 
os Tne, ; included the bridges and decked areas of Fordham Plaza over the 
Bhs Harlem Division tracks of the New York Central Railroad i in the Borough of ie 
the Bronx; the elimination of the New York Central grade crossing at Dyck- ; 
if man Street, Borough of Manhattan; and the elimination of a grade crossing : 
- the Putnam Division of the New York Central Railroad at Nepperhan Heights, 
N.Y. Following these contracts, the Lyons-Slattery Company was awarded 


the contract for Section 5, Route 106, of the Grand Boulevard and C Concourse 


siderable credit n must be Mr. for the expedi 
ar In May, 1931, Mr. Slattery participated. in » the formation . of the ‘Hepes 


wholesale and distributers of sand and gravel i in New 


organization, h 


Company until the late fall of 1938, whi a cardiac condition 00 


to permit him to continue his work. 

r. Slattery possesse an unusual faculty in solving the » various problems 

~ of construction work ; he had a natural ability for leading men and selecting . 


staff executives. His personality drew his associates into a close relation- 


ship s and encouraged them to g’ give to their work the best they had to offer. rts ee 
died on February 24, in New York, and i is eurvived by his wife, 


fis 


ae = ‘Mr. Slattery w was elected an Affiliate of the American Society of Civil En- 


pe Stone Colipctaticn with Mr. Lyons 2 and the executives of the O’Brien 4 | 


we 
q 
q 
: 
q 
4 
4 
7 
rt 
4 
4 
— 
= 
3 
; | q 
4 
| 
Us 
4 
a 


>. 


“MEMOIR OF GEORGE OLIVER TENNEY 


OLIV ER TENNEY, Affiliate Am. Soc. 


was born in Littleton, Mass., on 1 September 11, 1861. 
His long and brilliant career in engineering and began at the 
j early age of sixteen when he was employed by the City Engineer of the City 4 
G of Somerville, Mass. ‘His early ability and hard study are attested by the fact 
that after three years in the City Engineer Department of Somerville, as oo X. 
Rodman and Inspector on Sewer Work, he was given a position, in 1880, as <a 
“Assistant: Engineer, by the New York, West Shore and Buffalo Railway 
_ Company. Mr. Tenney had remarked he was once the youngest member of | 
= a field party of which he was in charge. In 1883 he returned to the City of ets 
Somerville as Assistant Engineer, where he remained until 1886. 
About this time the City of Decatur, Ala., the center of what 
- Tenney described as the Alabama Boom.” He accepted a position as 
_ Assistant Engineer on Sewer Construction for ‘the City of Decatur in 1886 Pa & 
_ and remained there until 1892. It was here that he gave up his engineering ee ue 
practice to enter the contracting field on sewer construction in which he con- 


tinued successfully i in Decatur until the yellow fever epidemic, which caused — - 


4 in and was engaged in ‘the construction of the Chickamauga 
_ iin Park, Chattanooga, Tenn., for the United States National Park 
Saini completion of this work, about 1895, he moved to Spartan- 

s. C., and engaged in the construction of dams. _ Among those con- 

structed were six at the following points: Clifton, Greenville, Portman Shoals, 

- and Neil Shoals, in South Carolina, and McAdenville and Harden in North > 

continued in this until 1906, when the Atlantic Bitulithic Com- 
4 c pany was organized by Warren Brothers Company of Boston, Mass., for street 
y and road construction in the South. Mr. Tenney was made President at its 


organization and so continued, for a third of a century, until his death. 
Under his direction many of the important streets in Cities the 
‘His honesty and fairness were recognized country, both 
his fellow contractors and the officials for whom the work was performed. His _ oe - ae 


contribution industry, in 8 priceless. His ability 
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